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Jump Starting ..........•....•....•••••.. 601-7 

K 
Key Identification and Usage . . . . . . . . . . . . ••.•. 1 0-1-1 
Key Reminder Diagnosis . ..••...... . .•.•...••• 3-8 
Knuckle, Hub, and Disc, Front Suspension .•...... 3C·8 



L 
Lamp Switch ..••.... .. •..•••...•••...• .•.• 88-3 
Lamp Switches •. •. . ....•••..•••. ...• .. •.• . , • . 8C-6 
Latch Lock, Roof and Convertible Top •..•..••. 10-8-22 
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Leak Tests (External and Internal), 

R-4 A/C Compressor . . • . . . . . • . • . • . . • . • . • 1 D 1-19 
Left and Right Air Vent Cables Replacement, 
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Oil Pump Disassembly, 700-R4 Unit Repair ...• 700-R4-7 
Oil Pump Overhaul, 2.8 Liter V-6 ..••........• 6A2-18 
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Toe .. • .. . ......•... . •...• • .. • .. . .• .•. . . 3A-1 
Toe Adjustment •.... . .. . , .•.. .... .. ....... JA-4 
TonneauPanel . ....... , . .•.... .. ... •... . 10-8-10 
Tonneau Panel Latch ...... .. .... . ... . .. . .. 10-8-11 
Tonneau Panel Replacement . . . . . . . . . • . . . • . . 1 0-8-1 0 
Tonneau Panel Seal ..... . .. . .... . . .. . ..... 10-8-13 
Tonneau Release Solenoid ; ..•. .. . ......... 10-8-11 
Tooth Contact Pattern Test, Borg-Warner 

·Rear Axle . . • . ••...... . .. .. . .. . •. . .. . .. 4B1-10 
Tooth Contact Pattern Test, Rear Axle . ...... • ; . . 4B-6 
Torque Arm, Rear Suspension , .. .. ••. _. ........ 3D-4 
Torque Converter Assembly, 700-R4 

Unit Repair . .. . . .. . . ..• . . . .. ... ..... 700-R4-54 
Torque Converter Clutch Diagnosis, 700-A4 AT 

Diagnosis . . .. . • • .....• . .. . .• . .... .• 700-R4-53 
Torque Converter Clutch Electrical Controls ... .... 7 A-8 
Torque Converter Clutch Electrical Disgnos!s ...•.. 7 A-8 
Torque Converter Evaluation, 

700-R4 AT Diagnosis . . ••.•• . , ...... . . 700-R4-53 
Torsional Damper, 2.8 Liter V-6 . .. .. ...... •. . 6A2-18 
Torsional Damper, V8 Engines .. ...... . .••• . . 6A3-27 
Track Bar, Rear Suspension, . ... .. . . ... : , ... . . 30--3 
Transmission Assembly, Manual Transmission ..•. 78-18 
Track Bar Brace, Rear Suspension . . . . • , .. .• . •. . 3D-4 
Transmission Assembly Removal and Installation, 

Automatic Transmission •. • .. • . .. •.. . ••• •. 7A-26 
Transmission Case, Manual Transmission . . ...••. 7B-12 
Transmission Cover, Manual Transmission . ; .... • 7B-15 
Transmission Definition . • .• • •. . • .. · • • ..... · .... 7 A-2 
Transmission Disassembly, 700-R4 Unit Repair . 700-R4-4 
Transmission Disassembly, Manual Transmission, 

Unit Repair .......... • • . .....••. • ... • ... 78-6 
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Unit Repair. . . . . . • • . . • • . • . . . . . . . . . . . . 700-R4-6 
Transmission End Play Check Assembly, 700-R4 

Unit Repair ..••.• • . .. , . . .... .• ...•• • 700-R4-44 
Transmission Fluid Checking Procedure ..• • • .. .. • 7 A-3 
Transmission Fluid Information . .. • .....•••.. . . 7 A-3 
Transmission General lnform~tion and 

On-Vehicle Service ..... • •••.........•. . .. 7 A-1 
Transmission Identification Information . . . . . . . ... 7 A-1 
Transmission Identification . • ... . ........ • ...• OA-2 
Transmission Mount, Manual Transmission ........ 78-3 
Transmission Neutral Start/Backup Lamp Switch . ... 8C-8 
Transmission Oil Cooler ....• • .....•.•...... . 68-23 
Transmission Oil Cooler Gasket ...........• • .. 68-23 
Transmission Oil Cooler, Description •...•........ 68-2 
Transmission On-Vehicle Service, Manual 

Transmission .. .... .•.. .. . . • ..... . ..• . .. • 78-4 
Transmission Usage . • . ..•. ......... . ...... . OA-2 
Tread Wear Indicators ... . ....• • ....•........ 3-14 
Trim Height Diagnosis ......•....... .. .. . .... 3-21 
Trim Pad Switch and Remote Handle Mount 

Panel, Doors .•.• • . . .... • ............... 10-5-3 
Tube Blocking, Cooling and Radiator . .......•.. . 68-18 

Tum Signal Flasher, On-Vehicle Service ..•....•• • 88-5 
Turn Signal Switch Diagnosis .•...• . ...••. • •..•. 3-6 
Turn Signals ..•... .•.....••...• • .•• •. ..... • 8B-2 
TV Cable Adjustment . •. . .. · .. • ••... • .•. . •.. 7 A-13 
TV Cable Assembly . • . , ...........•. . ... . . • 7 A-12 
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TV Cable System Diagnosis ..... , .•..••..•• . . 7 A-11 
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Vacuum Supply, Cruise Control .• . .••...•...... 98-4 
Vacuum System, Manual A/C . • ............•.. 18-6 
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GENERAL INFORMATION OA-3 

Vehicle Identification Number 
IGI FP 3 I E 2 K L 100001 

G.M. MAKE IDENTIAERS 
VIN POSITIONSl1, 2, 3 

USA CANAD 
CODE CODE 

1G1 2G1 

1G2 2G2 

SERIES AND MODEL TABLE 
VIN POSITION 14 ANO 15 

15 DIVISION 

SERIES CHEVROLET 

P CAMARO SPORT COUPE 

SERIES PONTIAC 

S FIREBIRO 

W TRANSAM 

BODY TYPES 
VIN POSITION 16 

COD DESCRIPTION 

1 TWO DOOR COUPE/SEDAN 

2 TWO DOOR HATCHBACK 

3 TWO DOOR CONVERTIBLE 

-

CODE 

1 

-- -.. --
PLANT SEQUENCE NUMBER 

..... VIN POSITION 15 
12 THROUGH 17 

G.M. PLANT CODES 
VIN POSITIONS 111 

A LAKEWOOD 

D DORAVILLE 

~ E LINDEN 

MODEL YEAR CODES G FRAMINGHAM 
VIN POSITIONS 110 L VANNUYS 

CODE YEAR N NORWOOD 

J 1988 P PONTIAC MOTOR 

K 1989 T TARRYTOWN 

L 1990 X FAIRFAX 
M 1991 y WILMINGTON 

1 OSHAWAl2 

2 ST. THERESE 

5 BOWLING GREEN 

" CHECK 
6 OKLAHOMA DIGIT 

VIN CITY 

~ POSITION 19 9 OSHAWAl1 

VIN 
CODE 

s 
F 

8 

E 

ENGINE CODES 
VIN POSITION 18 

RPO ENG. CARBURETION 
CODE TYPE 

LBS 
L89 

L98 
L03 

V6 MPA 
v8 TPI 
ve TPI 
VB TBI 

RESTRAINT CODES 
VIN POSITIONS 11 

DESCRIPTION 

MANUAL BELTS 

DISPL MFT. 
(LITERS DIVISION 

2.8 CPC 

5.0 CPC 

6.7 CPC 

5.0 CPC 

KC1 " 
Figure 3 - Vehicle Identification Number (VIN) Codes 



OM GENERAL INFORMATION 

Vehicle ldentificadon Number 
I G I F P 3 I E 2 K L 100001 

i MLT 
I Year I ________ I Plantof 

-- --- I I K L 100001 
VIN Derivative 

Manufacture 
I 

Sequence 
Number 

I 

Figure 4 - Vehicle Identification Number (VIN) Derivative 

0 ve 
[I) VB 

@] ENGINE IDENTIFICATION 
NUMBER LOCATION · 

@] VIN DERIVATIVE LOCATION. 

0 ENGINE VERIFICATION LABEL LOCATION 
(V8 NOT SHOWN, LOCATED ON LEFT SIDE OF 
OIL PAN) 

Figura 5 - Engine Label Locations 

ltCt -- --

KC1 p 



GENERALINFORMATION OA-6 

Engine Identification Number 
0 00 00 000 

..... Code 

F-FllntMotor 
V-Fllnt Engine 
T-Trmlda 
9-Saglnaw Parta 
K-GM of Canada L TO. 
M-GMofMexlco 
H-Hydrarnatlc 

Mandi Pracluced 

01 January 
02February 

12December 

Type Code 

Day Produaed 

.. 
Figure 6 - Engine Identification Number 

TRANSMISSION USAGE 
Engine AxJe IRPO•Aatiol Tranamlalon 

2.BL. V6 IVIN 51 GU6-3.42 Mel-Manual 
MD8-700-R4 

5.0L. V8 IVIN Fl GU4-3.08 M39-Menual 
GM3-3.45 MK6-Manual 
GU2-2.73 MD8-700-R4 

5.0L. VB (VIN El GU4-3.08 M39-Manual 
GU2-2.73 MD8-700-R4 

5.7L. VB !VIN 81 GW6-3.42 MD8-700-R4 

Figure 7 - Transmission Usage Chart 

however, must be the correct nominal diameter, thread 
pitch and strength. 

Original equipment metric fasteners, except for 
exposed bumper bolts · and other beauty bolts and 
cross-recess head screws, have numbers on their heads 
identifying them as metric. Cross-recess head screws 
can be identified by a Posidriv or a Type lA cross 
recess. Either type of cross-recess screwdriver can be 
used to remove Posidriv recess head screws. but Type 
lA will perform better. 

NOTICE! Most metric fasteners have a blue color 
coating. This coating should not be used to 
positively identify fasteners because not all metric 
fasteners are color-coated. Damage to the fastener 
or part could result if a customary fastener is 
incorrectly used to rep1',ce a metric fastener. 

General Moton P.ngineering Standards, along 
with other North American industries, have adopted 
a portion of the standard metric fastener sizes defined 
by the International Standards Organization (ISO). 
This standard was adopted to reduce the number of 

fasteners used while keeping the best strength qualities 
of each thread size. For example, the customary 1/ 4-20 
and 1/4-28 screws were replaced by the metric M6.0xl 
screw, which bas almost the same diameter and 2S.4 
threads per inch. The thread pitch is between the 
customary coarse and fine ~ pitches. 

Metric and customary thread notations differ 
slightly. The thread major diameter of a 1/4-20 bolt is 
1/4 inch, and the bolt bas 20 threads per inch. The 
thread major diameter of an M6.0 x 1 bolt is 6.0 min,. 
and the bolt has 1 mm between threads. 

FASTENER STRENGTH IDENTIFICATION 
Figure 11 

Most commonly used metric fastener strength 
property chwes are 9.8 and 10.9. The class 
identification is embossed on the head of each bolt. 
Customary fastener strength property classes range 
from grade 2 to 8. Radial lines are embossed on the . 
head of each bolt to identify the strength class. Some 
metric nuts are marked with strength identification 
numbers on the nut face. 



OA-8 GENERAL INFORMATIO_N 

700-R4 JULIAN DATE 
IOA DAY OF THE YEAR) 

IDENTIFICATION INFORMATION 

POSSIBLE V.1.N. LOCATION 
7103,0A 

Figu e 8 - Automatic Transmission Label Locations 

~ VIN DERIVATIVE LOCATION B 

[!] VINDERIVATIVEOPTIONAL 
LOCATION 

Figure 9 - Manual Transmission Label location 

When replacing fasteners, be careful to use bolts 
and nuts of the same strength class as, or higher than. 
the original fasteners. Many metric fasteners available 
in the aftermarket parts channels were designed to 
metric standards of countries other than the United 
States. The fasteners may have different strength or 
thread pitch and may not have the numbered head 
marking system. The metric fasteners used on GM 
products are designed to new international standards 
that may not be used by some nondomestic bolt and 
nut suppliers. 

PREVAILING TORQUE FASTENERS 

Figures 12 and 13 

A prevailing torque nut is designed to develop an 
interference between the nut and bolt threads. This 
interference is usually created by distortion of the top 
of an all-metal nut or by a nylon patch on the threads 
in the middle of a hex flat. A nylon insert may also be 
used. 

A prevailing torque bolt is designed to develop an 
interference between the bolt and nut threads or 
between the bolt and tapped hole threads. This 
in~erence is CR:ated by distorting son:ie of the threads 
or by using a nylon patch or adhesive. 

Rusty or damaged bolts and nuts should be 
replaced with new parts of the same strength class or 
higher. Clean, unrustcd bolts and nuts can be reused. 

•Be sure to use the following recommendations. 
1. Clean dirt and other foreign material from the 

nut or bolt. 



USING FRAME CONTACT HOIST 
REARWARD OF FRONT TIRE 

USING SUSPENSION CONTACT HOIST 
LIFTING ON REAR AXLE 

GENERAL INFORMATION OA-1 

USING FRAME CONTACT HOIST 
FORWARD OF REAR TIRE 

USING SUSPENSION CONTACT HOIST 
UNDER FRONT LOWER CONTROL ARM 

12 ,. 
Figure 10 - Vehicle Lifting Points 



OA-8 GENERAL INF.ORMATION 

GRADE 2 
(GM 260-M) 

GRADES 
lGM '280""."M) 

GRADE 7 
(GM 290-M) 

GRADE 8 
(GM 300-M) 

NUT JTRENGTH · 
IDENTIFICATION . I 

CUSTOMARY (INCH) BOLTS-IDENTIFIC~TION MARKS CORRESPOND TO -BOLT 
STRENGTH-INCREASING NUMBERS REPRESENT INCREASING STRENGTH. @ 

METRIC BOLTS-IDENTIFICATION CLASS NUMBERS CORRESPOND TO BOLT 
STRENGTH-INCREASING NUMBERS REPRESENT INCREASING STRENGTH. 

.OA 

Figure 11 • Fastener Strength Marks 

2. 

3. 

4. 

5. 

Inspect the nut or bolt for cracks, elongation or 
other signs of abuse or overtightcning. 

- If the nut or bolt is worn in any way, replace 
with a nut or bolt of the same strength class 
or higher. 

Assemble the parts and hand-start the nut or bolt. 

Check that the D\lt -or bolt develops torque 
according to Fisure 13 before it seats. 

- If the nut or bolt fails to develop torque 
correctly, replace with a nut or bolt of ,the 
same strength class or higher. 

T"lghten the fasteners to the torque specified in the 
appropriate installation proccdure:in this manual. 

ENGLISH-METRIC CONVERSIONS 

F/guf8 14 

To convert customary units to metric units, refer 
to Figure 14. To convert metric units to customary 
units. divide the metric units by the conversion factor 
shown in Figure 14. 

tie ~ e 
CENTER TOP NYLON 

LOCK LOCK PATCH 

a a 
DRY THREAD 
ADHESIVE PROFILE 
COATING DEFORMED 

e 
NYLON 

WASHER 
INSERT 

I 
NYLON 
STRIP 

NYLON 
INSERT 

OUT OF 
ROUND 
THREAD . 
AREA 

120012.0& 

Figure 12 - Prevailing Torque Fasteners 

DECIMAL AND METRIC EQUIVALENTS 
F',guf8 16 

Inch-to-millimeter decimal equivalents are 
shown in Figure 15. 

ABBREVIATIONS 
The following abbreviations may appear in this 

manual. 
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FASTINER TORQUE METIIIC-SIZE FASTENERS 

TYPE UNffll 6 8.3 8 10 12 14 16 20 
Nuts and All N.m 0.4 0.4 0.8 1.4 2.2 3.0 4.2 7.0 

MetalBolta Lb.In. 4 4 7 12 19 27 37 82 
Adhesive or Nylon N.m 0.4 0.4 0.6 1.2 1.8 2.4 3.4 5.6 

Coated Bolts Lb.In. 4 4 6 11 14 21 30 60 

FASlENER TORQUE INCH.SIZE FASTENERS 

TYPE UNITS .250 .312 .375 .437 .600 .562 .625 .750 
NutaandAII N.m 0.4 0.6 1.4 1.8 2.4 3.2 4.2 6.2 
Meta!Bolta Lb. In. 4 5 12 16 21 28 37 65 

Adhesive Nylon N.m 0.4 0.6 1.0 1.4 1.8 2.8 3.4 6.2 
Coated Botta Lb. In. 4 6 9 12 18 23 30 49 

Figure 13 - Prevailing Torque Fastener Specifications 



OA.10 . GENERAL INF.ORMA TION 

Multiply 

Inch 
Foot 
Yard 
Mile 

lnch2 

Foot2 
Yard1 

lnch2 

Quart 
Gallon 
Yard1 

Pound 
Ton 
Ton 

Kilogram 
Ounce 
Pound 

by to get equlval•nt 
L&~~Tl::I number of: 

25.4 millimeters (mm) 
0.3048" meters(ml 
0.9144 meters 
t .609 kilometers (kml 

ABEA. 

645.2 mllllmettrr (mm2I 
8.45 centimeters• (cm•) 
0.092 9 meters• (m2) 

0.8381 maters1 

VOLUME 

18387. mm• 
16.387 cm1 

0.0164 liters Ill 
0 .9464 liters 
3.7854 liters 
0.7648 mettr•• lm'l 

MASS 

0.4538 kilograms (kgl 
907.18 kilograms (kg) 

0.907 tonne (ti 

FORCE 

9.807 newtons(NI 
0.2780 newtons 
4.448 newtons 

To convert Fahrenheit temperature 
to Celsius temperature, use formula: 

C • 8/a (F-321 

Multiply by to get equivalent 
A!;Q~LEBADQtll nomb•r of: 

Foot/sec2 
0 .3048 meter/uc2 (m/1121 

lnch/sec2 
0 .0254 meter/sec2 

TORQUE 

Pound-Inch 0.11298 newton-meters (N.m) 
Pound-foot 1.3558 newton-met.,a, 

Horsepower 
POWER 
0.748 kilowatts (kW) 

PRESSURE OR STRES§ 

Inches of water 0.2491 kilopaacals (kPal 
Pounds/sa. in. 6.895 kilopascals 

ENERGY OR WORK 

BTU 1 055. joules (JI 
Pound-foot 1.355 8 joules 
KIiowatt-hour 3600000. joules (J = one W's) 

or 3.6 x 10' 

.!::!.filIT. 

Foot candle 10.764 lumens/meter• (lm/m1) 

FUEL PERFORMANCE 

Miles/gal 0.4251 kilometers/liter (km/I) 
Gal/mile 2.352 7 liter/kilometer II/km) 

VELOCITY 

MIies/hour 1.609 3 kilometers/hr. (km/hi 

TEMPERATURE 

To convert Celsius temperature 
to Fahrenheit temperature, use formula: 

F • 8/aC + 32 

KC101111.0A,"-•• 

Figure 14 - Engllsh-Metric Conversion Chart 
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DECIMAL AND METRIC EQUIVALENTS 

fnctions Dlcima.1 Matric fractions Decimal Metric 

In. MM. In. MM . 

1/64 • 015625 .•.. .39688 33/64 ..... .&15625 13.09887 

1/32 .03125 .... .79375 17/'J2. .&3125 .•.. 13.48375 

3/84 ' .Oil8875 ..... 1.19082 36/64 .548875 13.89082 . . . . . ... 
1/18 . . . . . .082& . . . . . 1.58750 9/16 . .... .5825 .... 14.28750 

&/84 . . . . . .078125 .... 1.98437 37/64 . . . . . .&78125 ... 14.88437 

3/'J2. .09375 . . . . 2.38125 19/'J2. .59375 , ... 16.08125 · 

7/64 .109375 •... 2.77812 39/64 .809375 ... 1&A7812 

1/8 .125 ...... 3.1750 5/8 .825 . .... 15.87600 

9/8' ' .... .140625 ••.. 3.57187 41/84 .840625 . .. 18.27187 

5132 .15625 .... 3.96875 21/32 . .... .85625 •.•. 18.86875 · 

11/64 . 171875 .••. 4.36562 43/84 .871875 ... 17.06662 

3/18 .1875 ..... 4.76250 11/18 . .... .8875 . ... 17.48260 

13/6' .203125 .••. 5.15937 46/64 ..... .703125 . .. 17.85937 

7/32 .21876 .... 5.56825 23/'J2. .71875 ••.. 18.25625 

15/6' .234375 •.•• 5.95312 47/64 .734375 . . . 18~66312 . . 

1/4 .250 . . . . . . 6.36000 3/4 .750 ..... 19.06000 

17/64 .285625 ..•. 6.74687 49/64 .766625 ... 19.44887 

9/32 .28125 .... 7.14375 2&/'J2. .78125 ...• 19.84375 

19/84 .296871i ••.• 7.54062 51/64 .796876 ... 20.24082 

5/16 ..... .3125 . .... 7.93750 13/16 .8125 . ... 20.837&0 

21/64 ..... .328125 .•.. 8.33437 53/64 .828125 . .. 21.03437 

11/32 .34375 ..... 8.73125 27/32 .M375 .... 21A3125 

23/M . . . . . .359375 .... 9.12812 56/64 . .... .869375 . .. 21.82812 

3/8 . . . . . .375 .. .. .. 9.52500 7/8 .875 . .... 22.22500 

25/64 .390625 ..•. 9.92187 57/64 .890625 ... 22.62187 

13/32 . . . . . .40625 .... 10.31875 29/32 ,. .... .90825 .... 23.01875 

27/8' ..... A21875 .... 10.71562 59/64 .92187& . .. 23.41582 

7/18 ••••• . ·.4375 ..... 11.11250 15/16 .9376 . ... 23.81250 

29/64 ..... ~463126 •..• 11.50937 81/64 .953125 . .. 24.20937 
15/32 . . . . . .468~ .... 11.90826 31/32 . .... .98875 .... 24.80625 
31/64 .4M375 •... 12.30312 63/64 .984376 ... 25.00312 

1/2 .600 . . . . . . 12.70000 1 . . . . . 1.00 ....... 26.40000 

14-0A 

Figure 15 - lnc:Mo-Millimeter Decimal Equivalents 
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A 
A-6 Axial 6 Cylinder A/C Compressor CID Cubic Inch Displacement 
A/C Air Conditioning . CLCC Closed Loop Carburetor Control 
A/F Air/Fuel (A/F R,atio) CLTBI Closed Loop Throttle Body Injection 
ABDC ~ Bottom Dead Center cm' cubic centimeter 
ABS · (Body) Acrylonnitrilo-Butadiene-Styrene co carbon monoxide 
ABS (Brake) Antilock Brake System COA Carburetor Outside Air 
AC Alternating Current CP Canister Purge 

(Also a GM Division) CPS Central Power Supply 
ACC Automatic Climate Control CPU Central Processing Unit 
ADP Air Deflector Valve crs Coolant Temperature Sensor, 
AIR Air Injection Reaction Coolant Temperature Switch, 
Al aluminum Cold Trapped Spark 
ALC Automatic Level Control CU ft Of ftl cubic foot Or CUbiC feet 
ALCL Assembly Line Communication Link cu in or in1 cubic inch or cubic inches 
ALDL Assembly Line Diagnostic Link CV constant velocity 
AM/FM Amplitude Modulation/ 

D Frequency. Modulation 
amp amperes dB decibels 
API-GL American Petroleum Institute- dBA decibels on A-weighted scale 

Gear Lubricant DBB Dual Bed Bead 
APS Absolute Pressure Sensor DBM Dual Bed Monolith APT Adjustable Part Throttle ·De Direct Current 
ARS Automatic Restraint System DEC Digital Electronic Controller 
ATC Automatic Temperature Control DEFI Digital Electronic Fuel Injection 
Ame After Top Dead Center DFI Digital Fuel Injection 
ATS Air Temperature Sensor dia diameter 
avg average DIS Direct Ignition System 
AWD All-Wheel Drive DVM Digital Voltmeter 
AWG American Wire Gage 

E 
B 

EAC Electric Air Control 
BARO Barometric Absolute Pressure Sensor EAS Electric Air Switching 
BBDC Before Bottom Dead Center EBCM Electronic Brake Control Module 
BCM Body Computer Module ECI Extended Compressor at Idle 
BHP BrakeHonepower ECM Electronic (Engine) Control Module 
BP Back Pressure ECS Emission Control System 
BTDC Before Top Dead Center ECU Engine Cahl,ration Unit 
Btu Briti$h thermal units EDES Electric Divert/ 

Electric Air Switching Valve 
C EEC Evaporative Emission Control 

EECS Evaporative Emissions Control System 
C Celsius EES Evaporative Emission System 
C LOOP Closed Loop EFB Early Fuel Evaporation 
C4 Computer Controlled Catalytic Converter EFI Electronic Fuel Injection 
Cll, 3CI Computer Controlled Coil Ignition EGR Exhaust ~ R.ecirculation 
CAD Computer Aided Design ELC Electronic Level Control 
CAM Computer Aided Manufacturing BMF Electromotive Force 
CCC, 3-C Computer Command Control EOS Exhaust Oxygen Sensor 
CCOT Cycling Clutch Orifice Tube EPR Exhaust Pressure Regulator 
CCP Cantrolled Canister Purge EPROM Erasable Programmable 
Cd cadmium Read-Only Memory 
CDRV Crankcase Depression Regulator Valve ESC Electronic Spark Control 
CEAB Cold Engine Airbleed ESD Electrostatic Discharge 
CEMF Counter Electromotive Force EST Electronic Spark Timing 
cfm cubic feet per minute ETC Electronic Temperature Control 
cg center of gravity ETR Electronically Tuned Receiver 
CHA Carburetor Hot Air EVRV Electronic Vacuum Regulator Valve 
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F L 

F Fahrenheit · L liter 
FDC Fuel Data Center lb. ft. pound-feet (torque) 
FEC Fuel Evaporator Control . lb. in. pound-inch (torque) 
FED Federal LCD Liquid Crystal Display 
FI Fuel Injection LF Left Front 
FICD Fast Id.le Control Diaphragm LH Left-Hand 
ft foot, feet LR Left Rear . 

G M 

g gravitational acceleration MIC Mixture Control 

GA gage MAF Mass Air Flow 

gal gallon MAP Manifold Absolute Pressure Sensor 

GM General Motors MAT Manifold Air Temperature Sensor 

gas gasoline MDP Manifold Differential Pressure 
MEM-CAL Memory Calibration Unit 
MFI Multi-port Fuel Injection 

H mi miles 
mm millimeten 

H20 water mpg miles per gallon 
H/CMPR High Compression mph miles per hour 
HC hydrocarbons ms millisecond 
HD Heayt Duty MT Manuai Transmission, Manual Transaxle 
HDC Heavy Duty Coo~g MV megavolt 
HEI High Energy Ignition mV millivolt 
hex hexagon MVS Metering Valve Sensor 
Hg mercury 
HI ALT High Altitude N 
HIC High Id.le Compensator 
hp horsepower N·m Newton-meters (torque) 
HPCA Housing Pressure Cold Advance NC Normally Closed 
HPL High Pressure Liquid NEU neutral 
HPV High Pressure Vapor Ni nickel 
HVAC Heating-Ventilation-Air Conditioning NLGI National Lubricating Grease Institute 
Hz hertz NM5 Canadian Recalibration 

NM8 lead tolerant 

I NO Normally Opened 
No. oxides of nitrogen 

IAC Idle Air Control NPTC National Pipe Thread, Coarse 

IC Integrated Circuit NPTF National Pipe Thread, Fine 

ID Inside Diameter, identification 
ILC Idle Load Compensator 0 
IP Instrument Panel 
ISC Id.le Speed Control Oz oxygen 

oc Oxidizing Converter 

J OD Outside Diameter 
OEM Original Equipment Manufacturer 
ORC Oxidizing Reducer Converter 

K oz ounce(s) 

kg kilogram p 
kHz kilohertz 
km/h kilometers per hour PIN Park/Neutral 
km/1 ldlometen per liter PAIR Pulse Air Injection Reaction 
kFa kilopascals PCV Positive Crankcase Ventilation 
kv kilovolts PECV Power Enrichment Control Valve 
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PEDESV · Pressure Operated Electric Divert/ TCC Torque Converter Clutch, 
Electric Switching Valve Transmission Convert.er Clutch 

PFI Port Fuel Injection TCCTVMV Torque Converter Clutch Trim 
POA '. Pilot Operated Absolute Valve Vacuum Modulator Valve 
POLYE polyethylene TDC Top Dead Center 
POLYF polyfoam TH Turbo-Hydramatic 
POLYP polyproylene TIIERMAC Thermostatic Air Cleaner 
POLYU polyurethane TPE Thermoplastic Elastomer 
ppm parts per million TPI Tuned Port Injection 
PROM Programmable Read-Only Memory TPO Thermoplastic Olefin 
PS Power Steering TPS Throttle Position Sensor, 
psi pounds per square inch Throttle Position Switch 
psia pounds per square inch, absolute TRC Throttle Return Control 
psig pounds per square inch, gage TV Throttle Valve 
pt pint· TVBV Turbocharger Vacuum Bleed Valve 
PWM . Pulse Width Modulated TVRS Television and Radio Suppression 

TVS Thermal Vacuum Switch · 
Q 

u 
qt quart(11) 

U-joint universal joint 
R 

V 
R-4 Radial Four-Cylinder Air Compressor 
R-12 Refrigerant-12 V volt(s), voltage 
RAM Random Access Memory · V6 Six Cylinder Engine 
RAP Retained Accessory Power V8 Eight Cylinder Engine 
RF Right Front VAC vacuum 
RFI Radio Frequency Interference VATS V chicle Anti-Theft System 
RH Right-Hand VDV Vacuum Delay Valve 
RIM Reaction Injection Molded (Urethane) vel velocity 
rpm revolutions per minute VF Vacuum Fluorescent 
RPO Regular Production Option VIN Vehicle Identification Number 
RR Right Rear VLV Vacuum Limiting Valve 
RRIM Reinforced Reaction Injection VLVMV Vacuum Limiting Vacuum 

Molded (Urethane) Modulator Valve 
RT right VMV Vacuum Modulator Valve 
RTV Room Temperature Vulcanizing VRV Vacuum Reducer Valve 

(Sealer) vss V chicle Speed Sensor 
RVR Resp_onse Vacuum Reducer 
RWD Rear-Wheel Drive w 

s W/S windshield 
WOT Wide Open Throttle 

SAE Society of Automotive Engineers 
X sec sccond(s) 

SEO Special Equipment Option 
X-valve expansion valve SES Service Engine Soon 

SI System Intc:mational y 
Si silicone 
SMC Sheet Molded Compound 

yd yard 
SO2 sulfur dioxide 
sq ft., ft1 square foot (feet) z • • J square inch(es) sq m.,m 

Zn zinc 
T 

TAC Thcrmosts.tic Air Cleaner 
TBI Throttle Body Injection 
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SERVICE PARTS IDENTIFICATION LABEL 

F",gure 16 

The labei is attached to the inside of the console door. 

OPTION CODES 

The· service parts identification label has been 
developed arid placc:d on the vehicle to help service and· 
~ personnel identify parts and options originally 
installed on the vehicle. Regular production options 
(RPOs) and standard and -mandatory options are listed. 

V chicle options are identified Oil the service parts 
identification label by an option code. The option codes 
are three digit combinations of letters and numbers. 
They identify equipment installed on the vehicle and 
trim and paint colors. 

A 
AC3 
AG9 
AM9 
AN4 
AR9 

AU3 
AOl 
A31 
A90 

B18 
B34 
B35 
B48 
B60 
B6Q 
B6R 

WHIO.E'.--£ 
IOENTl'ICATION 
NUMBER 

Service Parts ld e nt,f1cot1on DO NOT REMOVE 

OOOOQ0000000000 00000 
ARL A02 ASS ,B6Y 89A 89K C60 018 DJS ESZ ESE E9Z FLT CiU1 JM7 

~19 K64 LC3 MX1 M31 NAS NB1 OMX"VKJ VC2 VY1 VY4 V73 Y19 ZJ7 

8RJ 62L 62U 67D 671 679 7BJ 8HJ 9HJ 

DIS. LACQUER 

EXAMPLE 
WA-Ll240 U8240 A-1721 

PA1r,,T coots ANO LOCATIONS 

11T 

Vllll"IL 

TOI' COLOR 
•IF APPL1CABLC • 

670 

PAINT TECHNOLOGY 
SOLUTION LACOUER 
DISPERSION LACOUER 
HIGH S.OLIOS E"I .. MEL 
WATERBORNEE"l4MEL 
8ASECOAT CLEARCOAT L LOW(R BODY COLOR TRIM 

U UPPER BODY COLOR COMBl"IATIO"IS 

A MIOOlt BODY OR ACCE"I T 
COLOR STRtPl"IG ETC , 

Figure 17 - Service Parts Identification Label 

REGULAR PRODUCTION OPTIONS 

)- IOOY T'tfl£'5TYLE J OPTION CONTl!NT 

C1 17 

Adjuster, 6-Way Power Bucket, Driver Seat 
Adjuster, 6-Way Power Seat (Merchandising) 
Seat Asm, Rear Split Back Fold Down 
Restraint Provision, Child (Canadian) 

Package, Graphic #4 

Seat Asm, Front Bucket Recline 
(European Style) 
Lock, Side Door Electric 

Molding, Exterior, Body Side (Black) 
Molding, Door Edge Guard (Special) 
Hatch Roof, Removable Panela 
Washer and Wiper, Pulse W-mdshield 
Heater, With Defroster, Outside Air 
Defogger, Rear Window FJectric 

p 

Window, Deep Tinted Glass (All Windows) 
Window, Electric Control 
Lock, Rear Compartment Lid, 

B6T 
B84 
B91 
CCI 
CD4 
C41 
C49 
C60 
DC4 

Air Conditioner, Manual Control 
Mirror, Instrument Panel Rear View Tilt, 
Dual R e.ading Lamp 

Remote Control,- Electric Release 
Omamenution,Interior,Deluxe 
Mats, Front Floor (Carpet Insert) 
Mats, Rear Floor (Qupd Insert) 
Trim, Lugpge Compartment (Deluxe) 
Package, Graphic # 1 
Package, Graphic · #2 
Package, Graphic #3 

DD9 
DX3 
D27 
D34 
D35 
D42 
D6D 
D6E 

Mirror, Outside Rear View Electric Remote 
Stripe (Delete) 
Cover, Rear Compartment Stowage 
Mirr.er, Visor Vanity 
Mirror, Outside Rear View 
Cover, Rear Compartment Security 
Speedollleter Driven Gear 
Speedometer Driven Gear 
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D6H Speedometer Driven Gear QLC. Tll'C, P24S/SOZR.16 
D6M Speedometer Driven Gear QPH Tire. P215/65R1S 
D7C Speedometer Driven Gear Qyz Tire, P215/65R15 
D80 .. . Spoiler, Deck Lid Rear TR.9 Lamp Group 
D81 · Spoiler, Rear, Aero W-mg TI'4 Headlamps, Tungsten Quartz Halogen 
DBS-- · Stripe, Hood and Peck Lid T93 Lamp,. Tail and Stop (Smoked 14.is) 
ESZ Speedometer Adapter (Delete) T96 Lamps, Front Fog 
E9Z Speedometer Key (Delete) UAl Battery, Heavy Duty 
FE! Suspension System, Soft Ride VA6 Deterrent System, Theft 
FE2 Suspension System, UB3 Cluster, Instrument (Oil Temperation, Volts, 

· Touring Ride and Handling Trip Odometer, Tachometer) 
GH3 Ade, Rear 2. n Ratio ULS Radio (Delete) 
GM3 Axle, Rear 3.45 Ratio UM6 Radio, AM/FM Stereo Cassette. Clock, ETR. 
GU2 Axle, Rear 2.73 Ratio UM7 Radio, AM/FM Stereo, Clock, ETR 
GU4 Axle, Rear 3.08 Ratio · UQl Radio, Stereo Installation Provisions 
GU6 Axle, Rear 3.42 Ratio OQ4 Speaker System, Bose 4-Speaker . 
GW6 Axle, Rear 3.27 Ratio With Amplifier 
080 Axle, Rear Locking Type (Limited Slip) OQ9 Speaker System (Delete) 
092 Axle, Performance Ratio UU8 Radio, AM/FM Stereo Cassette, Clock, 
JGl Shaft, Prop (Aluminum) ETR, Delco/Bose 
142 Brake System, Power, Disc/Drum UXl Radio, AM and FM Stereo Cassette, 

(Aluminum) Equalizer, ETR, Clock 
JSO Brake System, Vacuum Power UlC Radio, AM/FM Stereo, Compact Disc, 
165 Brake System, Power, Front and Rear Disc ETR. Clock 
KC4 Cooler, Engine Oil UIS Speedometer, Instrument Panel (Kilometer) 
KOS Heater, Engine Block U19 Speedometer, Instrument Panel (Canadian) 
K.34 Control, Speed and Cruise U25 Lamp, Luggage Compartment 

(Integrated Computer) U26 Lamp, Engine Compartment 
K60 Generator, 100 A,mp 075 Antenna, Power (Chrome) 
K68 Generator, 105 Amp U79 Speaker, 4 Dual Front Coax, 
K.99 Generator, 85 Amp Dual Extended Rear 
LBS Engine, 2.8L V6 VK3 Mounting, Front Licc:ose Plate 
LB9 Engine, 5.0L VS WWI Aero Package #1 (White) 
L03 Engine, 5.0L VS (TBI) WW2 Aero Package #2 (Silver) 
L98 Engine, 5. 7L VS . WW4 Aero Package #4 (Black) 
MBl Transmimon, 5-Speed Manual wws Aero Package #5 (Gold) 

(Borg-Warner) WW6 Aero Package #6 (Flame Red Metallic) 
·MDS Tnmsmission, 4-Spced Automatic wws Aero Package #8 (Bright Red) 

(TIIM700-R4) WY4 Aero Package #9 (Orange Metallic) 
MK6 Traosmis.crion, 5-s'peed Manual WY8 Aero Package # 10 (Bright Blue Metallic) 

(Borg-Warner) W62 Aero Package 
MMS Tnmsmission, Manual Z28 IR.OC-Z Option 

(Merchandising Option) Z49 Mandatory Canadian Base 
MXO Transmission, Automatic Equipment Modifications 

(Merr.bamtising Option) llQ Molding Color (White) 
M39 Tnmsrnission, 5-Speed Manual ISP Wheel Color (Medium Metallic· Gray) 

(Borg-W arnger) 
I 

16P Wheel Color (Silver) 
NAS Emission Systc:rn, Fc:dcral Requirements 19B Trim Combination, Cloth (Black) 
NB2 Emission System, California Requirements 19C Trim Combination, Cloth (Black) 
NNS Emission System, California Override 191 Interior Trim (Black) 
NPS Wheel. Steering (Leather Wrapped) 19Q Molding Color (Black) · 
NlO Exhaust System, Dual 199 Safety Belts (Black) 
N33 Column, Steering (Tilt Type) 23Q Molding Color (Medium Maui Metallic) 
N64 Wheel and Tire, Spare, 23U Exterior Color (Medium Maui Blue Metallic) 

Aluminum Space Saver 24Q Molding ~lor (Bright Blue Metallic) 
N65 Wheel and Ttte, Stowaway Spare 400 Exterior Color, Primary (White) 
N90 Wheel. ISx7 (Cast Aluminum) 410 Exterior Color, Primary (Black) 
N96 Wheel, 16x8 (Cast Aluminum) 6DB Spring. Computer Selected, Front Left.band. 
PF2 Wheel, 15x7 (Aluminum) 6KR Spring, Computer Selected. Front Lefthand 



6XM 
6XN 
6XR. 
6XS 
6XT 
6XU 
6XW 
6XX 
6XY 
6ZW· 
6ZX 
6zy 
63Q 
63U 
66B 
661 
662 
669 
70B 
7KR 
7XK 
7XM 
7XN 
7XR. 
7XS 
7XT 
7XU 
7XW 
7XX 
7XY 
7ZW 
7ZX 
7ZY 
72B 
72C 
721 
722 
729 
74Q 
74U 
8NB 
8NL 
8NM 
8NN 
8UX 
8UY 
8UZ 
8WA 
8YB 
81A 
81Q 
81U 

82B 

82C 

821 

Spring, Computer Selected, Front Lefthand 
Spring, Computer Selected. Front Lefthand 
Spring, Computer Selected, Front Lefthand 
Spring, Computer Selected, Front Lefthand 
Spring, Computer Selected, Front Lefthand 
Spring, Computer Selected, Front Lefthand 
Spring, Computer Selected, Front Lefthand 
Spring, Computer Selected, Front Lefthand 
Spring, Computer Selected, Front Lefthand 
Spring, Computer Selected, Front Lefthand 
Spring, Computer Selected, Front Lefthand 
Spring, Computer Selected, Front Lefthand 
Molding Color (Orange Metallic) 
Exterior Color Primary (Orange Metallic) 
Trim Combination, Cloth· (Beechwood) 
Interior Trim (Beechwood) 
Trim Combination, Leather (Beechwood) 
Safety Belts (Beechwood) 
Spring, Computer Selected, Front Righthand 
Spring, Computer Selected, Front Righthand 
Spring, Computer Selected, Front Righthand 
Spring, Computer Selected, Front Righthand 
Spring, Computer Selected, Front Righthand 
Spring, Computer Selected, Front Righthand 
Spring, Computer Selected, Front Righthand 
Spring, Computer Selected, Front Righthand 
Spring, Computer Selected, Front Righthand 
Spring, Computer Selected, Front Righthand 
Spring, Computer Selected, Front Righthand 
Spring, Computer Selected, Front Righthand 
Spring, Computer Selected, Front Righthand 
Spring, Computer Selected, Front Righthand 
Spring, Computer Selected, Front Righthand 
Trim Combination, Cloth (Dark Carmine) 
Trim Combination, Cloth (Dark Carmine) 
Interior Trim (Dark Carmine) 
Trim Combination, Leather (Dark Carmine) 
Safety Belts (Dark Carmine) 
Molding Color (Frame Red Metallic) 
Exterior Color, Primary 
Spring, Computer Selected, Rear Lefthand 
Spring, Computer Selected, Rear Lefthand 
Spring, Computer Selected, Rear Lefthand 
Spring, Computer Selected, Rear Lefthand 
Spring, Computer Selected, Rear Lefthand 
Spring, Computer Selected, Rear Lefthand 
Spring, Computer Selected, Rear Lefthand 
Spring, Computer Selected, Rear Lefthand 
Spring, Computer Selected, Rear Lefthand 
Accent Stripe, Two-Tone (Black/Blue) 
Molding Color (Bright Red) 
Exterior Color, Primary 
(Bright Red Metallic) 
Trim Combination, Cloth 
(Dark Medium Gray) 
Trim Combination, Cloth 
(Dark Medium Gray) 
Interior Trim (Dark Medium Gray) 
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822 Trim Combination, Leather 
(Dark Medium Gray) 

829 Safety Belt (Gray) 
86A Stripe, Two-Tone (Light Silver/Black) 
87Q Molding Color (Gunmetal Metallic) 
87U Exterior Color, Primary (Ounmetal Metallic) 
88A Stripe, Two-Tone (Gold.Black) 
9NB Spring, Computer Selected, Rear Righthand 
9NL Spring, Computer Selected, Rear Righthand 
9NM Spring, Computer Selected, Rear Righthand 
9NN Spring, Computer Selected, Rear Righthand 
9UX Spring, Computer Selected, Rear Righthand 
9UY Spring, Computer Selected, Rear Righthand 
9UZ Spring, Computer Selected, Rear Rightband 
9W A Spring. Computer Selected, Rear Righthand 
9YB Spring, Computer Selected, Rear Righthand 
90A Accent Stripe, Two-Tone (Silver/Yellow) 
92P Wheel Color (Gold) 
98U Exterior Color, Primary 

(Bright Blue Metallic) 

LUBRICATION POINTS AND FLUID 
CAPACITIES 

For information on lubrication points and fluid 
capacities, refer to MAINTENANCE AND 
LUBRICATION (SEC. OB). 
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SECTION OB 

MAINTENANCE AND LUBRICATION 
CONTENTS 

Scheduled Maintenance Service .......................................................................... ... ............ ...... 0B-1 
Lube Fitting Locations ................................................. ; ... ·-················ ..................................... OB-4 
Owner Inspections • ....... ..•.••.••..•• .•••••..•••. ....................................................... ..•••.. .•••.•...•.. ....••• •. OB-6 
Recommended Fluids and Lubricants ........................••.•...•......•........ ........... ...... ............ ...... ... 0B-8 
Maintenance Items ............ ~...... ..................... .......... ...... ...... ... .. ..................... .......................... .. 0B-9 
Cooling System. Capacities .......................... ." ............................................ :................................ 0B-9 
Belt Ten.sion Chart ...................................................................................................................... 0B-9 
Component Capacities .............................................................................................................. 0B-9 
Tire Pressure Specifications ........................................................................ ~·········· .................. 0B-10 

NORMAL CAR USE 
The maintenance instructions contained in the 

Maint.enance Schedule are based on the assumption 
that the car will be used as designed: 

• To carry passengers and cargo within the 
limitation indicated on the Tire Placard located 
on the edge of the driver's door. 

• On reasonable road surfaces with.in legal 
operating limits. 

• On unleaded gasoline. 

SCHEDULE I 
Fig. 1 

Follow Schedule I if the car is operated under one 
or more of the following conditions: 
• When most trips are less than 4 miles (6 km). 
• Operating when outside temperatures remain 

below freezing and when most trips are less than 
10 miles (16 km). 

• When most trips include extended idling and/or 
frequent low--speed operation as in stop-and-go 
traffic. 

• Towing a trailer. Trailering is not recommended 
for some models. See the Owner's Manual. 

• Operating in dusty areas. 
Schedule I should also be followed if the car is 

used in delivery service, police, taxi or other 
commercial applications. 

SCHEDULE II 
Fig. 2 

Follow Schedule II ONLY if none of the driving 
conditions specified in Schedule I apply. 

EXPLANATION OF SCHEDULED 
MAINTENANCE SERVICES 

Refer to Fig. 1 and 2 for the schedules of time 
and/or mileage intervals. The following text and 
illustrations (Figs. 3, 4 and S) give the details of the 
required maintenance services. 

Engine Oil and Oil Filter Change 
ALWAYS USE SF/CC OR 

SF/CD-QUALITY ENERGY CONSERVING 
OILS OF PROPER VISCOSITY - A new quality 
designation, "SO", may become available. Oils 
de$ignated ''SO" will protect even better than SF /CC 
or SF /CD oils. The ''SO" designation may be shown 
alone or in combination with other designations such 
as SO/CC, SG/CD, SF, SO, CC, etc. 

Engine oil viscosity (thickness) has an effect on 
fuel economy and cold-weather operation (starting and 
oil flow). Lower viscosity engine oils can provide better 
fuel economy and cold-weather performance; however, 
higher tempcnture weather conditions require higher 
viscosity engine oils for satisfactory lubrication. Using 
oils of any viacoelty other than those 
viscosities recommended could result in 
engine damage. 

When choosing an oil, consider the range of 
temperatures the car will be operated in before the next 
oil change. Then, select the recommended oil viscosity 
from the chart (Fig. 3). 

Chassis Lubrication 
Lubricate ttansmission shift linkage. Lubricate 

parking brake cable guides, underbody contact points 
and linkage. 

Manual transmission - lubricate clutch cross 
shaft every 30,000 miles (50,000 km) 

Lubricate all grease fittings in the suspension and 
steering linkage as descnbed by the following: 

Lubricating Joints That Have Grease Fittings 
Fig. 4 

[1] Important 

Wipe off all dirt from the grease fitting before 
lubricating the joint. Ball joints should not be 
lubricated unless their temperature is-12• C (HJ"' F) or 
higher. During cold weather, the ball joint should be 
allowed to warmup as nece.,sary before being . 
lubricated. Use a low-pres.,ure grease gun on all joints 
to prevent seal damage. 
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Fig. 1 Maintenance Schedule I 
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Ag. 3 Engine Oil Viscosity Recommendation, 2.81.. 5.0L, 
5.7L 

STEERING TIE RODS -
Apply grease until grease flows out between seal 
and tie rod end housing. 
RELAYROD-
Apply grease until grease flows around seal. 
IDLBRARM-
Apply grease while pushing up and pulling down 
on the idler arm. (This will prevent "grease 
lock"). Apply grease until grease is seen at the 
seal. 
BALL JOINTS -
Apply grease slowly while watching grease seal. 
Apply grease until grease is seen bleeding from 
the seal. If the seal expands but no grease is seen, 
do not apply any more grease and allow time for 
the grease to bleed from the seal. 
ALLJOINTS-
Wipe off all excess grease. 

Carburetor or Throttle Body Mounting Torque 
Check torque of mounting bolts and/or nuts. 

Tighten carburetor mounting bolts or nuts to 16 N • m 
(12 lbs. ft.). Tighten TBI mounting bolts or nuts to -17 
N•m (12 lbs. ft.). Tighten MPFI/SFI throttle body 
mounting bolts or nuts to 27 N • m (20 lbs. ft.). 

Engine Idle Speed Adjustment 
Engines without Idle Speed Control or Idle Air 

Control System -Adjust to specifications shown on the 
underhood label If no specifications• are shown, no 
adjustment is neccs.v.ry. Cahlmlted test equipment 
must used. 

Tire and Wheel lnspectloh and Rotation 
Check tires for abnormal wear or damage. To 

equalize wear and obtain maximum tire life, rotate as 
shown in Fig. 5. 

If the car is equipped with P245/50VR16 
sizetires, the tires must be dismounted from the wheels 
before they can be rotated. This is because the front and 
rear wheels have different offsets, and the tires are 
directional. Directional tires have an arrow on both 

9 FITTINGS 

Fig. 4 Lubrication Atting Locations 



sides of the sidewall pointing in the direction ·the tires 
must roll for correct performance. Follow these steps: 

• Dismount tires from the wheels. 
• Rotate the tires (not the wheels) in the rotation 

pattern shown. Make sure the tires rotate in the 
direction· of the arrows as they are remounted on 
thewheels. · 

• Rebalance the tires. 
• Replace wheels in their origmal position. 

Alter rotation, adjust the front and rear tire 
pressures and be sure to check wheel nut tightness. 
Tighten to 140 N ·m (100 Lb.Ft.). 

ff irregular or premature wear exists, check wheel 
alignment. Also, check for damaged wheels. 

While the tires and wheels are removed, perform 
the brake systems inspection specified at Brake 
Systems Inspection that appears after the heading 
'"Each Time Oil Is Changed". 

RECOMMENDED ROTATION PATTERN* 

t 
F 
R 
0 
N 
T 

• READ .. INSPECTION AND ROTATION" TEXT FOR ADDI• 
TIONAL INFORMATION BEFORE ROTATING. SOME 
TIRE SIZES REQUIRE FURTHER STEPS. 

DO NOT INCLUDE '°TEMPORARY USE ONLY" SPARE 
TIRE IN ROTATION. 

Fig. 5 Tire Rotation 

Vacuum or A.I.R. Pump Drive Belt Inspection 
When a separate belt is used to drive the vacuum 

or A.I.R. pump, inspect it for cracks, fraying, wear and 
proper tension. Adjust or replace as needed. 

Cooling System Service 
Drain, flush and refill system with new coolant. 

See Recommended Fluids and Lubricants, or Section 
6B. 

Wheel Bearing Repack 
Clean and repack front-wheel bearings at each 

brake relining or 15,000 miles (24 000 km), whichever 
comes first when car is used in such service as police, 
taxi or door-to-door delivery. ff the car is not used in 
such se.-vice, clean and repack bearings at each brake 
relining or .30,000 miles ( 48 000 km), whichever comes 
first. 

Transmission Service 
The manual transmission fluid does not require 

changing. 

MAINTENANCE AND LUBRICATION 0~ 

For automatic tnmsmiuion, change both · the 
fluid and filter every 15,000 miles (25 000 km) if the 
car is mainly driven under one or more of these 
conditions. 

• In heavy city traffic where the outside 
temperature regularly reaches 90" F (32° C) 
or higher. 

• In hilly or mountainous ~-
• Frequent trailer pulling. Trailering is not 

recommended for some models. See the 
owner's manual for details. 

• Uses such as found in taxi, police car or 
delivery service. . 

ff the car is not used under any of these 
conditions, change both the fluid and filter (or service 
the screen) every 100,000 miles OtiO 000 km). See 
Section 7 A for more information. 

Spark Plug Replacement · 

Replace spark plugs with type listed in this 
section, see .. Maintenance Items". 

Spark Plug Wire Inspection 

Clean wires and inspect for bums, cracks or other 
damage. Check the wire boot fit at the distnbutor 
and/or coil, and at the spark plugs. Replace the wires 
as needed. 

Positive Crankcase Ventilation (PCV) Inspection 

Inspect valve for proper function. Replace valve 
if necessary. Also, replace any worn, plugged or 
collapsed hoses. 

EGR System Service 

S.OL (VIN E), 5. 7L (VIN 7) -
Perform EOR system check - see Section 6E2, 
Chart C7. 
2.8L (VIN S), 4.3L (VINZ), 5.0L (VIN F), 5.7L 

(VIN 8)-
No service required. 

Air Cleaner and PCV Filter Replacement 

Replace the air cleaner filter every 30,000 miles 
(50 000 km). Replace more often under dusty 
conditions. 

Replace the crankcase vent filter if so equipped. 

Engine Timing Check 
Engina with distributors only. 

Adjust timing to undcrhood label specifications. 

Fuel Tank. Cap and Unes Inspection 
Inspect fuel tank, cap and lines for damage or 

leaks. Inspect fuel rails and injection assemblies, if so 
equipped. Inspect fuel cap gasket for an even filler neck 
imprint or any damage. Replace parts as needed. 
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Thermostatically Controlled Air Cleaner 
If equipped 

·Inspect all hoses and ducts for proper hook-up. 
Make sure valve works properly. 

· OWNER INSPECTION AND SERVICES 
Listed below are yehicle inspections and services 

which should be made at the frequencies indicated by 
dther ~e owner or a qualified technician to help 
ensure proper safety, emis.iion performance and 
dependability of the vehicle. . Whenever repairs are 
necessary, have them completed at once. 

Any safety related . or emissions related 
components that could haye been damaged in an 
accident should be inspected and all needed repairs 
should l>e performed before operating the vehicle. 

WHILE OPERATING THE CAR 
Automatic transmission shift Indicator 

operation - Make sure the indicator points to the 
gear chosen. . 

· Horn operation - Blow the hom occasionally 
to make sure it works. Check all button locations. 

Brake system operation - Be alert to 
abnormal . sounds,. ~ brake pedal travel or 
repeated pulling to one side when braking. Also, if the 
brake warning fight goes on, or flashes or the anti-lock 
warning light (If' equipped) comes on or remains on. 
something may be wrong with part of the brake system. 

· Exhaust system operation - Be alert to any 
changes in the sound of the system or any smell of 
fumes. These are signs the system may be leaking or 
overheating. Have it inspected and repaired at once. 

Tires. wheels and alignm·ent operation -
Be alert to a vi"bration of the steering wheel or seat at 
normal highway speeds. This may mean a wheel 
balance is needed. Also, a pull right or left on a straight 
level road may show the need for a tire pressure 
adjustment or a wheel alignment. 

Steering. system operation - Be alert to 
changes in steering action. An inspection is needed 
when the steering wh~ is harder to turn. or has too 
much free play, or if unusual sounds are noted when 
turning or parking. 

Headlight . aim - Take note of light pattern 
occasionally. If beams seem improperly aimed. 
headlights should be adjusted. 

AT EACH FUEL FILL 
A fluld loss in any syatem (except 

windshield washer) may indicate a problem. 
Have It inspected and repaired at once. 

Engine oil level - Check level and add if 
necessary. The best time to check the engine oil level 
is when the oil is warm. After stopping the engine, wait 
a few minutes for the oil to drain back to the oil pan. 
Then. pull out the oil level indicator (dipstick). Wipe 
it clean, then push the oil level indicator back down all 
the way. Then pull out the oil level indicator and look 
at the oil level on it. 

Add oil, if needed, to keep the oil level above the 
"ADD" line and ·within the area labelled "Operating 

Range." Avoid overfilling _the engine since this may 
cause engine damage.. Push the oil level indicator back 
down all the way.after taking the reading . 

If you check the oil level ·when the oil is. cold. do 
not run the engine first. The cold oil will not drain back 
to the pan fast enough to give a trllc· oil level. 

Engine coolant level and condition -
Check level in coolant reservoir tank and add if 
necessary. Inspect coolant and replace if dirty or rusty. 

Windshield washer fluid level - Check level 
in reservoir and add if necessary. 

Hood latch operation - When opening hood, 
note the operation of secondary latch. It should k~ 
hood from opening all the way when primary latch 18 
released. Make sure that hood closes firmly. 

AT LEAST MONTHLY 
Tire and wheel inspection and pr888ure 

check - Check tires for abnormal wear or damage. 
Also check for damaged wheels. Pressure should be 
checked when tires are "cold" (mclude spare unless it 
is a stowaway). Maintain pressures as shown in "'fire 
Pressure Specifications" which are in this section or the 
Tire Placard which is on the driver door, or the 
underside of the rear deck lid 

Ught operation - Check operation of license 
plate light, sidemarker lights, headlights, including 
high beams, parking lights, taillights, brake lights, 
(mcluding the center high mounted stop ]~er turn 
signals. backup lights and hazard warning . 

Fluid leak check - Periodically, after the car 
bas been parked for a while, inapect the surface beneath 
the car for water, oil, fuel or other fluids. Water 
dripping from the air conditioning system after use is 
normal If you notice fuel leaks or fumes. the cause 
should be found and corrected at once. 

AT LEAST TWICE A YEAR 
Power steering system reservoir level -

Check and keep at proper level as descn"bed in Section 
3Bl. . 

Brake master cylinder reservoir level -
Check fluid as dacn'bed in Section S and keep at 
proper level. A low fluid level can indicate wom disc 
brake pads which may need to be serviced. 

. Weatherstrip lubrication - Apply Part No. 
1052863 or equivalent silicone grease. Apply a thin 
film using a clean cloth. 

AT LEAST ANNUALLY 
Parking brake and transmisslon••park., 

mechanism operation -
CAUTION: Before checking the 
holding ablllty of the parklng brake 
and automatic transmlulon .. PARK"· 
mechanism. park on a fairly steep hlll 
with enough room for movement in 
the downhill direction. To reduce the 
risk of personal injury or property 
damage. be prepared to apply the 
regular brakes promptly if the car 
begins to move. 



To check the parking brake, with the engine 
running and transmissi'>Jl in "Neutral", slowly remove 
foot pressure from the ·regular brake pedal (until the 
car is held by QD]y the parking brake). 

To ch~k the automatic transmissfon "Park'' 
mechanism holdinJ ability, release all brakes after 
shifting the transmission to "'Park". 

Transmission neutral or clutch start 
switch operation - . 

CAUTION: Before performing the 
following · transmission neutral or 
clutch start switch check, be sure to 
have enough room around the car. 
Then, firmly apply both the parking 
brake and the regular brakes. Do not 
use the accelerator pedal. If the 
angina starts, be ready to turn off the 
ignition promptly. Take these 
precautions because the car could 
move without warning and possibly 
cause personal Injury or property 
damage. · 
On automatic transmission cars, try to start the 

engine in each gear. The starter should crank only in 
"P" (Park) or "N" (Neutral). 

On n,anual transmission cars, place the shift lever 
in "Neutral", push the clutch halfway and try to start. 
The starter should crank only when the clutch is fully 
depressed. 

Steering column lock operation - While 
parked, try to tum key to "UJCkl' in each gear range. 
The key should tum to '"Lock" only when the gear 
selector is in "Park" on automatic or .. R.evene" on 
manual transmission. 

On cars with key release lever, try to tum key to 
"Lock" without depressing the lever. The key should 
tum to "Lock" only with key lever depressed. 

On all vehicles, the key shonld come out only in 
''I.ookt'. 

Seatback latch operation - Be sure 
seatbacks latch on those cars with folding seats using 
met!baoical latches. 

Lap and shoulder baits condition and 
operation - Inspect ~t system, including: webbing, 
buckles, la.tch pla~ retractor, guide loops and 
anchors. 

Movable head restraint operation - On 
ca.rs with movable restraints, make sure restraints stay 
in the desired position. 

Seatback recliner operation (if equipped) 
- Make sure the recliner is holding by pushing and 
pulling on the top of the seatback while it is reclined. 

. Spare tire and ja-ck atorage - Be alert to 
rattles in rear of car. Make sure the spare tire, all 
jacking equipment, any tire inflator and any covers or 
doors are securely stowed at all times. Oil jack ratchet 
or screw mechanism after each use. 

Key lock service - Lubricate key lock 
cylinder. 

Body lubrication service - Lubricate all body 
door hinges, including the hood, fuel door and rear 
compartment binges and latches, the glove and console 
doors, and any folding seat hardware. 
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Also lubricate the tailgate or· hatchback lid 
hinges. 

Underbody flushing - At least every spring, 
flush from the underbody with plain water, any 
corrosive materials used for ice and snow removal and 
dust control. Take care to thoroughly clean any areas 
where mud 8Dd other debris can coJlect. Sediment 
packed in closed areas of the vehicle should be loosened 
before being flushed. . 

Engine cooling system - Inspect coolant and 
freeze protection. If dirty or rusty, drain, _flush and 
refill with new coolant. Keep coolant at the proper 
toixture for proper fre.eze protection, corrosion 
inhibitor level and best engine operating temperature. 
Inspect hoses and replace if cracked, swollen or 
deteriorated. Tighten hose c;lamps. Clean outside of 
radiator and air conditioning condenser. Wash filler 
cap and neck. To help ensure proper operation, a 
presJUte test of both the cooling system and cap is also 
recommended. 

EACH TIME OIL IS CHANGED 
Automatic transmission fluid level

Maintain level within operating range on the oil level 
indicator. See Section 7 A. 

Manual transmission - Check fluid level and 
add as required. See Section 7Bl or 7B2. 

Brake systems inspection For 
convenience, the following should be done when 
wheels are removed for rotation: Inspect lines and 
hoses for proper hookup, binding, leaks, ~ks. 
chafing, etc. Inspect disc brake pads for wear and 
rotors for surface condition. Also inspect drum brake 
linings for wear and cracks. Inspect other brake parts, 
including drums, wheel cylinders, parking brake, etc., 
at the same time. Check parking brake adjustment. 

Inspect brakes more often If habit or 
conditions result in frequent braking. 

Steering and suspension Inspection -
Inspect front and rear suspension and steering system 
for damaged, loose or rnissing parts, signs of wear or 
lack of lubrication. Inspect power steering lines and 
hoses for proper hookup, binding, leads, cracks 
chafing, etc. · 

Exhaust system Inspection - Inspect 
complete system including catalytic converter. Inspect 
body near the exhaust system. Look for broken, 
damaged, missing or out-of-position parts as . well as 
open seams, holes, loose connections or other 
conditions which could cause a heat build up in the 
.floor pan or could let exhaust fumes seep into the trunk 
or passenger compartment. 

Throttle linkage inspection - Inspect for 
interference or binding, damaged or missing parts. 

Engine drive belts - Inspect all belts for 
cracks, fraying, wear and proper tension. Adjust or 
replace as needed. 

Rear Axle-Check fluid level and add ifoeeded. 
To check or add fluid: 
Hoist car at suspension contact points, see 

Section OA. Keep car level. Clean dirt or foreign 
material from around filler plug opening before 
removing the filler plug. Maintain fluid level from flush 
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with bottom of opening to no lower than 6 mm (1/4•) 
l>elow opening. Always replace fill pllJ& tighten to 41 
N · m (30 lbs. ft.). 

LiDiited-sli differentials should have fluid 
drained and. at the first 7,500 miles (12 500 km). 

All models with limited slip rear. axles, be sure to 
add limited-slip additive. · 

If the car is used to pull a trailer, change lubricant 
every 7,SOO (12 SOO km) in either type dift'crcotial. 

Power antenna service, three mast 
section type - Clean and then lubricate the power 
antenna mut, see Section 9A. 

RECOMMENDED FLUIDS AND LUBRICANTS 

Engine ·on - GM Goodwrcnch motor oil or equivalent for API service SG, SF/CC or SF/CD of 
recommended viscosity. 

Engine coolant - Mixture of water and good quality ethylene glycol base antifreeze conforming to GM 
Specification 182SM (GM part no. 1052753). 

Hydraulic brake system -Delco Supreme brake fluid (GM part no. 1052535) or equivalent DOT-3 brake 
fluid. 

Parking brake cable guides. underbody contact points and linkage - Chassis grease meeting 
.requirements of GM 603 lM (GM part no. 1052497). 

Power steering system - Power steering fluid meeting requirements of GM 9985010 (GM part no. 
1050017, 1052884). 

Automatic transmission and manual & speed transmissions - DEXR.ON@ II automatic 
transmission fluid .(GM part no. 1051855, 12345006). 

Manual transml88ion shift linkage -Chasm grease meeting requirements of GM 6031M (GM part 
no. 1052492). 

Key lock cylinders - Lubricate with Multi-Purpose Lubricant (GM part no. 12345120) or synthetic SAE 
SW30 engine oil. (Do not use aerosols) 

Automatic transmission shift linkage - Engine oil 

Clutch llnkage pivot points - Engine oil 

Weatherstrips - Silicone grease (GM part no. 1052863 or equivalent). 

Power antenna. 3 mast section type only - Light machine oil. 

Chassis lubrication - Chassis grease meeting requirement of GM Specification 603 lM (OM part no. 
1052356 or 1052497). 

Standard differential and Locking Rear axle - SAE SOW-90 OL-5 gear lubricant (GM part ~o. 
1052271 or 1052272). Limited Slip requires additive below. 

Umlted slip differential rear axle - All models require GM part no. 1052358 lubricant additive. 

Windshield washer solvent- GM Optikleen washer solvent part no. 1051515 or equivalent. 

Hood latch •-mbly. pivots and spring anchor - Engine oil. 

Hood latch a889mbly, release pawl - Chassis grease i:neeting requirements ex GM Specification 603 lM 
(OM part no. 1052497). 

Front wheel bearings - GM part no. 1051344 grease or equivalent. 

Hood and door hinges, hatchback lid hinge and linkage. Headlamp door aaaemblles. Rear 
folding seat. Fuel door hinge. Rear compartment lid hinges. - Engine oil. · 
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MAINTENANCE ITEMS 

Air Cleaner Ftlter 
VIN E . ·······-·····................................................................................................. AC Type A329C 
VIN Fand S ... ; ................................................................................................. AC Type A918C 
VIN 8 ............................................................................................................ ~... AC Type A917C 

Engine Oil Filter 
VIN S ................. ·-························ ....................................................................... AC Type PF51 
VIN E, F, 8 .......................................................... -............................................. AC Type PF2S 

Fuel Filter · 
VIN (ALL) .............................................. ·-·············································· ........ AC Type OF481 

PCVValve 
VIN S ................................•.. ........................................................................... AC Type CV892C 
VIN E, F, 8 ....................................... - ..•. : ...................................................... AC Type CV774C 

PCV Air Ftlter 
VIN E ..................................................................................................................... AC Type FBS9 

Spark Plugs And Gap 
VIN S ................................................................................................ AC TypeR42CTS (0.045') 
VIN E .................................................................................................. AC TypeR4STS (0.045•) 
VIN 8 ............................................................................................ , ..• AC TypeR43CTS (0.045•) 
VIN F ................................................................................................ AC TypeR43CTS (0.035•) 

COOLING SYSTEM CAPACITIES 

VIN8 
All ....................................................................................................................... 16.lL (17.0 Qt.) 

VINE 
All ......................................................................................................................... 14.8L (15.6 Qt.) 

VINF 
All ....................................................................................................................... 16.lL (17_.0 Qt.) 

VINS 
All ....................................................................................................................... 11. 7L (12.4 Qt.) 

BELT TENSIONS 

Engines equipped with serpentine belts have an automatic tensioner. No adjustment of this belt is necc:ssary. 

New Belts 
S/t6• Wide ........................................................................................ 350 N Max (80 Lbs. Max) 
3/8• & 13/32• Wide ....................................................................... 620 N Max (140 Lbs. Max) 
7/16• Wide ...................................................................................... 750 N Max (165 Lbs. Max) 

Used Belts 
S/16' Wide ......................................................................................... 200 N Min (50 Lbs. Min) 
3/8• & 13/32• Wide .......................................................................... 300 N Min (70 Lbs. Min) 
7/16 Wide ........................................................................................... 400 N Min (90 Lbs. Min) 

COMPONENT CAPACITIES 

Air Conditioning 
R-12 ................................................................................................................. 1.02kg (2.25 Lbs.) 

Engine Crankcase 
Without FIiter Change 

VIN E, F, & 8 .................................................................................................... 3.8L (4.0 Qt.) 
With Ftlter Change 

VINE, F, & 8 .................................................................................................... 4.7L (S.0 Qt.) 
VIN S ..................................................................................................................... 3.SL (4.0 Qt.) 

Recheck Oil Level After Refill as outlined in Section 6 of this manual 
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Fuel Tank .......................................... ·-···· .. ···············-· ............................... 58.7 Liters (lS.5 /gal.) 
Transmission* 

Automatic (200-R4) . 
Drain & Refill ................................................................................................. 3.2.SL (7.0 Pts.) 
Overhaul ........................................................................................................ 10.$1..(22.0 Pts.) 

Automatic (700-R4) · 
Drain &: Refill ................................................................................................. 4.7L (10.0. Pts.) 
Overhaul .......... :............................................................................................. 10.9L (23.0 Pts.) 

*Initial Fill ~pacity - See Section 7 A for checking procedure. 

WHEEL NUT TORQUE 

All .......................................................................................................... -...... 140 N ·Di (100 Lb.Ft.) 

TIRE PRESSURE SPECIFICATIONS 

Spare ..................................................................................................................... 415 kPa (60 PSI) 
Except Spare 

All - Except P215/65Rl5 on 228 ................................................................... 205 kPa (30 PSI) 
P215/65R15 on Z28 ..................................................................................... 220 kPa (35 PSI) 



HEATER SYSTEM f A;t 

SECTION 1A 

HEATER SYSTEM. 
The following 'Notice• applies to one or more steps in the assembly procedure of .components in this portion 

of the manual as indicated at appropriate locations by the terminology: 'NOTICE: See 'Notice' on page lA-1 
of this section.• · 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they .were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct. torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 

CONTENTS 
General Description ................................. _,....... lA-1 

Base Heater System ........................................ lA-1 
Controls .......................................................... IA-I 

Temperature Lever ..................................... IA-2 
Mode Lever ................................................ IA-2 
Blower Speed Control ................................ lA-2 

Air Distn'bution System ................................. lA-3 
Temperature Valve and Heater 

Core ........................................................... lA-3 
Mode Valves ............................................... lA-4 
Ducts and Outlets ..... ................................. lA-5 

Ventilation ...................................................... lA-5 
Diagnosis ............................................................ IA-5 

Functional Test .............................................. lA-5 
Heater Output Temperature Check .............•.... lA.-6 
Insufficient Heating or Defrosting ................ lA-7 
Improper Air Delivery ..................................• lA-7 
High or Low Heater Control Effort .............. lA-7 
Blower Noise ............................ ...................... IA-7 
Excessive Heat .................. .............................. lA-7 

On-Vehicle Service ............................................. · IA-7 

GENERAL DESCRIPTION 
BASE HEATER SYSTEM 
FlgurN 1 through 3 

The base heater system provides heating, ram air 
and power ventilation, side window defogging and 
windshield defrosting. Outside air is drawn from the 
plenum at the base of the windshield into the heater 
module (1) by the blower fan. Additional outside air, 
called ram air, may be forced into the heater module 
(1) by the forward movement of the vehicle. 

Witlµn the heater module (1), the air is heated as 
required and then routed through ducts to the proper 
outlets for discharge into the passenger compartment. 
A control assembly (2) in the console allows the 
operator to control blower speed, mode of operation 
and the temperature of the air coming from the heater 
system. In addition, two push-pull controls below the 
steering column pl'()vide control of ram ventilation. 

The heater module (1) contains components that 
heat the air flowing through it and direct the air to the 
proper ducts and outlets. The heater module ( 1) 

Adjustments and Repairs ............................... lA-7 
Control Cable Adjustment ........................ ~ lA-7 
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Floor Air Outlet Duct .............................. lA-22 
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Air Deflectors ............... ; ........................... lA-22 
Heater Hoses and Pipes ................... ..... ... lA-22 
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~ts of two major assemblies: the heater assembly 
(10) and the blower assembly (8). The heater assembly 
(10) is mounted to the rear surface of the dash panel 
beneath the instrument panel, and the blower assembly 
(8) is mounted to the front surface of the dash panel in 
the engine compartment. Components within these 
two assemblies will be descn'bed later. 

CONTROLS 
Figures 1 through 4 

The control assembly (2) in the console contains 
three controls: a switch" to control blower speed, one 
lever to permit selection of the desired operating mode 
and ~ second lever to provide control of heater air 
temperature. The blower switch is operated by the 
blower switch knob (13). The mode lever is operated 
by the mode lever knob ( 11 ). The temperature lever is 
operated by the temperature lever knob (12). 

The controls are lit when the headlamps are on. 
Electrical power is provided by the instrument panel 
li~g circuit. The control assembly lamp is in parallel 
with the instrument cluster bulbs, the radio dial bulb and 



1A-2 HEATER SYSTEM 

EJ MODULE 

II) CONTROL ASSEMII.. Y 

0 CABLE 

0 CABLE 

0 CABLE 

[!] 11..0WER ASSEMBl.Y 

~ HEATER ASSEMBL. Y 

Figure 1 - Heater Module and Controls 

0 MOTOR 

[TI HARNESS 

0 BLOWER ASSEMBLY 

~ RESISTOR A~EMBLY 

Figure 2 - Blower Assembly 

certain other interior illumination bulbs. Brightness of 
the dial illnmioatinn is controlled by the dimmer control 
of the bead)al< switch. For electrical circuit diagrams 
and more in ormation, refer to ELECTRICAL 
DIAGNOSIS (SEC. SA); 

Temperature Lever 

. ..The temperature lever operates the temperature 
control cable (5) that goes to the heater module (1). 
When the temperature lever knob (12) is at 'COLD' 
to the extreme left of the slot in the dial of the control 
assembly (2), all of the air delivered by the heater 
system is unheated. When the temperature lever knob 
(12) is at •HOT" to the extreme right of the slot in the 
dial, all the air ~g through the heater module (1) 
is h~ before 1t is discharged. Intermediate positions 
of the temperature lever knob (12) n:su1t in a mixture 
of heated and ~ted air to provide more moderate 
air temperatures. . . 

Mode Lever 

. The mode lever operates two control cables that 
go to the heater module (1 ). The two cables are the 
defroster control cable ( 4) and the vent control cable 
(3). Each cable operates components within the heater 
module (1) that route airflow to the various outlets of 
the heater system. 

Mode lever positions are 'VENT', 'HEATER• 
and· "DEFROST.• "VENT" and "HEATER• 
positions are indicated by those words printed on the 
dial of the control assembly (2), and the 'DEFROST' 
position is indicated by the defrost symbol. 
Intermediate ranges between the three positions are 
identified by the word, 'BLEND.• Full movement of 
the mode lever knob (11) to the extreme left or right 
frovides a positive feel that indicates selection of the 
VENT" or "DEFROST" positions, and a center 

deteot holds the mode lever knob (11) to provide a 
positive feel that indicates selection of the "HEATER• 
position. 

Blower Speed Control 

'The blower switch is a four-position rotary switch 
that provides a choice of three blower speeds plus an 
"OFF" position. The blower switch receives power 
from a 25 ampere fuse in the fuse block when the 
ignition is "ON . ., With the blower switc~ kn(?b (13) in 
the low-speed position, the circuit continues through the 
heater wiring harness (7) to two resistors in the resistor 
~ly (22) near the blower motor (6). 

When the blower switch knob (13) is in the 
medium-speed position, the circuit continues through 
the heater wiring harness (7) to the resistor assembly 
(22), but it bypasses one of the two resisto~. 

When the blower switch knob (13) is in tlie "HI" 
position, the circuit continues through the heater 
wiring harness (7) to the resistor assembly (22), but it 
bypasses both resistors to provide full power to the 
blower motor (6). · 

From the resistor assembly (22), the circuit goes 
to the blower motor terminal to operate the blower 
motor (6). The blower motor circuit is completed to 
ground by a wire in the heater e!:1J harness (7) that 
goes from the blower motor t · to a terminal at 
the dash panel sheet metal near the blower assembly (8) 
in the engine compartment. 
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AIR DISTRIBUTION SYSTEM 
Figures 1 and 5 

Within the heater module (1) are three air valves: 
the temperature valve (21), the vent valve (19) and the 
defroster valve (20). These air valves are hinged parts 
that act like doors to direct the airflow through various 
sections of the heater module (1) to provide the proper 
airflow distribution for the selected temperature and 
operating mode. Each air valve is controlled by a 
control cable from either the temperature lever or the 
mode lever in the control assembly (2). 

Temperature Valve and Heater Core 
The temperature of the air discharged from the 

heater system is regulated by controlling the relative 
amounts of warm and cool air that arc mixed together 

to form the airflow from the heater module (1). The 
part of the total airflow that is allowed to pass through 
the heater core (9) is governed by the position· of. the 
temperature valve (21). The temperature valve .(21) is 
operated by the temperature control cable (S), working 
through a crank lever on the temperature valve ·shaft. 

Wh~n the temperature lever knob (12) at the 
control 1WC1Dbly (2) 1S at the extreme left end of its slot, 
in the full •cOLD• position, the temperature valve 
(21) is positioned to prevent any airflow through the 
heater core. In this position. all of the air is steered 
through a bypass that directs unheated air to the 
outlets. · 

As the temperature lever knob (12) is moved 
away from the full •coLD• position, the temperature 
control cable (5) opens the temperature valve (21) to 
allow an increasing amount of air to pass through the 
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Figura 5 - Heater Airflow Schematic 

heater core (9) and be heated. Ai the same time, the 
amount of air bypas.,ing the heater core (9) is reduced.· 
This method of temperature control provides a very 
rapid response to any change in temperature selection 
throughout the entire range of temperatures. 

When the temperature lever knob (12) reaches 
the full "HOT" position at the extreme right end of the 
slot. the control cable (5) holds the temperature valve 
(21) in a position that diverts all of the airflow through 
the heater core (9) for maximum heating. 

Hot coolant from the engine's cooling system is 
directed through the heater core (9) and returned to the 
cooling system when the engine is running. The heater 
core (9) transfers . heat from the coolant to tbe air 
passing through the core fins. There is no hot water 
valve in the heater system to P-revent the flow of 
coolant through the heater core _(9). 

Mode Valves 
After _pau.ing through or around the heater core 

(9), the air m the heater module (1) flows to the vent 
valve (19). When open, the vent valve (19) guides the 
airflow into the duct passage to the instrument panel 
center outlets (15). When closed, the vent valve (19) 
guides the airflow toward the defroster valve (20). 

The defroster valve (20) splits the airflow, 
sending part of it to the floor air outlet duct (18) and 
the rest to the air distributor (14) which feeds the 
windshield defroster and ducts (16 and 17) to the side 
window defogger outlets. The position of the defroster 
valve (20) determines which outlets receive most of the 
air, but the defroster valve will never completely shut 
off the airflow to either set of outlets. 

A control cable (3 or 4) from the control assembly 
(2) operates each of the two mode valves (19 and 20). 
Both control cables (3 and 4) are connected to the 
mode lever in the control assembly (2) and are 
arranged so the lever pulls only one cable (3 or 4) at 
either extreme of travel from "VENT" to 
"DEFROST.• In the centered position, or 
•HEATER" mode selection, neither cable (3 or 4) is 
pulled. 

"VENT• Mode 
With the mode lever knob (11) in the "VENT" 

position at the extreme left end of the slot in the dial 
of ~c control as&eDlbly (2), the vent control cable (3) 
is pulled to open the vent valve (19) and allow the 
heater airflow to be discharged from the instrument 
panel center outlets (15). The temperature of the air is 
governed by the setting of the temperature valve (21). 
The strength of the airflow is governed by the setting 
of the blower switch knob (13). 

•HEATER• Mode 
. When the mode lever knob (11) is held in the 

•HEATER" position by the detent in the center of the 
slot in the dial of the control assembly .(2), the vent 
control cable (3) is pushed to close the vent valve (19). 
With the vent valve (19) closed, the airflow goes 
toward the heater and defroster openings in the rear 
face of the heater module (1). In the •HEATER• 
mode, the mode lever also~ the defroster control 
cable ( 4) to hold the . valve (20) partially 



closed. AB a result, most of the airflow is directed to the 
floor air outlet duct (18), with only a slight amount 
being diverted to the windshield defroster and side · 
window defogger outlets through the air . distn"butor 
(14). The temperature and strength of the airflow are 
governed by the settings of the temperature valve (21) 
and the blower switch knob (13), respectively. · 

•DEFROST" Made 
When the mode lever knob (11) is in the extreme 

right position, under the defrost symbol. the defroster 
control cable (4) is pulled to fully uncover the opening 
to the air distributor (14) and restrict the opening to the 
floor air outlet duct (18). 'Ibis delivers thr. maximum 
airflow to the defroster and defogger outlets, with only 
a slight amount going to the floor outlets. The 
temperature and strength of the airflow are governed 
by the settings of the temperature valve (21) and the 
blower switch knob (13), respectively. 

•BLEND" Rang11 
AB the mode lever knob ( 11) is moved through 

the "BLEND" range from the •VENT• position 
toward the •HEATER• position. the vent control 
cable (3) is pushed in by the mode lever to move the 
vent valve (19) toward its closed position. This splits 
the airflow through the heater module (l ), sending an 
increasing amount to the floor air outlet duct (18) and 
the air distributor (14) while decreasing the airflow to 
the instrument panel center outlets (1 S) as the mode 
lever knob (11) is moved closer to the "HEATER" 
position. 

AB the mode )ever knob (11) is moved through 
the •BLEND" range from the "HEATER" position 
toward the •DEFROST• position, the defroster 
control cable ( 4) is pulled out by the mode lever to open 
the defroster valve (20). This increases the airflow 
through the air distn'butor (14) to the defroster and 
defogger outlets and decreases the airflow to the floor 
air outlet duct (18) as the mode lever knob (11) is 
moved closer to the •oEFR.OST• position. 

Travel of the defroster valve (20) is limited so it 
never will completely close off the openings to either 
the floor air outlet duct (18) or the air distributor (14). 
Some air will reach all of the floor, defroster and 
defogger outlets in all mode lever positions except 
"VENT". 

Ducts and Outlets 
Air valves in the heater module direct the airflow 

to the correct opeajngs for the selec~ operating mode. 
The large air distributor (14) mounted on the rear face 
of the heater module (1) contains two air passages. One 
passqe leads from the defroster opening in the heater 
module (1) to the two defroster outlets at the base of 
the windshield. This passage also feeds the two ducts 
(16 and 17) to the side window defogger 011tlets in both 
ends of the instrument panel pad. The second passage 
in the air distributor (14) connects the vent opening in 
the heater module ( 1) to the duct that feeds the 
instrument panel center outlets (15). 

Also mounted to the rear face of the heater 
module (1) is the Door air outlet duct (18), an inverted 
Y-shaped duct .that connects the heater opening in the 
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heater module .(1) to the two outlets .in the sides of the 
console. The two air outlets (15) in the center of the 
ins~ent panel have adjustable deflectors that permit 
vehicle occupants to direct the airflow in a desired 
direction. The two floor air outlets and the two side 
window defogger outlets have fixed vanes that 
distribute the airflow in a set pattern. 

VENTILATION 
FigurN 8 and 7 

Two push-pull control knobs under the steering 
column operate cables (26 and 27) to the left and right 
vent ducts (28 and 29) under the instrument panel. 
Each cable (26 or 27) open.a and cl~ a valve which 
controls the entrance of ram air from the plenum. 
When open, the valve allows fresh unheated air to flow 
into the passenger compartment from under the 
instrument panel for ventilation in warm weather. This 
is in addition to the power ventilation feature provided 
by the heater. 

When all the windows are clO&ed, air entering the 
vehicle interior through the heater system or the vent 
ducts (28 and 29) circulates through the passenger 
compartment and leaves. the vehicle through one-way 
pressure relief valves (25) in the door lock pillars. 

DIAGNOSIS 
FUNCTIONAL TEST 

Before beginning the functional test of the heater 
system, the vehicle engine should be idling with the 
coolant hot and the thermostat· open. Coolant 
temperature should be close to 9o-C (194°F). During 
the functional test, the operating efforts of the mode 
lever and the temperature lever should be evaluated. 
The lever operating efforts should not be below 9 
Newtons (2 pounds) or above 22 Newtons (S pounds). 
Even if a problem is found during. any intermediate 
step of the functional test, the test should be completed 
before repair is begun. 

1. Cycle both the temperature lever and the mode 
lever to the extreme ends of·travel in the slots in 
the control assembly dial to assure that the 
self-adjusting cables are properly-adjusted. 

2. Set the mode lever to •VENT•, the temperature 
lever to full •cow• and the blower switch to 
•m.· 
- Air at nearly the same temperature as 

outside air should come from the 
instrument panel center outlets. · 

3. Gradually move the mode lever through the 
"BLEND• range to the •HEATER• position. 
- AB the mode lever moves through the 

•BLEND• range, the airflow from the 
instrument panel outlets should decrease 
while an increasing amount of air should 
come from the floor outlets. 

- In the •HEATER" position of the mode 
lever, most of the air should come from the 
floor outlets with the remainder coming out 
of the defroster and defogger outlets. 

- Air should not come from the instrument 
panel center outlets. 
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All air from the heater system should be at 
nearly the same temperature as outside air. 

4. Continue gradually moving the mode lever from 
the •HEATER• position through the •BLEND• 
range to the •DEFR.QST• position. 
- As the mode lever moves through the 

•BLEND• range, the airflow through the 
floor outlets should decrease as the airflow 
from the defroster and defogger outlets 
increases. 

- In the •DEFROST• position, most of the 
air should be discharged onto the 
windshield from the defroster outlets and 
the defogger outlet flow should increase 
slightly. 

- A small amount of air also should be 
discharged from the floor outlets. 

5. Move the mode lever back to the •VENT• 
position and move the temperature lever to the 
foll •aOT· position. 

- Air should come from the instrument panel 
center outlets, and its temperature should 
climb rapidly to approximately 55°C 
(131"F) or higher. 

6. Move the temperature lever back to the full 
•COLD• position and check to be sure the air 
temperature drOJ>8 back to nearly the temperature 
of the outside m once again. • 

7. Slowly tum the blower switch toward •OFF", 
stopping briefly at each intermediate blower 
speed position to notice the force of the airflow 
coming from the instrument panel center outlets 
and the sound of the blower. 
- Both should reduce noticeably at each 

intermediate step. 
8. Pull and push both vent control knobs under the 

steering column. The com:sponding vent outlet 
valves under the instrument panel should open 
and close. 

When either knob is pusbed in to close the 
valve, the knob should have a springy 
•cushion• feel travel of at least 1 mm (0.04 
inch) when fully depressed. This assures full 
closure of the valve. 

HEATER OUTPUT TEMPERATURE CJ-IECK 
The heat output of the heater system can be 

checked with the following procedure. 

Preparation 
With the engine sufficiently cool, the radiator cap 

should be removed and the engine started and allowed 
to idle. Heater controls should be set to •HEATER" 
mode, full "HOT" temperature and "HI" blower 

. speed. When coolant flow in the radiator is visl'ble 
through the filler neck. the radiator cap should be 
installed. 

Temperature Check 
When the engine is wanned up (after 

approximately 20 minutes of operation), the vehicle 
should be driven. An accurate thermometer should be 
used to determine the temperature of the outside air 
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and the temperature of the air discharged at the floor 
outlets with the vehicle being driven at 48 km/h (30 
mph). Minimum acceptable heater output 
tempera~ at four different outside air temperatures 
are shown in Figure 8. 

OUTSIDE AIR -1a·c -••c 1o•c 24"C 
TEMPERATURE IO•FJ 125°Fl 150°Fl (75°FJ 

HEATER AIR 54•c ss•c 64°C aa•c 
TEMPERATURE• 1130"FJ (139°F) 1147°FJ 1155•f1 

•Tempe,ature at floor-level heater outlet, controls at "HI" 
biowtlf, "HEATER" mode end full ' 0HOT, •• engine et operating 
templlralunl and vehicle speed of 48 km/h 130 mph). 

Kc:0070.1 A-8-IIP 

Figure 8 - Heater Ou~ut Temperan.ire Chart 

Minimum acceptable heater output temperatures 
for outside air temperatures other than those shown in 
Figure 8 can be approximated by using the Fahrenheit 
scale and rounding off the outside air temperature to 
the nearest S' For every additional S' of outside 
temperature, an additional 1.~ of heater output 
temperature should be allowed when the outside 
temperature is below SO"F. An additional 1.6" of heater 
output temperature should be allowed for every S' of 
outside temperature when the outside temperature is 
above SO"F. 

INSUFFICIENT HEATING OR DEFROSTING 
The most likely causes of insufficient heating 

outside the heater system include a low coolant level, 
a faulty thermostat, a partially or fully clogged heater 
core or hose, an obstruction to air circulation ( often 
under the front seat) or an air leak past a faulty seal 
into the passenger compartment. For an organiud 
diagnosis procedure, refer to Figures 9 and 10. 

IMPROPER AIR DELIVERY 
If the functional test or other diagnosis indicates 

impropeJ' air delivery or a failure to shift modes when 
the mode lever is moved, slide the mode lever sharply 
to both extremes of the slot in the control assembly dial 
to activate the self-adjusting feature of the cables. Then 
cycle the mode lever through all mode positions with 
a normal effort a few times to determine whether the 
cable adjustment corrected the problem. 

If the problem remains, check the attachment of 
the affected control cable at the heater module. Be sure 
the sliding clip at the cable end is connected to the 
crank pin and is retained by the push nut retainer. If 
the cause of the problem is not discovered, disconnect 
the control cable and, check the travel or the air valve 
and the effort required to move it. Also be sure the cliP. 
on the cable end docs not slide so easily it would fail 
to hold the adjustment. 

With the control cable disconnected at the heater 
module. check control cable movement at the 
disconnected end while moving the mode lever. If the 
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cable end does not move, check for a broken cable or 
control assembly part and for an unattached cable end 
at the control assembly. Also check for a sharp kink in 
the cable sheath that could cause severe binding. 

HIGH OR LOW HEATER CONTROL EFFORT 
A kinked control cable. a binding valve or a faulty . 

control assembly are possible causes of excessive 
control lever effort. For an organiud diagnosis 
procedure and an effective •m• for too little heater 
control effort, refer to Figure 11. 

BLOWER NOISE 
A constant air rush noise is typical of all heater 

systems when operating on •m• blower. Some systems 
and modes may be worse than others. If possible. check 
a similar vehicle to determine whether the noise is 
typical or excessive. For diagnosis of excessive blower 
noise, refer to FtgURS 12 and 13. 

EXCESSIVE HEAT 
F,gUffl 14 

For an organiu:d procedure to diagnose the cause 
of excessive heat, refer to Figure 14. 

ON-VEHICLE SERVICE 
ADJUSTMENTS AND REPAIRS 

Control Cable Adjustment 
The vent control cable. defroster control cable 

and temperature control cable are connected at the 
heater module to the air valve that each cable operates. 
The control cable end is attached to the air valve crank 
arm by a self-adjusting clip that grips the cable core 
firmly. If the clip is out of adjustment, it can be made 
to slide on the cable to the correct position by applying 
moderate force with the air valve seated at one extreme 
of its travel. 

Adjustment can be accomplished by moving the 
mode lever (to adjust the vent control cable or defroster 
control cable) or temperature lever (to adjust the 
temperature control cable) briskly back" and forth to 
both extremes of lever travel in the slot in the control 
assembly dial. When the cable is properly adjusted, the 
air valve may be heard hitting its stop at both extremes 
of travel. · 

REPLACEMENT PROCEDURES 

Control Assembly and Blower Switch 
Figww 3, 15 and 16 

EJ Remove or Disconnect . 

1. Radio and heater control console trim plate 
retaining screws (34). 

2. Radio and heater control console trim plate (35). 
3. Control assembly retaining screws (33). 
4. control assembly (2). 

• Pull the control assembly (2) out far enough 
to reach the control cable ends and the 
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Figure 9 - Insufficient Heating or Defrol(ing Diagnosis (1 of 2) 
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INSUFFICIENT HEATING OR DEFROSTING (Continued) 
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VERIFY SYMPTOMS. 

"Ht 
E 

uc 

WITH THE BLOWER ON 
GH," MOVE THE TEMP

RATURE LEVER FROM -
FULL "Hor· TO FUU 
OLD" AND LISTEN FOR 
AIRFLOW CHANGE. 

I 

NO 
C 

AIRFLOW 
HANGE. 

AIRFLOW CHANGE. 

Ct1 ECK THE TEMPER

AOJ 
ATURE VALVE 

USTMENT, CABLES, 
TROL, LINKAGE AND 
USTTOFUU "HOT." 

CON 
ADJ 

CHECK FOR SYSTEM 
OBSTRUCTION 
BElWEEN :rHE 

BLOWER AND THE 
SYSTEM OUTLETS. 

Figure 1 O • Insufficient Heating and Defrosting Diagnosis (2 of 2) 



1Ar10 .HEATER SYSTEM 

HEATER CONTROL EFFORT 

CHECK HEATER 
CONTROL EFFORT. 

I 
I 

I EXCESSIVE EFFORT. PROPER I I EFFORTTOOLOW. VALVE I 
EFFORT. MOVES ON HIGH BLOWER. 

I 
I NO CONTROL PROBLEM. I 

CHECK CABLES FOR ROUTING, -KINKED CABLES, REPLACE CABLE WITH A LONGER 

WIRING INTERFERENCE OR OTHER INSTRUMENT CABLE AND ADD A LOOP TO THE 

PANEL INTERFERENCE. CABLE ROUTING TO INCREASE 
CONTROLEFFORT.CMECK 

l INSTRUMENT PANEL 
INTERFERENCES 

PROBLEM NOT FOUND. l PROBLEM FOUND. I WITH NEW CABLE ROUTING TO 
INSURE PROPER OPERATION. 

REMOVE CABLE REPAIRAS 
FROM VALVE(S) NECESSARY. 

CAUSING BINDING 
AND CYCLE VALVE(S) 
MANUAU Y. CHECK 

FOR VALVE BINDING. 

I 
I NO VALVE BINO. l I VALVE BINDS. 

I 
CHECKVALVESEAL TO 

CHECK FOR INSURE PROPER SEAL 
CONTROL BINDING. INSTALLATION. 

I 
I I l 

I CONTROL BINDS.l NO CONTROL I GOOD SEAL. I SEAL CAUSES BINDING. I 
BIND. I 1 

REMOVE CABLE(S) AND REINSTALL AND REPAIR AS NECESSARY. I 
RECHECK CONTROL RECHECK CLEAR-

FOR BINDING. ANCES TO DASH I 
COMPONENTS. CHECK TEMPERATURE VALVE 

FOR SHAFT ALIGNMENT, BENT 
I SHAFT OR VALVE, WARPED CASE. 

I CONTROL BINDS.l NO CONTROL BIND. REPAIR AS NECESSARY. 

I 

I REPLACE 1 REPLACE CABLE(S). 
CONTROL. 

K 1 1A-II-RP 

Figure 11 - Heater Control Effort Diagnosis 
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BLOWER NOISE 

CHECK ALL ELECTRICAL CONNECTIONS ANO GROUNDS FOR PROPER CONNECTIONS. tF IN 
DOUBT, USE A VOLTMETER TO CHECK FOR CONSTANT VOLTAGE AT THE BLOWER MOTOR. 

SIT IN THE VEHICLE WITH THE DOORS AND WINDOWS CLOSED. WITH THE IGNmON "ON" 
AND THE ENGINE OFF, START THE BLOWER ON "HIGH,., IN "VENT" MOOE AND THE 

TEMPERATURE LEVER ON FULL "COLD." CYCLE THROUGH BLOWER SPEEDS, MODES AND 
TEMPERATURE VALVE POSITIONS TO FIND WHERE THE NOISE OCCURS AND WHERE 

THE NOISE DOES NOT OCCUR. TRY TO DEFINE THE TYPE OF NOISE: AIR RUSH, WHINE, 
TICK/CLICK, SQUEAUSCREECH, FLUTTER, RUMBLE OR SCRAPE. CHECK ANOTHER 

VEHICLE IF POSSIBLE (SAME MODEL) TO DETERMINE IF THE NOISE IS TYPICAL. 
I 

I I I 

NOISE IS CONSTANT BUT NOISE IS ONLY AT START.UP NOISE IS CONSTANT AT HIGH 
LESSENS WITH BLOWER OR IS INTERMITTENT. MAY BLOWER SPEEDS IN CERTAIN 

SPEED REDUCTION. OCCUR AT COLD AMBIENTS MODES BUT CAN BE EUMI-
TYPICAL NOISES ARE AND LOW BLOWER SPEEDS. NATED AT LOWER BLOWER 
WHINE, TICK/CLICK, TYPICAL NOISE IS AN OBJECT- SPEEDS OR IN OTHER MODES. 

FLUTTER OR SCRAPE. IONASLE SQUEAUSCREECH. TYPICAL NOISES ARE 

I FLUTTER OR RUMBLE. 

I REF.EB TO . .FJGURE.12. 

CHECK FOR MOTPR AND_ FAN VIBRATION AT EACH I 
BLOWER SPEED BY FEELING THE BLOWER ARMATURE. 1 

I 
I I 

NO EXCESS VIBRATION. I I VIBRATION EXCESSIVE. 

I 
REMOVE BLOWER MOTOR AND FAN 

ASSEMBLY AND CHECK FOR 
FOREIGN MATERIAL AT THE 

ORIFICE OF THE BLOWER INLET. 
I 

I I 

PROBLEM I 
FOUND. 

I PROBLEM I 
STILL EXISTS. I 

I 
REPAIR OR EXAMINE BLOWER FAN FOR WEAR 

REPLACE AS SPOTS·, CRACKED BLADES OR 
NECESSARY HUB, LOOSE FAN RETAINING 

AND RECHECK. NUT AND ALIGNMENT. EXAMINE 
BLOWER CASE FOR WEAR SPOTS. 

I 
I 

I PROBLEM STILL EXISTS. f I PROBLEM FOUND I 
I I 

I LUBRICATE MOTOR. REPAIR OR 
I AEPLACEAS 
I . 

NECESSARY I PROBLEM I I PROBLEM 
STILL EXISTS. FOUND AND RECHECK. 

I 
I CONTINUED I 

,l 
KCOtt~tA-IMIP 

Figure 12 ~ Blower Noise Diagnosis (1 of 2) 
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BLOWER NOISE (Continued) 

CONTINUED I NOISE IS CONSTANT AT HIGH . 
I BLOWER SPEEDS IN CERTAIN. 

I REPLACE MOTOR AND FAN I MODES BUT CAN 
BE ELIMINATED AT LOWER ASSEMBLY ANO RECHECK. BLOWER SPEEDS OR IN 

I 
OTHER MODES. I 

PROBLEM PROBLEM 
I FOUND STILL EXISTS. 

I 
IF NOISE IS A CLICK/TICK OR 
WHINE, TAY A SECOND NEW 

MOTOR. 
I 

I 

PROBLEM I 
FOUND 

I PROBLEM I 
STILL EXISTS 

I I REINSTAU ORIGINAL! 
MOTOR. 

I 

ON "HIGH" BLOWER, CHECK 
FULL "HOT" TO FUU "COLD" 
TEMPERATURE POSITIONS 
IN "DEFROST," "HEATER" 

AND "VENT" MODES. 
I 

I I I 

NOISE IN ALL NOISE IN NOISE ONLY NOISE ONLY 
MODES AND ALL MODES IN "DEFROST" IN "VENT'' 

INAU BUT NOT ALL OR "HEATER" MOOE. 
TEMPERATURE TEMPERATURE MODE. 

POSITIONS. POSITIONS. I I I 
CHECK SYSTEM CHECK TEMPERA- CHECK DUCTS FOR CHE'CK CUCTS FOR 
FOR OBSTRUC- TUREVALVE OBSTRUCTIONS OR OBSTRUCTIONS 

TIONS OR FOREIGN' SEALS: REPAIR FOREIGN MATERIALS ORFOREJGN 
MATERIALS BE- OR REPLACE AS AND REMO'(E. CHECK MATERIALS AND 

TWEEN THE FAN · NECESSARY ANO HEATER/DEFROSTER REMOVE. CHECK 
AND THE TEMPER- RECHECK. VALVE SEALS. VENTVALYE 

ATURE VALVE. REPAIR OR REPLACE SEALS. REPAIR 
REMOVE, REPAIR AS NECESSARY AND QA REPLACE AS 
OR REPLACE AS RECHECK. NECESSARY AND 
NECESSARY AND RECHECK. 

RECHECK. 

KC01Z0.1 

Figure 13 - Blower Noise Diagnosis (2 of 2) 



"HEATER" UODE. 

ADJUST THE HEATER CON
TAOLS TO "HEATER" MOOE. 

" HIGH'" BLOWER SPEED 
AND FULL "HOT." 

WITH THE IGNITION 
SWITCH "ON," CHECK 
THE AJflFt.aW OUT OF 
THE HEATER OUTLET 

AND DEJIAOSTER 
OUTL!T. 

PROPER 
AIRFLOW. 

TOO MUCH 
DEFROSTER BLE ED l 

CHECK 
BLOWER 
SPEEOS 

FDA 
AIRFLOW 
CHANGE. 

PROPER 
SPEED 

CHANGE. 

VE 
CHECK THE 

DEFROSTER VAL 
ADJUSTMENT.CAB 

CONTAOLAND 
LINKAGE ADJUST 

REPAIA AS REOUIR 

NO 
SPEED 

CHANGE 

LE. 

OR 
ED 

CHECK THE TEM• 
PERATURE VAL VE 

ADJUSTMENT. CABLES 
ANDUNKAGE 

ADJUST TO FULL 
"COl.D ... CHECK FOR 

FULL "HOT." 

CHECK BLOWER 
SWITCH. 

RESISTOR 
ASSEMBLY 

ANOWIR1NG 
HARNESS 
REPAIR AS 

NECESSARY 

EXCESSIVE HEAT 

OBJECTIONABLE 
8LE£D. 

CHECKFOA 
SYSTEM CASE 

LEAKS. 
CHECK HEATER 

OUTLET 
ATTACHMENT 

I 

WITH THE IGNITION 
SWITCH " OFF." MOVE THE 
TEMPERATURE LEVER TO 

FULL "HOT ... THEN RAPIDLY 
TO FULL "COLD •• USTEN 

FOR VALVE SLAM BEFORE 
THE ENO OF CONTROL 

TRAVEL 

I I 

HEATER SYSTEM 1A-13 

I "VINT" MODE. I 
I 

1:w:::..1 
l 

WITKTHE ICINI-
TIONSWITCH 

"OFF," MOY& THE 
TEMPERATURE 
L.IVEATOFULL 

"HOT"THEN 
RAP1D1. Y TO FULL 
''COLD, .. LISTEN 
FOR VALVE SLAM 
BEFOAETHEEND 

OFOONTAOI. 
TRAWL 

I 

IPRO~~VEI ,NO~~, 
ADJUST THE CON- CHECK THE TEMPER-
TROLS TO " VENT" ATUREVALVE 

MODE " HIGH" BLOWER ADJUSTMENT. CAILES 
SPEED AND FULL AND LINKAGE. ADJUST 

"COLD." START THE TO FULL "C0l.D," CHECK 
ENGINE AND ALLOW FOA FUlL ''HOT." 

ITTOWAAMUP. REPAIR AS NECESSMY. 
WITH A THERMOMETER. 

CHECK THE AIR 
TEMPERATURE AT 

THE BLOWER INLET 
(COWL) AND AT THE 
VENT AIR OUTLET IN 

THE VEHICLE. IF 
THE TEMPERATURE 

DIFFERENCE IS: 

I 

I NO VALVE SLAM l I VALVE SLAM. I I s•c 11o•F) J I MORETHANs•c11o•F).I 

I I 
OR LESS. 

I I 
CHECK THE ADJUST THE 

1R~~AND1 
CHECK F0fl HOT AIR 

TEMPERATURE DEFROSTER AND LEAKS FROM THE ENGINE 
VALVE ADJUSTMENT. VENT VALVES TO SYMPTOMS. COMPARTUENTTOTHE 

CABLES ANO LINKAGE "VENT' MODE. BLOWER INLET. REPAIR 
ADJUST TO FULL AS NECESSARY. 

"'COLD"' CHECK FOR 
FULL " HOT '' 

Figure 14 - Excessive Heat Diagnosis 
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blower switch connector of the blower 
motor wiring harness (7). 

S. Blower switch connector. 
6. Control assembly lamp bulb (36) and sock.et. 
7. Temperature control cable push nut retainer (38). 
8. Temperature control cable (S). 

• Pull the temperature control cable clip from 
the control assembly (2). 

• Slip the temperature control cable loop off 
the pin. 

9. Vent control cable (3) and defroster control cable 
(4). 
• Observe the positions of the two cables for 

reference during installation. 
• Pull the vent control cable clip and the 

defroster control cable clip from the control 
assembly (2), 

• Tilt the control assembly (2) to slip the cable 
end loops off' the pins of the mode lever. 

10. Blower switch (39), if necessary. 
• Remove the blower switch knob (13) and 

the retaining clip from the shaft of the 
switch (39). 

• Remove the blower switch (39). 

IL!) Inspect 

• Electrical terminaJs · for corrosion. Remove the 
corrosion or replace the component as necessary. 

• Temperature and mode levers for freedom of 
movement. Lubricate, repair or replace as 
necessary. 

• Control cables (3, 4 and S) for kinks, binding and 
other damage. Adjust, repair or replace as 
necessary. 

~ Allembfa 
• Blower switch (39), blower switch knob (13) and 

retaining clip to the control assembly (2), if 
necessary. 

0 CONTROL ASSEMBLY 

§] SCREW 

~ SCREW 

e!} TRIMPLATE 

• If the control assembly (2) is to be replaced. 
transfer the blower switch (39), blower 
switch knob (13) and retaining clip to the· 
new control assembly (2). 

E3 lnitall or Connect 
NOTICE: See •Notice• on page lA-1 of this 
section for steps 7 and 9. - · 

1. Vent control cable (3) and defroster control cable 
(4). 

• Tilt the control assembly (2) and slip th~ 
cable end loops onto the pins of the mode 
lever. · 

• Press the vent control cable clip and the 
defroster control cable clip into the proper 
slots in the control assembly (2). 

2. Temperature controi cable (5). ·· 
• Slip the temperature control cable loop into 

position over the pin. 
• Press the temperature control cable clip into 

the slot- in the control assembly (2). 
3. Temperature control cable push nut retainer (38). 
4. Blower switch connector. 
5. Control assembly lamp bulb (36) and socket. 
6. Control assembly (2). 
7. Control assembly retaining screws (33). 

• Install the lower right screw (33) first to 
align the control assembly (2) properly. 

~ Tighten . 

• Screws (33) to 1.4 N·m (12 lb. in.). 
8. Radio and heater control console trim plate (35). 
9. Radio and heater control console trim plate 

retaining screws 04). 

~ Tighten 

• Screws (34) to 1.4 N·m (12 lb. in.). 
• Test the operation of the temperature lever, the 

mode lever and the blower switch (39). 

Figure 15 - Control Assembly Removed 



0 ~OWERSWITCH r's7 CAB~ 
CONNECTOR 

0
~ 

r:, 7 HARNESS 
~ TEMPERATURE 

CONTROL CABLE CUP ~ BLOWER SWITCH KNOB 

[£1 VENT CONTROLCAru e!) BULB 
CUP r:;::;, 

~ HARNESS @J DEFROSTER CONTROL r::, 
CAB~CUP ~ RETAINER 

0 COHTROLASSEMBLY e!] SWITCH 

0 CABLE 

0 CAB~ 
KC01I0-1M# 

Rgure 16 - Control Assembly Connecting Parts 

Control Assembly Lamp Bulb 
Figura 15 and 1 B 

E3 Remove or Disconnect 

1. Radio and heater control console trim plate 
retaining screws 04). 

2. Radio and heater control console trim plate (35). 
3. Control assembly retaining screws (33). 
4. Control assembly (2). 

• Pull the control assembly (2) out far enough 
to reach the control assembly lamp bulb 
socket. 

S. Lamp bulb (36) and socket. 
6. Bulb (36) from socket. 

• Pull the bulb (36) straight out from the 
socket. 

(L!Jlnapact 
• Control assembly lamp bulb socket for corrosion 

and damage. Clean or replace as necessary. 

·HEATER SYSTEM 1A-1& 

• W-ues for damage and secure connection to the 
bulb socket. Repair or replace as necessary. 

E3 Install or Connect 

NOTICE: See "Notice" on page lA-1 of this 
section for steps 4 and 6. 

1. New bulb (36). 
• Push the bulb (36) straight into the socket. 

2. Bulb (36) and socket. 
3. Control assembly (2). 
4. Control auembly retaining screws (33). 

• Install the lower right_ screw (33) first to 
align the control assembly (2) properly. 

~ Tighten 
• Screws (33) to 1.4 N•m (12 lb. in.). 

S. Radio and heater control console trim plat~ (35). 
6. Radio and heater control console tJ:im plate 

retaining screws (34). 

~ Tighten 
• Screws (34) to 1.4 N·m (12 lb. in.). 

• Test the operation of the control assembly lamp 
bulb (36). 

Left and Right Air Vent Cables 
Figura 6 and 17 through 19 

E3 Remove or Disconnect 

1. Left and right sound insulators. Refer to 
INSTRUMENT -PANEL, CLUSTER AND 
CONSOLE (SEC. SC). 
• If servicing only the left air vent cable, 

remove only the left sound insulator. 
2. Screws (41) attaching the cable(s) (26 and 27) to 

the steering column cover (40). 
3. Air vent cable(s) (26 and 27). 

• Disengage the cable clamp(s) at the vent 
duct(s) (28 and 29). 

• Disengage the Z-shaped cable cnd(s) from. 
the vent valve lever(s). · 

• 'Remove the air vent cahle(s) (26 and 27), 
noting the cable position for reference 
during installation. 

E3 Install or Connect 

• Place the cable(s) (26 and 27) into position under 
the instrument panel. 

1. Air vent cable(s) (26 and 21) at the vent duct(s) 
(28 and 29). 
• Engage the Z-sbaped cable end(s) to the 

vent valve lever(s). 
• Snap the cable clamp(s) into the slot of the 

bracket formed on the vent duct(s) (28 and 
29). 

NOTICE: See "Notice• on page lA-1 of this 
section. 
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2. Air vent cable(s) (26 and 27) and screws (41) ·at 
the steering column cover (40). 

~ Tighten 

• Screws (41) to 1.4 N ·m (12 lb. in.). 
3. Sound insulator(s). Refer to INSTRUMENT 

PANEL, CLUSTER. AND CONSOLE (SEC. 
SC.). 
• Test the operation of the cable(s) (26 and 

27). 

A 

0 AIR VENT CABLE KNOB 

~ STEERING COLUMN 

~ SCREW 

Figure 17 - Cabla Attachment at Steering Column 
Covar 

e!) CABLE 

e!] VENTDUCT 
K 1 1.A.F-RP 

Figure 18 - Cable Attachment at Left Vant Duct 

-
KC01S0.1 P 

Figure 19 - Cable Attachment at Right Vent Duct 

Vent Control Cable 

Figures 15, 16 and 20 

E3 Remove or Disconnect 

1. Right sound insulator. Refer to INSTRUMENT 
PANEL, CLUSTER AND CONSOLE (SEC. 
SC). _, 

2. Vent control cable (3) at the beater module (1). 
• Remove the push nut retainer ( 42) holding 

the cable self--1justing clip to the vent valve 
lever pin. 

• Disengage the cable clamp from the slot in 
the bracket on the heater module (1). 

3. Radio and heater control console trim plate 
retaining screws (34). · 

4. Radio and heater contr~l console trim plate (35). 
S. Control assembly retaining screws (33). · 
6. Control assembly (2). 

• Pull the control assembly (2) out far enough 
to reach the vent control cable connection. 

7. Vent control cable (3) at the control assembly (2). 
• Pull the vent control cable clip from the control 

2mCIDbly (2). 
• Tilt the control assembly (2) to slip the vent 

control cable end loop off the pin of the mode 
lever. 

8. Vent control cable. 

E3 Install or Connect 

NOTICE: See "Notice" on page lA-1 of this 
scetion for steps 3 and 5. 

1. Vent control cable (3) to the control assembly (2). 
• Tilt the control assembly (2) and slip the 

vent control cable end loop onto the pin of 
the mode lever. 

• Pns the vent control cable clip into the slot 
in the control assembly (2). 

2. Control assembly (2). 
3. Control assembly retaining screws (33). 

• Install the lower right screw (33) first to 
align the control assembly (2) properly. 

,~, Taghtin 

• Screws (33) to 1.4 N ·m (12 lb. in.). 
4. Radio and heater control console trim plate (35). 
S. Radio and heater control console trim plate 

retaining screws (34). 

~ Tighten 

• Screws (34) to 1.4 N • m (12 lb. in.) 
6. Vent control cable (3) at the heater module (1). 

• Fit the cable self-adjusting clip onto the vent 
valve lever pin. 

• Snap the cable clamp into the slot in the 
bracket on the heater module (1). 

• Install the push nut retainer ( 42) to the vent 
valve lever pin. 



0 SELF-ADJUfflNG CUP 

0 VALVE LEVER 

GJ MODULE 

0 CABLE 

(I] CASlE 

§] RETAINER 

HEAnR SYSTEM 1A-17 

Figure 20 - Vent and Defroster Control Cabla Attachments at Module 

7. Right sound insulator. Refer to INSTRUMENT 
PANEL, CLUSTER AND CONSOLE (SEC. 
8C). 

[l) Adjust 

• Vent control cable (3). Refer to • Control Cable 
Adjustment• in this section. 

' 
Defroster Control Cable 
Figura 15, r 6 and 20 

E3 Remove or Dilcon!'lact 

l. Left sound insulator. Refer to INSTRUMENT 
PANEL, CLUSTER AND CONSOLE (SEC. 
SC). 

2. Defroster control cable ( 4) at the heater module 
(1). 
• Remove the push nut retainer (42) holding 

the cable self-adjusting clip to the defroster 
valve lever pin. 

• Disengage the cable clamp from the slot in 
the bracket on the heater module (1). 

3. Radio _ and beater control console trim plate 
retaining screws (34). 

4. Radio and heater control console trim plate (35). 
5. Control assembly retaining screws (33). 
6. Control assembly (2). 

• Pull the control assembly (2) out far enough 
to reach the defroster control cable 
connection. 

7. Defroster control cable (4) at the control 
assembly (2). 
• Pull the defroster control cable clip from the 

control assembly (2). 

• Tilt the control assembly (2) to slip the 
defroster control cable end loop off the pin 
of the mode lever. 

8. Defrost.er control cable ( 4). 

E3 Install or Connect 

NOTICE: See •Notice• on page lA-1 of this 
section for steps 3 and 5. 

1. Defroster control cable (4) to the control 
assembly (2). 
• Tilt the control assembly (2) and slip the 

defroster control cable end loop onto the pin 
of the mode lever. 

• Pre&I the defroster control cable clip into 
the slot in the control assembly (2). 

2. Control assembly (2). 
3. Control assembly retaining screws (33). 

• Install the lower right screw (33) first to 
align the control assembly properly. 

~ Tighten 

• Screws (33) to 1.4 N ·m (12 lb. in.). 
4. Radio and heat.er control console trim plate (35). 
5. Radio and heater control console trim plate 

retaining screws (34). 
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~ Tighten 

• . Screws (34) to 1.4 N ·m (12 lb. in.). 
6. Defroster control cable (4) at the heater module. 

• Fit the cable self-adjusting clip onto the 
defroster valve lever pin. 

• Snap the cable clamp into the slot in the 
bracket on the heater module (1). 

• Install the push nut retainer ( 42) to the 
defroster valve lever pin. 

7. Left sound insulator. Refer to INSTRUMENT 
PANEL, CLUSTER AND CONSOLE (SEC. 
SC). 

~ Adjust 

• Defroster control cable ( 4). Refer to • Control 
Cable Adjustmen.t• in th.is section. 

Temperature Control Cable 
Figure, 16, 1 B and 21 

E3 Remove or Disconnect 

1. Right sound insulator. Refer to INSTRUMENT 
PANEL, CLUSTER, AND CONSOLE (SEC. 
SC). 

2. Cable cover ( 43). 
• Remove the cable cover screws (44) and the 

cable cover (43). 
3. Temperature control cable (5) at ihe heater 

module (1). 
• Remove the push nut retainer ( 42) holding 

the cable adjusting clip to the temperature 
valve lever pin.-

• Disengage the cable clamp from the slot in 
the bracket on the heater module (1). 

4. Radio and heater control console trim plate 
retaining screws (34). 

5. Radio and heater control console trim itlate (35). 
6. Control assembly retaining screws (33). 
7. Control assembly (2) . . 

• Pull the control assembly (2) out far enough 
to reach the temperature control cable 
connection. · 

8. Temperature control cable push nut retainer (38). 
9. Temperature control cable (5). 

• Pull the temperature control-cable clip frem 
the control usembly (2). .. 

• Slip the ·temperature control cable loop off 
the pin. 

E3 Install or Connect 
NOTICE: See •Notice• on page lA-1 of this 
section for steps 3, 5 and 7. 

1. Temperature control cable (5) to the control 
assembly (2). · 
• Slip the temperature control cable loop into 

position over the pin. 

• Pres., the temperature control ·cable clip into 
the slot in the control assembly (2). 

2. Temperature control cable push nut retainers 
(38). 

3. Control assembly retaining screws (33). 
• Install the lower right screw (33) ,first to 

align the control assembly (2) properly. 

~ Tighten 

• Screws (33) to 1.4 N·m (12 lb. in.). 
4. Radio and heater control console trim plate (35). 
S. Radio and heater control console trim plate 

retaining screws (34). 

~ Tighten 

• Screws (34) to 1.4 N ·m (12 lb. in.). 
6. Temperature conq-ol cable (5) at the heater 

module (2). 
• Fit the cable self-adjusting clip onto the 

temperature valve lever pin. 
• Snap the cable clamp into the slot in the 

bracket on the heater module (1). 
• Install the push nut retainer ( 42) to the 

temperature valve lever pin. 
7. Cable cover (43) and cable cover screws (44). 

~ Tighten 

• Screws (44) to 2.0 N·m (18 lb. in.). 
8. Right sound insulator. Refer to INSTRUMENT 

PANEL, CLUSTER AND CONSOLE (SEC. 
SC). 

Ill Adjust 

• Temperature control cable. Refer to •Control 
Cable Adjustment" in this section. 

Blower Motor Resistor Assembly 
FlgurN 2 and 22 

E3 Remove or Disconnect 

• Remove the key from the ignition switch to . 
assure that the switch will remain "OFF." 

1. Heater wiring harness connector at the blower 
motor resistor assembly (22). 

2. Resistor assembly retaining screws (23). 
3. Blower motor resistor assembly (22). 

E3 lnll'tall or Connec1 

NOTICE: See •Notice" on page lA-1 of th.is 
section. 

1. Blower motor resistor assembly (2.2) and 
retaining screws (23). 

~ Tighten 

• Screws (23) to 2.0 N·m (18 lb. in.). 
2. Heater wiring harness connector. 
• Test blower motor operation at all three speeds. 



Blower Motor and Fan 
Flgum 23 and 24· 

E3 Remove or Disconnect 
• Remove the key from the ignition switch to 

~ure that the switch will remain •oFF.• 
1. Heater wiring harness connectors at the blower 

motor power and ground~-
2. Blower motor cooling tube (51). 
3. Blower motor attaching sercws (50). 
4. Blower motor (6). 

• Pull the blower motor (6) straight forward 
out of the blower assembly (8). 

[L!f 1n1pect 

• Blower motor terminals for corrosion. Clean 
. corrosion from the terminals or replace the 
blower motor (6), as necessary. 

• Flange of 'the blawer motor (6) for damage or 
distortion that could cause an air leak. Repair as 
necessary. 

• Blower fan for damage and distortion. Repair or 
replace as necessary. 

E3 Install or Connect 
1. Blower motor (6). 

• Guide the blower motor (6) into position, 
being careful not to catch the fan on the 
edge of the opening in the blower assembly 
(8). 

~ SELF-ADJUSTING CLIP 

[!] VALVE LEVEFI 

[!] MODULE 

[!] CABLE 

~ RETAINER 

~ COVER 

~ SCREW 

HEATER SYSTEM 1A-19 

2. Blower motor attaching screws (50). 
3. Blower motor cooling tube (51). 
4. Heater wiring harness connectors at the blower 

motor power and ground terminals. 
• Test blower operation. 

[!] BLOWER ASSEMBLY 

~ RESISTOR ASSEMBLY 

~ SCREW 

Figure 22 - Resistor Assembly Removed 

KC0210-1 

Figure 21 - Temperature Control Cable Attachment at Module 
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0 GROMMET 

0 BLOWER MOTOR POWER 
TERMINAL 

@] BLOWER MOTOR GROUND 
TERMINAL 

~ BLOWER SWITCH 
CONNECTOR 

0 MOTOR 

0 HARNESS 

~ RESISTOR ASSEMBL V 

~ WASHER 

~ SCREW 

~ NUT 

-

Figure 23 - Heater Wiring Harness 



Heater Wiring Ham111 
Figura 16, 1B and 23 

E3 Remava or Disconnect 
1. Battery ground ·cabte. 
2. Heater wiring harness connectors at the blower 

motor resistor assembly (22), blower motor 
power terminal and blower motor ground 
terminal. 

3. Screw (48), washer (47) and wiring harness 
ground wire at the dash panel. 

4. Nut (49) and wiring harness retaining clip. 
5. Radio and heater control console trim plate 

retaining screws (34). 
6. Radio and heater control console trim plate (35). 
7. Control assembly retaining screws (33). 
8. Control assembly (2). 

• Pull the control assembly (2) out far enough 
. to reach the blower switch connector. 

9. Blower switch connector. 
• Tie a pull cord to the blower switch 

connector of the heater wiring harness (7) 
to aid installation. 

• Tie a pull cord to the instrument panel 
wiring harness power feed connector to aid 
installation. 

10. Instrument panel wiring harness power feed 
connector. 

11. Heater wiring harness (7). 
• From the engine compartment, carefully 

work the heater wiring harness grommet 
free from the dash panel. 

• Carefully pull the heater wiring harness (7) 
through the dash panel into the engine 
compartment. 

• Untie the pull cord from the blower switch 
connector and remove the heater wiring 
harness (7). 

~ Clean 
• Original sealer from. the heater wiring harness 

grommet and the hole in the dash panel. 

0 MOTOR 

[!] BLOWERASSEMBLY 

~ SCREW 

~ COOLING TUBE 

Rgura 24 • Blower Motor and Fan Removed 
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IL!) inspect 

• Connectors for corrosion, loose terminals and 
other damage. Clean, repair or replace as 
necessary. .. 

• Exposed wires for cracked insulation, broken 
strands and other damage. Repair or replace as 
necessary. . 

• W'trlng harness loom for breaks and other signs. 
of major damage. Replace if necessary. 

E3 Install or Connect 

NOTICE: See •Notice• on page lA-1 of this 
section for steps 3, 4, 8 and 10. · 

• From the engine compartment, tie the pull cord 
to the blower switch connector of the new or 
repaired heater wiring harness (7). 

• Work the pull cord, blower switch connector and 
rear ponion of the wiring harness (7) through the 
dash panel and into the passenger compartment . 

1. Wiring harness grommet. 
• Apply fresh approved sealer to the 

grommet. 
• Press the grommet firmly in place in the 

dash panel 
2. Heater wiring harness connectors at the blower 

motor resistor assembly (22), blower motor 
power terminal and blower motor ground 
terminal 

3. Washer (47), wiring harness ground wire 
connector and screw ( 48) at the dash panel. 

,~, Tightan 

• Screw (48) to 4.8 N•m (42 lb. in.). 
4. Wiring harness retaining clip and nut ( 49). 

(~f Tlghtan 

• Nut (49) to 10 N ·m (89 lb. in.). 
5. Instrument panel wiring harness power . feed 

connector. 
• Pull the power feed connector to an . 

accessible position with the pull cord. 
• Pull the heater wiring harness blower 

switch connector to an access10le position 
with the pull cord. 

• Connect the instrument panel wiring 
harness power feed connector to the heater 
wiring harness connector. 

• Untie and discard both pull cords. 
6. Blower switch connector. 
7. Control assembly (2). 
8. Control assembly retaining screws (33). 

• Install the lower right screw (33) first to 
align the control assemblY: (2) properly. 

(~I Tighten 
• Screws (33) to 1.4 N ·m (12 lb. in.). 

9. Radio and heater control console trim plate (35). 
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10. Radio and heater control console trim plate 
retaining screws (34). 

~ T1ghtan 

• Screws (34) to 1.4 N • m (12 lb. in.). 
11. Battery ground cable. 
• · Test blower motor operation at all three speeds. 

Air Distributor and Center Air Outlet Duct 
Refer to INSTRUMENT PANEL, CLUSTER 

AND CONSOLE (SEC. SC). 

Floor Air Outlet Duct 
Refer to INSTRUMENT PANEL, CLUSTER 

AND CONSOLE (SEC. SC). 

Side Window Defogger Ducts 
Refer to INSTRUMENT PANEL, CLUSTER 

AND CONSOLE (SEC. SC). 

Air Deflectors 
A heater air deflector can be removed by prying 

on one side of the deflector with a small thin-blade 
screwdriver to pop it out The deflector can be installed 
by pressing it into place. 

Heater Hoses and Pipes 
Figure, 26 and 28 

The heater core inlet and outlet tubes extend 
forward from the dash panel next to the heater module. 

~ INLETTUBE 

~ OUTLET TUBE 

~ INLET HOSE • 

~ OUTLET HOSE .. , A 
~ PIPE 

~ PIPE 

I!!) SCREW 

I!!} CLAMP 

~ ().fUNG 

The heater core inlet tube is to-the ·nght of the heater 
core outlet tube. 

On the 2.SL V6 engine, the heated coolant supply 
for the heater comes from a fitting at the front of the 
lower inlet manifold, just below the throttle body .air 
inlet A pipe (65) from the fitting extends across the 
front of the engine and connects to a heater inlet hose 
(62) that leads to a pipe (64) mounted on the right side 
rail in the engine compartment. The rear end of the 
pipe (64) is connected to a short inlet hose (62) that 
leads to the heater core inlet tube. The fitting on the 
pipe (65) across the front of the engine has two hose 
nipples that . connect to short inlet and outlet hoses 

. which heat the fuel injection system throttle body air 
inlet 

On VS engines, the heated coolant supply for the 
heater comes from a fitting at the rear of the intake 
manifold of the L03 engine widl throttle body fuel 
injection, or from the right side of the throttle body air 
inlet of the LB9 and L98 engines. The. LB9 and L9S 
engines have a long heater inlet hose (62) from the 
heater core inlet tube to a short L-shaped pipe (67) and 
a short hose that connects to the throttle body titting. 
The L03 engine has a short inlet hose (62) that 
connects the intake manifold fitting directly to the 
heater core inlet tube. 

On all engines, the heater core outlet tube 
discharges coolant to a short heater outlet hose (63) 
that is connected to a pipe (64 or 66) mounted on the 
right side rail in the engine compartment. On the V6 
engine, the forward end of the pipe (64) is conn~ 
to an outlet hose (63) that crosses m front of the engme 
and feeds the coolant into the engine coolant pump. On 

Figure 25 - Heater Hoses and Pipes (V6 Engine) 



VS engines, the forward end of the pipe (66) on the side 
rail is connected to an outlet hose (63) that feeds the 
coolant into the right tank of the radiator (70). 

The hoses are attached at each end with a 
screw-type cJamp (69). 

E3 Remove or Disconnect 
1. Engine coolant. 

• Drain enough coolant into a clean container 
to lower the coolant levd below the Jevd of 
the lowest heater hQSe fitting. 

NOTICE: The heater core can be damaged · if 
excessive force is applied on the core tubes during 
hose removal. 

2. Inlet hose (62) and outlet hose (63). 
• Loosen the clamp SCieWS enough to slide the 

clamps (69) away from the fittings and 
beyond the end of the fitting. pipe (64, 65, 
66 or 67) or tube. 

• Remove the inlet hose (62) or outlet hose 
(63) end by twisting and pulling. If the hose 
will not come off the heater core inlet tube 
or outlet tube easily with this method, cut 
off the hose forward of the heater core tube. 
Then cut the h~ remaining on the core 
tube lengthwise to remove it. 

3. Pipe(s) (64 or 66) from side rail, if necessary. 
• Remove the retaining screws (68) from the 

pipe retainer and remove the pipe (64 or 66) 
and retainer as an as.wnbly. 

4. Front pipe (65) (V6 engine), if necessary. 
• . Disconnect the two throttle body heater 

hoses at the front pipe connector. 
• Disconnect · the front pipe connector and 

diseard the 0-ring (71 ). 
• Remove the pipe attaching screw at the rear 

of the generator bracket and remove the 
pipe (65). 

E3 lnatall or Connect 
NOTICE: See •Notice• on page lA-1 of this 
section for steps 1 through 3. 

1. Front pipe (65) to _the V6 engine, if removed. 
• Loosely install the pipe attaching screw 

holding the pipe to the rear of the generator 
bracket. 

• Using a new 0-ring, (71), loosely install the 
pipe connector to the fitting in the lower 
inlet manifold. 

,~, Tighten 

• Pipe connector nut to 23 N · m (17 lb. 
ft.) while holding the fitting with a 
second wrench. 

• ~pe attaching screw to 10 N ·m (89 lb. 
m.). 

• Connect the two throttle body heater hoses ta the 
nipples on the pipe connector. 

HEATER SYSTEM. 1A-23 

2. Pipe(s) (64 or 66) to the side rail, if removed. 
• Loosely install the pipe(s) (64 or 66) with 

the retaining screws (68). 

~ Tighten 

• Screws (68) to 1.4 N ·m (12 lb. in.). 

3. Heater hose(s). 
• Cut the replacement hose(s) to the same 

length as the original hose(s). 
• Apply rubber lubricant to the inside 

diameter of the hose(s), if desired. 
• Slip a new hose clamp (69) over one end of 

the heater hose and push the hose onto the 
pipe (64, 65, 66 or 67) or titting with a 
twisting motion. The hose end should be 1.0 
mm (0.04 inch) away from touching the 
nearest surface (dash panel,· fitting hex 
head, etc.). 

• Install the clamp (69) beyond any bead 
around the pipe (64, 65, 66 or 67) or fitting, 
but not closer than 3.0 mm (0.12 inch) to 
the nearest surface (dash panel, fitting hex 
head, etc.) 

~ Tightan 

• Clamp screw to 1.7 N,m (15 lb. in.). 
• Repeat the hose and clamp installation 

procedure at the other end of the hose. 
4. Engine coolant. 

• Use the coolant drained earlier only if it is 
UDCOJ1taminated. Discard contaminated 
coolant and add fresh 50/50 coolant and 
water mixture. 

IL!J tnspect 

• Be sure the installed hose does not sag or rub 
against other components. Adjust or support the 
hose as necessary to correct the hose position. 

• Operate the engine and check the hose 
installation for leaks. Tighten the hose clamp 
screw a bit at a time if necessary to stop a leak. 

• Check the coolant levd ·after the engine has been 
warmed up. Add coolant as necessary. 

Heater Core 
r,gU/811 26 through 21 

E3 Remove or Diaconnect 

1. Engine coolant. 

• Drain enough coolant into a clean container 
to lower the coolant level below the levd of 
the lowest heater hose connection at the 
engine. 

NOTICE: The heater core (9) can be damaged if 
excessive force is applied on the core tubes during 
hose removal. 
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l:tl LD3 VS ENGINE 

III LS9 AND LBS vs ENGINES 

@] VS ENGINE WITH ENGINE OIL COOLER 

~ INLETTUBE 

l!l] OUTLET TUBE 

~ INLETHOSE 

~ OUTlET HOSE 

89 

I!!] PIPE 

~ PIPE 

~ SCREW 

I!!] CLAMP 

§) RADIATOR 

~ OILCOOLER 

Rgura 26 - Heater Hosea and Pipes (VB Engines) 
IC 



2. Heater inlet hose (62) and outlet hose (63) at the. · 
heater core tubes. · 
• Loosen the clamp screws enough to slide the 

clamps (69) beyond the end of the heater 
core tubes. 

• Remove the inlet hose (62) or outlet hose 
. (63) ends by twisting and pulling. If a hose 
will not come off the heater core tube easily 
with this method. and if it is ~l>le that 
the heater core (9) may be repairable, cut off 
the hose forward of the heater core tube. 
Then cut the hose remaining on the core 
tube lengthwise to remove it. 

3. Instrument panel. Refer to INSTRUMENT 
PANEL, CLUSTER AND CONSOLE (SEC. 
SC.). 

4. Console. Refer to INSTRUMENT PANEL, 
CLUSTER AND CONSOLE (SEC. SC.). 

5. Screws (79) from the top, bottom and right side 
flanges of the heater case. 

6. Heater case (75). 
7. Core shroud screws (80). 
8. Core shroud (76), heater core (9) and core 

mounting strap (77) as an assembly. 
9. Core mounting strap (77). 

10. Heater core (9) from the core shroud (76). 

E3 Install or Connect 
1. Heater core (9) and core mounting strap (77) to 

the core shroud (76). 
2. Heater core (9), core mounting strap (77) and 

core shroud (76) as an assembly to the interior of 
the heater module (1). 

• Carefully guide both heater core tubes into 
position at the holes in the dash panel. 

3. Core shroud screws (80). 
4. Heater case (75). 

• Replace the original heater case flange 
sealer with fresh sealer. 

[iJ MODULE 

0 HEATER CORE 

~ CASE 

~ SHROUD 

[!!} STRAP 

§) CLAMP 

§] SCREW 

~ SCREW 

HEATER SYfflM 1M5 

s. - Heater case flange mounting screws (79)._ 
6. Console. Refer to INSTRUMENT PANEL, 

CLUSTER. AND CONSOLE (SEC. SC). 
7. Instrument panel. · Refer to .. INSTRUMENT 

PANEL, CLUSTER AND CONSOLE (SEC. 
SC). 

NOTICE: See •Notice• on page lA-1 of this 
section. 

8. Heater inlet hose (62) and outlet hose (63) to the 
heater core tubes. 
• Apply rubber lubricant to the inside of the 

hoses, if desired. 
• Slip a new hose clamp (69) over the end of 

each hose and push the hose onto the heater 
core tube with a twisting motion. The hose 
end should be 1.0 mm (0.04 inch) away 
from the surface of the dash panel. 

• Install the clamp (69) beyond the bead on 
the end of the heater core tube, but not 
closer than 3.0 mm (0.12 inch) to the 
surface of the dash panel. 

l~I Tighten 
• Clamp screw to 1.7 N·m (15 lb. in.). 

9. Engine coolant. 
• Use the coolant drained earlier only if it is 

uncontaminated. Discard contaminated 
coolant and add fresh 50/50 coolant and 
water mixture. 

• Operate the engine and check for leaks at 
the heater core tubes. Tighten the hose 
clamp screw a bit at a time as necessary to 
stop a leak. 

• Check the coolant level after the engine has 
been warmed up. Add coolant as necesary. 

• Lower the hood. 

0.tA-P-8 

Figure 2.7 - Heater Core Removed 
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SPECIFICATIONS 

FASTENER TORQUE SPECIRCATIONS 

Con~ol Assembly Retaining Screws ··:······················:··:·········:·:·· .................... 1.4 N ·m (12 lb. !n-) 
Radio and Heater Control Console Tnm Plate Retaining~ ................. 1.4 N·m(12 lb. m.) 
Air Vent Cable Retaining Screws (at Steering CoJumn Cover) ........ - ........... 1.4 N·m (12 lb. in.) 
TCIDperature Control Cable Cover Screws ...................................................... 2.0 N ·m (18 lb. in.) 
Blower Motor Resistor Assembly Retaining Screws ...................................... 2.0 N•m (18 lb. in.) 
Heater Wiring Harness Ground Wire Connector Screw ............................... 4.8 N·m (42 lb. in.) 
Heater Wiring Harness Retaining Clip Nut .................................................... 10 N·m (89 lb. in.) 
Front Heater Pipe Connector Nut (LBS V6 Engine) ...................................... 23 N•m (17 lb. ft.) 
Front Heater Pipe Attaching Screw (at Generator Bracket. 

LBS V6 Engine) ............................................................................................ 10 N ·m (89 lb. in.) 
Heater Pipe Retaining Screws (at Right Side Rail) ....................................... 1.4 N·m (12 lb. in.) 
Heater Hose Clamp Screws ............................................................................. 1. 7 N • m (15 lb. in.) 

ELECTRICAL 

Fuses (in Fuse Block) 
Blower Motor (I.abelled •HrR-A/C•) ........................................................... 25 Amp. (White) 
Control Assembly Dial (Labelled •INST LPS") .................................................. 5 Amp. (Tan) 

Control Assembly Dial Lamp Bulb Number ............................................................................ 194 
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SECTION 18 

MANUALLY CONTROLLED AIR 
CONDITIONING 

The following •Notice• applies to one or more steps in the assembly procedure of componmts in this portion 
of the manual as indicat.ed at appropriate locations by the terminology: •NOTICE: See •Notice• on page lB-1 
of this section.• 

NOTICE: When fasteners are removed, always reinstall than at the same location from which they were 
removed. If a Cutener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Faatmen 
that are not reused, and those n:quiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 
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GENERAL DESCRIPTION 
OVERVIEW 
11g,,,., 1 thrpugh 3 

The · optional manually controlled air 
conditioning system deliven air that has been heat.eel 
or cooled and dehumidified for occupant comfort. It 
also provides ram air ventilation, power ventilation. 
windshield defrosting and side window defogging. 

27 
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~ ACCUMULATOR B BLOWER SWITCH 
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[!!] VACUUM HARNESS 

~ TEMPERATURE LEVER 

IC.COO II-NIP 

Figure 1 - Air Conditioning Module and Air Inlet 
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During most operating conditions, · flesh outside 
air ii drawn into f:he air conditioning module (9) by the 
blower (6). Addmonal outside air, called ram air, aJao 
may be forcc:d into the air conditioning module (9) by 
the forward movement ofthe·vehicle. 

W'rthin the air conditioning module (9), the air is 
pushed by the blower (6) through the evaporator (7). 
F.or air conditioning or defroat.er operating modes, the 
evaporator (7) is chilled almost to freezing by the 
engine-driven air conditioning refrigeration system. As 
a result, the evaporator (7) cools all of the air going 
through the air conditioning module (9). The cooling 
effect causes most of the moisture in the air to con.dense 
on the evaporator core fins and drain away, 
dehumidifying the air. 

From the evaporator (7), some or all of the air 
may pass through the heater (8) which is warmed by 
a flow of hot engine coolant. Any of the air which is 
not to be heated will bypass the heater (8) and be mw:d 
with the heated air before being guided to the proper 
air duct(s) for the selected operating mode. 

When the maximum air conditioning mode is 
selected, the flow of engine coolant through the heater 
(8) is shut off to prevent any heating of the airflow 
before it is discharged. MOit of the air entering the 
blower (6) during this mode is taken from inside the , 
passenger compartment where the air is likely to be 
much cooler than outside air in v.,:,:y hot weather. Only 
outside air is used in all other operating modes. 

For heater-only or ventilation modes, the 
refriferation system is shut off so cooling is not 
provided. The amount of heati)!g is governed by the 
proportions of the air directed through or around the 
core of the heater (8) in the same manner as with air 
conditioning. · 

The air conditioning control assembly (10) in the 
console gives the aperator a way to select the desired 
operating mode, air temperature and blower speed 
when the vehicle's ignition is on and the engine is 
running. 

IDENTIFICATION OF CYCLING CLUTCH 
ORIFICE TUBE ,econ TYPE SYSTEM 

The •eamaro• manually controllai air 
conditioning system is designated as a CCOT (cycling 
clutch orifice tube) system. This designation refers to 
two components of the refri&eration system. In this 
system, the compressor clutch is cycled on and off to 
control compressor operation and cause the evaporator 
to remain just above .freezing temperature for most 
efficient cooling without icing. 
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An orifice, or restriction, within the expansion 
tube is used to cause the refrigerant flowing through it 
to expand and vaporize inside the evaporator. When it 

vaporizes, the refrigerant absorbs heat and cools the air 
flowing past the evaporator core fins. The functions of 
the compressor clutch, the expansion tube and other 
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refrigeration system components are explained in more 
detail under 'Refrigeration System• in this section. 

CONTROLS 
Figures 1 through .. 6 

Three controls in the control assembly (10) allow 
a front seat occupant to operate the manually 
controlled air conditioning system. The control 
assembly (10) is in the console, just above the radio. 

Temperature Lever 
The temperature lever {13) is the lower horizontal 

slide lever in the air conditioning control assembly 
(10). The temperature lever regulates the temperature 
of the air being discharged into the p~ger 
compartment from the air conditioning system. The 
temperature lever (13) controls the position of an air 
valve • door• called the temperature valve (2) in the air 
conditioning module (9).. The temperature valve (2) 
governs the relative amounts of heated and unheated 
or cooled air mixed and then discharged from the air 
conditioning system. Full •HOT', full "COLD" or any 
intermediate temperature mixture can be selected. 

Mode Lever 
The upper slide lever, called the mode lever (12), 

regulates airflow from the outlets by controlling a 
vacuum switch that routes engme vacuum to four 
vacuum actuators at the air conditioning module (9). 
The mode lever (12) also controls an electrical switch 
that supplies power to operate the refrigeration system 
and the blower ( 6) for specific mode selections. 

A choice of seven operating modes can be selected 
by sliding the mode lever (12) in its horizontal slot in 
the control ~bly (10). From left to right, the seven 
modes are: 

"OFF" Mode 
When the mode lever (12) 1S m the "OFF" 

position, electrical power is not supplied to the 
refrigeration system or to the blower (5). A limited 
flow of ram air, caused by forward movement of the 
vehicle, may come from the defroster outlets, side 
window defogger outlets and floor air outlets. This is 
the only mode in which the·blower (6) does not operate. 

•MAX" Mode 
The "MAX"' position of the mode lever (12) 

provides maximum air conditioning. Electrical power 
is supplied to the blower ( 6) and the refrigeration 
system. Air from the p~ger compartment is mixed 
with a small amount of outside air as it enters the 
blower (6). After being cooled by the evaporator (7), 
the air is distnouted through the center and outboard 
instrument panel outlets. · 

In "MAX"', the system provides maximum 
cooling and variable blower speed. This is the only 
mode in which some air from the passenger 
compartment is recirculated through the air 
conditioning system. "MAX"' operation is useful in 
conditions of very high temperature and humidity, or 
in areas where the outside air may have an 
objectionable odor. 

•NORM" Mode 
The 'NORM" position of the mode lever (12) 

provides the normal air conditioning operating mode 
for most conditions. Electrical power is supplied to the 
blower (6) and the refrigeration system. Outside air is 
drawn in . and conditioned before being directed 
through the center and outboard instrument panel 
outlets. Blower speed may be varied. 

•BJ.LEVEL• Mode 
With the mode lever (12) in the "BI-LEVEL" 

position, electrical power is supplied to the blower (6) 
and the refrigeration system. Outside air is drawn in 
and conditioned. Then the airflow is split between the 
instrument panel outlets and the floor air outlets, with 
a small amount going to the defroster outlets and the 
side window defogger outlets. Blower speed may be 
varied. 

This air conditioning mode is useful if windows 
fog up on the inside during warm weather. 

"VENT" Mode 
With the mode lever (12) in the 'VENT" 

position, electrical power to the refrigeration system is 
cut off but the blower (6) will run as in the other 
operating modes. Outside air is delivered through the 
instrument panel outlets to ventilate the ~ger 
compartment. If preferred, the air may be warmed by 
setting the temperature lever (13) to the desired 
temperature. 

This is one of two "ECONOMY" modes, with 
the refrigeration system shut off to conserve fuel. 

•HEATER• Mode 
With the mode lever (12) in the "HEATER" 

position, the other •ECONOMY" mode, electrical 
power to the refrigeration system is cut off but the 
blower (6) will run. Most of the airflow is directed to 
the floor outlets with the small amount rP.IDaining 
being routed to the windshield defroster and the side 
window defogger outlets. Blower speed may be varied 
as in other operating modes. 

The "'HEATER" mode is the normal selection 
for cold weather operation unless the windshield must 
be cleared of heavy frost. 

"'DEFROST• Mode 
With the mode lever (12) in the •oEFROST" 

position, electrical power is sent to the blower (6) and 
the refrigeration system. When the outside 
temperature is above approximately 4°C ( 40°F), the 
refrigeration system will operate. This provides air that 
has been dehumidified before it is warmed to the 
desired temperature while passing through the heater 
(8). The dryer air absorbs moisture that might 
condense on the windshield more effectively than 
humid air. At lower temperatures, the air can be 
warmed but it will not be dehumidified. Because colder 
air cannot hold as much moisture, the added moisture 
removal is not necessary to assure efficient defrosting 
at colder outside temperatures. 

Most of the airflow is directed to the windshield 
defroster outlets, with a much smaller amount going to 
the floor outlets. The side window defogger outlets 
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receive the same air supply as in the 'HEATER• 
mode. Blower speed may be varied. 

Blower Speed Control 
W'rth the ignition switch· •oN•, the air 

conditioning blower (6) runs in all mode lever positions 
except •oFF•. Blower speed is controlled by a 
four-position blower switch (11) at the left side of the 
air conditioning control assembly (10). The blower 
switch (11) provides a choice of a low blower speed, 
two medium blower speeds and a high blower speed. 

Electrical power is routed from the air 
conditioning fuse (14) in the fuse block (IS) to the 
mode lever switch. The mode lever switch breaks the 
circuit when the mode lever (12) is in the •opp• 
position, and closes the circuit to the . blower switch 
(11) in all other mode lever positions. · 

When the blower switch (11) is in •Lo•, it closes 
a circuit to the blower resistor assembly (17) that 
routes the current through all three resistors. The 
resistance causes the blower (6) to run at a low speed. 

When the blower switch (11) is in either medium 
s~ position, it closes one of two circuits that bypass 
either one or two of the three resiston in the blower 
resistor assembly (17). As a result, the total resistance 
in the circuit is reduced and the blower (6) runs at 
faster speeds. . 

When the blower switch (11) is in •m•, it routta 
currerit to the; coil -of the blower relay (18). This 
energizes the relay (18), closing its contacts to send full 
battery· voltage to the blower (6). The full battery 
voltage is supplied ~!f a separate circuit that is 
protected by a fusil,le · (16). This separate power 
circuit is •hot• at all times and bas the capacity to 
handle the current demands of the blower (6) at high 
speed. 

The blower · circuit is completed to ground 
through the air conditioning harness and the engine 
harness to a terminal at the rear of the left cylinder 

head on all engines. Refer to ELECTRICAL 
DIAGNOSIS (SEC. BA). 

AIR DISTRIBUTION SYSTEM 

Rguru 2 through 4, 1 and 8 

Air enters the air conditioning module (9) where 
it may be cooled (for all air conditioning modes and the 
'DEFROST• mode) and then heated as necessary 
before being sent to the proper outlets for discharge 
into the passenRCr com~t. Within the air 
conditioning module (9), 811' valves (or • doors•) guide 
the airflow in ,apoose to the positions of the 
tcm~ture lever (13) and the mode lever (12) in the 
control assembly (10). · 

Vacuum System 

All air valves except the temperature valve (2) are 
controlled by engine vacuum stored in the vacuum 
tank (26) in the engine compartment. The vacuum is 
routed by a vacuum switch in the control usembly to 
any of four spring-loaded two-position vacuum 
actuators. One vacuum actuator is linked to each air 
valve. · 

The vacuum switch in the control assembly (10) 
is controlled by the mode lever (12). For each mode 
lever position, the vacuum switch will direct engine 
vacuum to specific hOICS and vent to normal air presure 
the remaining hoses. When a hose is vented to normal 
air pressure, the vacuum actuator's intcmal spring will 

· expand and hold the associated air valve in one 
position. When vacuum is routed to the hose, the force 
of the vacuum overcomes the internal spring pressure 
and moves the air valve to the opposite extreme of its 
travel In this way, the mode lever (12) positions the air 
valves for the selected operating mode. 



0 "HOT" IN RUN 

[!] "HOT" AT ALL TIMES ~ FUSE 

0 MODE LEVER SWITCH ~ FUSE BLOCK 

0 BLOWER E!] FUSIBLEUNK 

~ CONTROlASSEMBI y G flESISTORASSEMBL y 

B BLOWERSWITCH G!] RELAY 

Figure 8 - Blower Circuit 

Other Components 
Other components of the air distnbution system 

include the air inlet which supplies air to the system; 
the blower (6) which propels the air, the evaporator (7) . 
which cools the air when necessary; and the heater (8) 
which warms the air u necessary. The air inlet includes 
a two-position air inlet valve (1) which opens to the 
passenger compartment and allows some inside air to 
be recirculated through the air conditioning module in 
the •MAX• mode. For all other modes, the air inlet 
valve (1) remains closed so only outside air from the 
plenum just forward of the base of the windshield will 
be used by the air conditioning system. 

. The blower (6) draws air from the air inlet into 
the air conditioning module (9) and pushes it through 
the air° distribution system to the outlets. The 
evaporator (7), a part of the refrigeration system, cools 
the air from the blower (6) when operating in an air 
conditioning or defrosting mode. The heater (8) 
provides a way to warm the air downstream from the 
evaporator (7). 

The air distribution system also includes a large 
air distn"butor (32) and a floor air outlet duct (27). The 
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air clistnl,utor (32) provides windshield defrosting and. 
feeds ducts (31, 33, 38. and_ 39) that supply the center 
and outboard instrummt J)lllld outlets Uld the side 
window defogger outlets. The floor air outlet duct (27) 
supplies air to the two outlets in the side of the console.· 
Air moves through the -air distn1mtion system in the 
followmg way. 

Air Inlet Valve 
The first air valve in the air distribution system 

is the air inlet valve (1). The air inlet valve (1) is 
operated by the air inlet actuator (21). When closed, 
the air inlet valve (1) covers an opening in the air inlet, 
a short vc:rtical duct that connects the plenum at the 
base of the wiodslricld to the.blower intake. When the 
air inlet valve (1) is open, it allows inside air from the 
passenger compartment to be drawn in by the blower 
(6) and partially blocks the flow of outside air so only 
a slight amount (about 20 percent of the total airflow) 
can enter. Recin:ulatiog the cooled air inside the 
~ compartment when outside temperature is 
very high gives a faster cooldown to a more 
comfortable temperature. 

The air inlet valve (1) opens to recirculate inside 
air ODly during •MAX• air conditioning o . 
When any other operating mode (mcluding •~ 
selected, the air inlet valve (1) completely cloees off the 
opening in the air inlet so only fresh outside air is used. 

Blower and Evaporator 
In any OfC!BW18. mode except •opp•, the blower 

(6) draws in au from the air inlet and pushes it through 
the evaporator (7). When •DEFROST• or any air 
conditiODing mode is sc1ected. the air conditioning 
refrigeration system chills the core of the evaporator 
(7) to slightly above freezing ~ture. This cools 
the airflow and causes excess humidity to condense on 
the fins of the evaporator (7). The condensed moisture 
drips to the bottom of the case and drains out through 
a short hose that lets the water fall to the road below 
the vehicle. From the evaporator· (7), the air flows 
toward the temperature valve (2) and the heater (8). 

Temperature Air Valve and Heater 
The temperature lever (13) in the air conditioning 

control aaembly (10) is linked to the tc:mperature valve 
(2) by a tleD"ble control cable attached to a crank lever 
on the temperature valve shaft. The temperature valve 
(2) controls the tc:mperature of the air discharged from 
the air conditiODing system outlets by regulating the 
relative amo1111t of the total airflow from the 
evaporator (7) that is allowed to pass through the 
heater (8). The heated air is mixed with unheated air 
beyond the heater (8) to form a blend that _-has the 
desired temperature. 

When the temperature lever (13) ia in the full 
•cow• positi~ the temperature valve (2) ia held 
mugly apinst the air entrance to the heater (8). Thia 
causes all of the airflow from the evaporator (7) to 
bypass the heater (8) and there is no noticeable change 
in the air temperature. 

AB the tem~ture lever (13) is moved away 
from the •COLD positi~ the temperature valve (2) 
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moves away from the core of the heater (8) to allow 
some air to flow through the core. The farther the 
temperature lever (13) is moved to the right in its slot, 
the more the temperature valve (2) is turned away from 
the entrance to the heater (8) and the greater the 
airflow through the core. Heating a greater portion of 
the total airffow in this manner teSUlts in a warmer 
discharge of air from the air conditioning system 
oudets. 

When the temperature lever (13) is in the full 
"HOT' position at the right end of the slot in the dial 
of the control assembly (10), the temperature valve (2) 
blocks off the passage that allows air to bypau the 
heater (8) and causes all of the airflow to go through 
the heater (8) for maximum heating. 

To prevent any slight heating of the airtlow 
through the air distribution system when the 
temperature lever (13) is in the foll "COLD" position. 
a hot water valve in the heater inlet hose diverr.s the 
flow of warm coolant directly to the heater oudet hose, 
bypuaing the heater (8). This allowa the heater (8) to 
cool The hot water valve is controlled by the hot water 
valve vacuum actuator (20). When the temperature 
lever (13) is in any position other than foll "COLD", 
the hot water valve allows coolant to flow to the heater 
(8) for normal heating. 

Mode Air Valvaa 
After the heated and unheated airflows arc mixed 

beyond the heater (8), the combined airflow comes to 
the upper mode valve (3) and lower mode valve (4). 
These two air valves work in combination to control 
airflow through the passage that feeds the .instrument 
panel outlets. For maximum ("MAX") or normal 
("NORM") air conditioning modes and the 'VENT" 
mode, vacuum is directed to both vacuum actuators 
and both the upper mode valve (3) and the lower mode 
valve (4) open to allow air to flow to the instrument 
panel oudets. In the 'OFF', "HEATER" and 
"DEFROST" modes, both vacuum actuators are 
vented and both the upper mode valve (3) and the 
lower mode valve (4) close to prevent airflow to the 
instrument panel outlets. 

When the "BI-LEVEL' air conditioning mode is 
selected, only the lower mode valve (4) is opened. This 
dividr.a the airflow so the instromeo.t panel outlecs, the 
floor air outlets, the defroster outlets and the side 
window defogger outlets all receive a share of the air. 

Defroster Valve 
The last vacuum-controlled air valve in the air 

distribution system is the defroster valve (5). In the 
"HEATER" and "B1-LEVEL"modes, and when the 
mode lever is placed in the 'OFF" position, vacuum is 
applied to the defroster valve actuator (25). This moves 
the defroster valve (5) to divert almost all of the airflow 
to the floor air outlet duct (27) to heat the passenger 
compartment. Only a slight amount _passes through an 
onenin~ in the defroster valve (5) and goes to the 
~ defroster. 

In the 'DEFROST" mode, the defroster valve 
actuator (25) is vented to normal air pressure and the 
spring in the actuator holds the defroster valve (5) in 
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a position to route DIOSt of the airflow to the ,-,in«Jihield 
ddroster passage in the air distributor (32). In. the 
.. VBNT" mode and in Normal ( .. NORM") and 
Maximum ("MAX"). air conditioning modes, the 
dmoster valve also is held in this position. Only a 
slight amount of the total airflow paiSeS through the 
opening in the defroster valve (S) and goes to the floor 
air outlet duct (27). 

Ducts and Outla1s 
Air valves in the air conditi · module direct 

the airflow to the com:ct ~"for the selected 
operating mode. The large air distribu~/e mounted 
to the rear face of the air conditioning contains 
three . air passages. A laqe passage leada from the 
defroster · in the air conditioning module (9) to 
the two ~~ outlets at the base of.the windshield. 
A smaller passage feeds the two ducts (38 and 39) to 
the side window defogger outlets in both ends of the 
instrument ~el pad. The third passage bi the air 
distnbutor (32) connects the vent opening in the air 
conditioning module (9) to the system duct (35) that 
feeds the instrument panel center and outboard outlets. 

Also mounted to the rear face of the air 
conditioning module is the floor air outlet duct (27), an 
inverted Y •shaped duct that connects the heater 
opening in the air conditioning module (9) to the two 
outlets in the sides of the console. The four air outlets 
in the instrument panel have adjustable detlectors that 
permit vehicle occupants to direct the high level air 
conditioning airflow in a desired direction. The two 
floor outlets and the two side window defogger outlets 
have fixed vanes that distribute the airtlow in a set 
pattern. 

Ventilation 
Figure 9 

0 PLENUM 

I 451 PRESSURE RELIEF VALVE 

Figure 9 - Ventllatlon Airflow Schematic 

The air distn"bution system provides fresh air 
ventilation for the passenger compartment in all 
operating modes. About 20 percc:nt of the air circulated 
within the passenger compartment in the "MAX" air 
conditioning mode is taken from 0111:Side the vehicle, 
and all of the air circulated in the other modes also is 
from outside. Even in the "OFF" mode, fresh outside · 
nm air is forced into the air distn"bution system by the 
forward movement of the vehicle. 
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. After being warmed or cooled to the desired 
temperature, the. air is discharged from the outlets 
appropriate to the selected operating mode. When all 
windows. are cloacd, the addition of outside air builds 
a slight positive pressure within the passenger 
compartme:nt. The pressure forces stale air to leave the 
vehicle through a pRS.1UI'e relief valve ( 45) n_ear the 
base of the body door lock pillars after it has circulated 
through the passenger compartment. 

REFRIGERATION SYSTEM 
Figura 10 through 14 

The n:frigeration system cools the air flowing 
through the air distnDUtion system during air 
conditioning operation. It also tes under certain 
conditions when the •oEFR.~ mode is selected, 
dehumidifying the air to aid moisture removal from the 
windshield. Refrigeration system components and 
their functions are as follows: 
• Refrigerant circulates throughout the 

refigeration system to absorb heat from the air 
being cooled, and to give off heat to the air 
outside the vehicle. The refrigerant also carries a 
lubricant throughout the system, primarily to 
lubricate parts of the compressor. 

• An engine-driven compressor ( 48) pumps the 
refrigerant throup the refrigeration system. 

• A condenser (S 1) cools the refrigerant in the same 
way that the engine cooling system radiator cools 
the engine coolant. 

• An expansion tube (52) (also called an orifice 
tube) lowers the pressure of the liquid refriaerant 
from the condenser (51) by restricting the flow of 
the fluid. This prepares the refrigerant to pick up 
heat. 

• An evaporator (7) in the path of the airflow 
through the air distnlmtion system absorbs heat 
from the moving air and passes it on to the 
refrigerant inside the core of the evaporator (7). 
This causes the refrigerant to boil and leave the 
evaporator (7) as a vapor. 

• An accumulator ( 46) dries and filters the 
refrigerant and stores it until the compressor ( 48) 
again circulates the refrigerant through the 
refrigeration system. 

• Lines (metal tubes and ·hoses) and leak-resistant 
conorctors join the compressor ( 48), comlens«"J' 
(51), expansion tube (52), evaporator (7), 
accumulator ( 46) and other components to 
provide· a closed-loop circuit for the refrigerant. 

• A pressure cycling switch (47) senses refrigerant 
pres.mre in the line just downstream from the 
evaporator (7) and turns the compressor (48) on 
and off to keep the temperature of the evaporator 
(7) just above freezing. The pressure of the 
refrigerant vapor is direct:ly related to its 
temperature so in effect, the pressure . cycling 
switch (47) is sensing the temperature of the 
evaporator (7). 

• An air conditioning cutout relay temporarily 
turns the compressor off to reduce the load on the 
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Figure 1 O - Refrigeration System Schematic 



0 EVAPORATOR 

E!) ACCUMULATOR 

~ COMPRESSOR 

[ill CONOENSER 

IIAIUALLY comoLLED AIR COIDITIOIII& 11-11 

Rgure 11 - Refrigeration System Underhood Componentl-Typlcal 

engine when commanded to do so by the 
elcctronic control module. 

• An aftermarket liquid line filter is available to 
protect higher-mileage systems. Refer to •Liquid 
Line F"Jlter Installation• in this section. 

Rafrigarant-12 
Like the coolant in an engine cooling system, the 

refrigerant is the substance in the air conditioning 
system that absorbs, carries and then releases heaL 
Although various substances are used as refrigerants in 
other types of refrigeration systems, automotive air 
conditioning systems use a type called Refrigerant-12. 
This compound is not explosive, not flammable, not 
corrosive except when in contact with water, and not 
poisonous except when in contact with an open flame 
or hot metal It is soluble in oil. 

In automotive air conditioning systems, 
Refrigcrant-12 .is kept under a pressure of about 195 
kPa (28 p51"). At this presaure, Refrigerant-12 boils 
(changes from a liquid to a vapor) at appr<':drnately 
-t •c (30°F), which is ideal for air conditionmg systems. 
At normal sea level pressure, Refrigerant-12 boils at 
about -30-C (-21. rF), which is cold enough to cause 
severe frostbite to unprotected skin. 

R.efrigc:rant-12 carries a charge of a special 
lubricating oil, normally 525 viscosity ~~t oil. 
Since the refrigerant baa an affinity for oil, the two 
compounds mix easily and comt>Jctely. Even the 
refrigerant vapor carries small particles of oil. M the 
liquid or vapor moves through the system, it keeps the 
moving parts of the compressor lubricated. 

Compreuor 
The R~ air conditioning compressor (48) for the 

CCOT refrigeration system is a med displacement 
refrigerant pump having four cylinders arranged 
radially (extending straight out from the center of the 
compressor) inside the compressor outer shdl. (54). 
When the refrigeration system is operating, refrigerant 
vapor from the accumulator (46) is drawn into the 
compressor crankcase through the CODDeCtor block at 
the rear of the compressor ( 48). The vapor is drawn 
into the four cylinders through the rad-17J>e suction 
ftlves in the top of the pistons during IIUCtion strokes. 

On the following comprasion strokes, the vapor 
is forced past the plate of the relief valve (149) at the 
top of each cylinder into a cavity that circla the 
compressor body just inside the outer shell (54). This 
cavity guides the vapor into the connector block at the 
rear of the compressor (48). A pressure relief valve in 
the rear of the- CODlJ)lessor is designed to open and vent 
refrigerant vapor to the atmosphere as a safety measure 
if compressor discharge pressure exceeds 3036 kPa 
( 440 pa). which is greater than the designed operating 
pressure of the sys• 

The compressor (48) is belt~ven from the 
engine crankshaft through the COD!~r clutch 
pulley (SS). The compressor clutch pulley (SS) rotates 
without driving the compressor shaft until the pressure 
cycling switch (47) energizes an electromagnetic coil in 
the clutch and pulley (55). Magnetic attraction, 
working apinst the force of an internal spring in the · 
assembly, pulls the clutch plate and hub assembly 
rearward, locking it to the pulley (55) to drive ~e 
compressor .shaft. When current to the~ettc 
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Figure 12 - Compreuor Components 

coil is turned off', the internal spring forces the clutch 
away from the pulley (55) and the pulley (55) 
fnewheela without driving the comprmor shaft. For 
compressor overhaul procedures, refer to R-4 AIR 
CONDmONING COMPRPSSOR OVERHAUL 
(SEC. IDI). 

Condenaer 
The condenser (51) in front of the engine cooling 

system radiator is made up of coils which carry the 
~ vapor from the 001Dprall01' (48). Thin 
cooling fim on the cCJila tnmfer hat to the ar- pwmg 
through the condrmer (St). Thia coo11 the high 
~ refripnmt vapor and causes it to condense 
mto a high pRSSme liquid., 

Expansion Tuba and Orifice 
The pJastic a.paDSion. tube (52), also called the 

orifice tube, is in the enJaraed portion of the inlet pipe 
to the~ (7). lnaide the ~on tube cnria 
a small, precisely llized pusage called an orifice that 
n:stricts the flow of hip preame liquid .refriprant 
from the condenaer (51) on i1s way to the evaporator 
(7). As a result of this restriction. the .refrigerant leaves 
the expansion tube (52) as a low pnssure liquid. 

The expanaion tube (52) and orifice are protected 
from cont,unioation by filter ICl"eeDI on both the inlet 
and outlet Iida of the tube. 

Evaporator 
Air. paaaiq through the evaporator (7) gives oft' 

IOllle of ats heat to the evaporatot" core fins when the 

~~-iill&l_ .. , .. ,~,■/4tllll~ mb5iiiiiili•-]P11\ 
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1111 0-•G 

Figure 13 - Expenlion Tube 

Rfrigeration system. is operating. Refer to "Air 
Diltribution Systan" in tins sectim. The heat ia 
conducted through the thin metal walls of the 
evaporator core to the low presaure liquid rmigaant 
flowiq through the evaporator core tu6es, cailling the 
refrigerant to boil and vapo.rm. The refrigerant-leaves 
the evaporator (7) u a low preuurevapor, careyiog off 
the beat it absorbed from the evaporator surfaces. 

Accumulator 

The accumulator (46) is a sealed .container 
connected to the evaporator outlet pipe. It IIClvel as a 
refrigerant storage container and allo teparates any 
traces of liquid refiiprmt that may be trapped bi the 
vapor comin& from the evaporator (7). The 
accumulator (46) allows ao more than a slight trickle 
of this liquid refrigerant to go to the compn:aor (48) 
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since any larger amount of liquid entering the 
compressor (48) at one time could damage the 
compn:ssor (48). 

A small oil bleed hole in the outlet tube inside the 
lower end of the accumulator ( 46) prevents trapping of 
refrigerant oil by feeding it into the flow of rdiigerant 
going to the compres.wr ( 48). This helps prevent oil 
starvation that could cause lubrication problems in the 
compressor (48). 

A bag or daiccant (a moisture absorbing 
material), in the bue or the accumulator (46) collecta 
and holds any traces of moisture in the refrigerant that 
could otherwise create problems such as corrosion or 
freezing in the refrigeration system. 

Preuure Cycling Switc_h 
The J7lUIUl'C cycling switch (47) senses low-side 

refrigerant pressure on the suction side or the 
refrigeration system and controls the power circuit to 
the clutch coil to electrically engage and disengage the 
compn:ssor clutch. It protect, the core of the 
evaporator (7) from freezing by shutting off the 
compressor (48) before the evaporator (7) can get cold 
enough to 'ice up.• Average evaporator discharge air 
teiDperature is kept about 1-C (33~ during air 
conditioning system operation. 

When the air conditioning system is not running. 
the pressures within the entire refrigeration system are 
equal because the compressor (48) is not forcing 
refrigerant through the expansion tube (52). Aa a 
rault, the preuure cycling switch (47) reads the 
relatively high pressure in the evaporator (7) as a 
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temperature well above fia:zing. This closes the 
contacts within the switch. 

When an air conditioning mode or 'DEFROST' 
is selected, voltage is sent through the compressor 
clutch coil to the closc:d switch contacts and then to 
ground. Completing the circuit in thi• rnaoner -=apgc:s 
the compressor clutch to set the rc:frigeration system in 
operation. 

Aa ~ takes place, the compreisor (48) 
reduces the · gerant vapor pressure within the 
evaporator to approximately 175 kPa (25 psi), a 
pressure that corraponds to a temperature .slightly 
above freezing. When this occurs, the~ cycling 
switch contacts open to break the circwt that energizes 
the compressor clutch coil The compreuor (48) stops 
operating. 

When the heat from the air passing through the 
evaec,rator (7) raises the vapor pressure of the 
rd'rigerant to approximately 315 kPa (46 psi), contacts 
in the pressure cycling switch (47) again cloae to 
energize the compressor clutch coil and engage the 
clutch. This on-and-off cycle continues as uecessary to 
keep the evaporator temperature just above freezing. 

Other Switches. Relays and Devices 
Air Conditioning Cutout R•y 

The air conditioning cutout relay acts as an on--otf 
switch in series in the circuit to the compn:aor clutch 
coil When the engine's electronic control module 
(ECM) receives a signal indicating one or more specific 
operating conditions such u wide-open throttle or 
excessive engine heat, the ECM grounds the relay coil 
toopentherelaycontactamdbreakthecom~ 
clutch circuit. This ~ves the ECM the ability to 
interrupt the operation of the air conditioning 
n:Crigeration system when necessary. 
High-Pl'lllure Comprauor Cut.Off Switch 

The high-pressure cut-off switch in the head of 
the compressor is a protective device intended to 
prevent excessive comprasor head pnsmes and 
reduce the chance of refrigerant e&ca\)C through a 
safety relief valve. Normally cloaed, this switch will 
open the circuit at a high-side pressure of 
approximately 2960 kPa (430 pm1 and recloae the 
cucuit at approximately 1379 kPa (200 psi). 

Cooling Fan Pt'llllll'8 Switch 
A service-installed pressure switch wired. to the 

engine cooling fan relay circuit may be foun4 on some 
vehicles with the L03 V8 engine with throttle body fuel 
injection. Normally open, this switch will close the 
relay circuit to ground and cause the engine cooling fan 
to run in the •DEFROST• mode when air 
conditioning ~r head ~ rises 
excessively. The cooling fan pressure switch is installed 
at the Schrader valve on the liquid line from the 
compressor. 

Liquid Une Filter 
A liquid line filter is available for aftermarket 

installation on air conditioning refriacration systems 
that have been contaminated. Installation ofthis filter 
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in. the high pressure liquid line before the expansion 
tube (52) offers the customer a less ~ve 
alternative to system flushing and/or accumulator 
replacement. 

DIAGNOSIS 
GENERAL INFORMATION 

Some conditions which are normal to proper air 
conditioning system operation may lead an owner to 
wrongly suspc:ct a problem. 
. Under conditions of hip humidity, the air 
discharged from the air conditiODing system may not 
feel II cold II expected. This is because the vaporized 
moiiture in humid air holds heat more effectively than 
dry air, rn= the humid air harder to cool In terms 
of overall ort, however, the drier dehumidified air 
corning from the air conditioning system in hot. humid 
weather will evaporate more moisture on a person's 
skin and provide more of a cooling effect than might 
be felt from cooler but more humid air. This fact 
should be explained to a customer if no mf'Chauical 
cause can be found for persistent comments of 
insufficient cooling. 

The cycling clutch method of controlling 
evaporator temperature can cause some slight increases 
and decreases of engine speed and power which may be 
noticeable under certain conditions. This coodition is 
normal and indicates that the air-conditioning system 
is cycling to maintain fW1 cooling capacity while 
avoiding icing of the evaporator. 

If the engine is turned off with the air 
conditioning system operating,_ the .n:frigerant will flow 
from the high pressure side of the expansion tube 
through the orifice to the low presmre side until the 
pressure is equalmd within the refrigeration system. 
The refrigerant flow may be heard II a hissing sound 
for II long II a minute after the engine stops. This is 
a normal condition. 

W-uing diagrams and diagnosis information for 
the air conditioning electrical system are in 
ELECTRICAL DIAGNOSIS (SEC. SA) which also 
includes additional diagnostic information on the air 
clistnoution system and its vacuum control system. 

REFRIGERATION SYSTEM CHECKS 
If a faulty air conditioning refrigeration system is 

SlllpCCted because of abnQrmal refrigeration system 
preaures, the following items should be checbd. 
• Cogged fins in the · radiator core or condcmer 

core blocking airflow. Check· between the 
condenser and the radiator as well as the outer 
surfaces of these two components. 

• R.estrictiona or kinks in the evaporator core, 
condenser core, hoses, tubes and other refrigerant 
passages. 

• Refrigerant leaks. 
• Air leaks or restrictions in air ducts. A low 

airflow rate may indicate a n:stricted evaporator 
core. 

• Compressor clutch slippage. 
• Improper drive belt tension. 
• A plugged accumulator or expansion tube. 

• Exce.uive moisture in the refrigeration system. 

FUNCTIONAL TEST 
The following operational test sequence will aid 

in determining whether the air conditioning electrical, 
air, vacuum and refrigeration syst.ems are working 
properly. 

Preparation 
1. The air conditioning temperature lever must be 

set to full •cow•. The temperature lever must 
be left in. this position until step 7 of the test 
procedme. . 

2. The engine should be started and allowed to idle 
for about 20 minutes or until the engine cooling 
system thermostat is open. 

TIit 
1. The mode lever should be set to •oFF• and the 

blower switch should be set to •m•. 
• The blower and the compressor should not 

run. 
2. The mode lever should be moved to the 

•NoRM• air conditioning position. 
• · The blower should run at high speed and air 

should be discharged from the instrument 
panel and intermediate-level •1ap cooler• 
outlets. 

• Air temperaton, at the outlets should drop 
to about 7°C (45°F) within a short ~-

• The compressor will come on and may cycle 
on and off. 

3. The blower switch should be moved to the. •m• 
position, pausing at both of the intermediate 
blower speed sto~ 
• The force of the airflow from the instrument 

panel outlets and the 90UDd of the blower 
should be noted at all four blower speed 
positions. 

• Blower speed ·should increase at each 
blower speed stop, as indicated by an 
increase in the force of the airflow from the 
outlets and the sound-of the blower~ 

• The comprasor may cycle on and off. 
4. The mode lever should be moved to the 

"NORM" air conditioning position. · 
• Air noises from under the right side of the 

instrument panel should be reducecl as the 
air inlet valve cl011c:S to shut ... off . the 
Rcirculation of inside air. · 

• The compressor may cycle on and off. 
5. The mode lever should be moved to the 

•BI-LEVEL• air conditioning position. 
• The blower should continue to nm at high 

speed. the compressor may cycle on and off 
and some air will be discbaqed from the 
floor outlets as the force of the airflow from 
the instrument panel outlets is reduced 
slightly. 

6. The mode lever should be moved to the •VENT" 
economy position. 

• Compressor operation should stop. 



• Air should flow only from the instrument 
panel outlets and air temperature at the 
outlets shouJd gradually increase until it is 
equal to outside air temperature.-

• The blower should continue to nm at high 
speed. 

7. The mode lever ahouJd be moved to the 
•HEATER• economy position and the 
temperature lever should be moved to the full 
·Hor position. 
• Air should flow from the floor outlets with 

a small amount also coming from the 
windshield defroster outlets and the side 
window defogger outlets. · 

• The tem~ of the air from the outlets 
should rue to about WC (1409P). 

8. The mode lever should be moved to the 
•DEFROST" position. 
• MOit of the airflow should come out of the 

wiDdsbield def.roster outlets, with only a 
slight amount coming from the floor 
outlets. 

• Airflow from the side window defogger 
outlets should not show any noticeable 
change. 

• The compressor should run and may cycle 
on and ofl'but the discharge air temperature 
should remain ~ 

Conclusions 
Operation of the compressor and blower as 

described indicates that the electrical circuits are 
functioning properly. The discharge of air from the 
outlets as described indicates that the vacuum system 
and air distnoution system are functioning ~ly. 
Delivery of air at the temperatures descnocd mdicates 
that the temperature lever and refrigeration system are 
functioning properly. 

Compressor overhaul is covered in R4 AIR. 
CONDmONING COMPRESSOR OVERHAUL 
(SEC. 1D1). Electrical system and vacuum system 
information is provided in ELECI1UCAL 
DIAGNOSIS (SEC. SA). Diagnosis of iDsufticient 
cooling and insufficient heat problems is included in 
this section. as are procedures and suggestions for 
servicing air conditioning system components. 

INSUFFICIENT COOLING CHECK 
If outside air temperature ia above 21 •c (7C1 F), 

the following procedure can be used to quicltly 
determine whether the air conditioning refrigeration 
system bas the proper charge of Refrigerant-12. Thia 
check can be made in a few minutes, simplify:ing SYStem 
diagnosis by localizing the problem to a low refrigerant 
charge or eliminating that pouibility. 

The engine must be at normal operating 
temperature and running at normal idle speed. The 
hood and all body doors must be o_ren.. The air 
conditioning controls must be set for NORM• air 
conditioning, •m• blower speed and full •com• 
temperature. 

When the compressor ia operating, use a hand to 
feel the temperature of the evaporator inlet tube 
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• downstream' from the expansion. tube. Then feel the 
surface of the accumulator. 

Compare and evaluate the temperatures of the 
two components. ~ operation with an adequate 
refrigerant chaqe is mdica.ted if both the evaporator 
inlet tube and the accumulator feel cooler than the 
outside air md both seem to be at the same 
temperature. 

If the evaporator inlet tube is cooler than the 
accumulator, or if the inlet has a coating of frost, a low 
n:£rigerant ~ is indicated. Add 0.11 kg (0.2S0 
pound) of Refrigcrant-12 and allow the system to 
stabilize. This should be repeated as necessary until the 
evaporator inlet tube and the KCUmulator both feel the 
same temperature. Then another0.40 kg (0.880 pound) 
of Rmigerant-12 should be added to the refrigeration 
system. 

CYCLING CLUTCH ORIFICE TUBE (CC01} AIR 
CONDITIONING DIAGNOSIS PROCEDURE 
CHARTS 
Flguru 16 through 18 

An orgauiud procedure for diagnosing 
insufficient cooling is presented in F°lgURS 15 through 
18. 

TESTING AIR CONDITIONING PERFORMANCE 
Fig,n 19 

Tools Required: 
J 2357S.Ol Manifold and Gage Set 
J 6742-03 Precision Thermometer 

Performance testing nrnvid- a measure of air 
conditioning system opcraJ;i d&i by measuring 
and comparing pressures at the =-pressure and 
low-pressure sides of the refrigeration system and the 
temperature of the air being discharged into the 
passenger compartment. _ 

Befott making the air conditioning performance 
test, a functional test should be made to assure that the 
air distnoution system air valves are functioning 
properly to route all the air passing through the 
evaporator to the outlets. Refer to •Functional Test" 
in this section. · 

Connect the high-pressure gage of I 23575-01 to 
the high-prcuure side service fitting. Connect the 
low-pressure gage of 1 23575-01 to the low-pressure 
side service fitting. Both gage valves must be closed 
while making the connections. The center hose fitting 
of I 23575-01 also must be closed, and must remain 
closed during the performance test. 

The hood must be open and all doon and 
windows must be closed during the test. The air 
conditioning controls must be set for •MAX• air 
conditioning, ·11r blower speed and run ·cow· 
temperature. 

Place a high volume fan in front of the radiator 
grille to insure an adequate supply of airflow across the 
condenser. After idling the enpne for ten minutes, 
increase engine spc:c:d to 2000 rpm for the test. 

Just before making the performance test, 
determine the temperature and relative humidity of the 
ambient air .(the air being blown against the 
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C.C.0. T. SYSTEM AIR CONDITIONING DIAGN0818 
INSUFFICIENT COOUNG ,.CHART A" 

CHECK FOR A BLOWN FUSE, A LOOSE OR DISCONNECTED 
ELECTRICAL CONNECTOR AND A FAU°LTY BLOWER. . 

REPLACE OR REPAIR AS NECESSARY. 

BELT PROBLEM 

COMPRESSOR SEIZED 

REPLACE THE co~ 
PRESSOR ASSEM
BLY. CLEAN OR 
REPLACE THE EX
PANSION TUBE, AS 
NECESSARY. EVAC
UATE AND CHARGE 
THE SYSTEM. 

CHECK FOR A LOOSE. MISSING OR 
DAMAGED DRIVE BELT. t----tBELTOK--

CHECK FOR COMPRESSOR SEIZURE. t----4 NO SEIZURE 

REPLACE OR TIGHTEN THE DRIVE 
BELT AS REQUIRED. 

OUTSIDE AIR TEMPERATURE MUST BE ABOVE 1o•c (50°F). 

CHECK FOR COMPRESSOR CLUTCH ENGAGEMENT AS FOLLOWS: 
1. ENGINE RUNNING (APPROX. 1000 rpm). 
2. SET A/C CONTROLS TO "NOAM," "HIGH" BLOWER AND FULL 

"COLD." 
3. PUT AN AUXILIARY FAN IN FRONT OF THE VEHICLE. 
4. OBSERVE CLUTCH OPERATION FOR 5 MINUTES. CLUTCH 

ENGAGESORi-------
CYCLES. 

FEEL THE LIQUID LINE BEFORE THE EXPANSION TUBE. CLUTCH IS OFF ALL THE TIME. 

COLD ~---.,__----t WARM SEE "CHART B." 

RESTRICTION IN HIGH 
SIDE OF SYSTEM. 

FEEL THE EVAPORATOR INLET AND OUTLET PIPES. 

VISUAU. Y CHECK FOR A 
FROST SPOT TO LOCATE 

THE RESTRICTION. REPAIR 
THE CONDITION. 

EVACUATE AND 
CHARGE THE SYSTEM. 

THE INLET PIPE AND THE 
OUTLET PIPE ARE THE SAME 

TEMPERATURE, OR THE 
OUTLET PIPE IS COLDER 

THAN THE INLET PIPE. 

SEE "CHARTD." 

NO LEAK FOUND. 
SEE "CHART C." 

THE INLET PIPE IS COLDER 
THAN THE OUTLET PIPE. 

LEAK CHECK THE SYSTEM. 

LEAK FOUND. REPAIR AS 
REQUIRED. EVACUATE AND 

CHARGE THE SYSTEM. 

Figure 15 - Insufficient Cooling Diagnostic Procedure (1 of 4) 
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C.C.O. T. IYSTD1 Al .. CONDmONING DIAGNOSIS 
INIUFPICIINT COOLING "CHART I" 

CHECK COMPRESSOR CLUTCH COIL OPERATION BY APPL YING 
12 VOLTS DIRECTLY FROM THE BATTERY TO THE COIL HOT LEAD WITH A JUMPER. 

CLUTCH DOES NOT ENGAGE. 

CONNECT AN EXTERNAL GROUND TO 
THE COMPRESSOR ASSEMBLY. 

CLUTCH DOES 
NOT ENGAGE. 

CLUTCH ENGAGES • . 

REPAIR THE OPEN 

CLUTCH ENGAGES. 

REMOVE THE JUMPER AND CHECK SYSTEM 
PRESSURE AT THE ACCUMULATOR. 

BELOW 350 kPa (50 PSI) ABOVE 350 kPa (50 PSI) 

GROUND CIRCUIT. CHECK HIGH SIDE SEE SECTION 8A OF THE 
SERVICE MANUAL FOR 

ELECTRICAL DIAGNOSIS REPAjR THE CLUTCH COIL. 

ABOVE 350 kPa (50 PSI) 

DfSCHARGETHESYSTEMANDCHECK 
FOR A PLUGGED EXPANSION TUBE 

OR A HIGH SIDE RESTRICTION. 

REPAIR AS REQUIRED. 
EVACUATE AND CHARGE THE SYSTEM. 

SYSTEM PRESSURE. 

BELOW 350 kPa (50 PSI) 

LOST CHARGE-LEAK TEST THE SYSTEM 
ANO REPAIR AS REQUIRED. 

EVACUATE AND CHARGE THE SYSTEM. 

C.C.O. T. SYSTEM AIR CONDITIONING·DIAGNOSIS 
INSUFFICIENT COOLING "CHART C" 

ADD .45 kg (ONE LB) OF REFRIGERANT-12 
AND THEN CHECK THE CLUTCH CYCLE RATE. 

MORETHAN8CLUTCHCYCLES 
PER MINUTE. 

DISCHARGE THE SYSTEM 
AND CHECK FOR A 

PLUGGED EXPANSION TUBE. 

REPAIR AS REQUIRED. 
EVACUATE AND CHARGE THE SYSTEM. 

INLET AND OUTLET PIPES 
ARE THE SAME TEMPERATURE, 
OR THE OUTLET PIPE IS COLDER 

THAN THE INLET PIPE. 

ADD .45 kg (ONE LB) OF 
REGRIGERANT-12. 

8 OR LESS CLUTCH CYCLES PER MINUTE. 

FEEL THE INLET AND OUTLET PIPES AGAIN. 

THE INLET PIPE IS COLDER 
THAN THE OUTLET PIPE. 

ADD .45 kg (ONE LB) OF 
REFRIGERANT-12. 

DISCHARGE THE SYSTEM 
AND CHECK FOR A 

PLUGGED EXPANSION TUBE. 

REPAIR AS REQUIRED 
EVACUATE AND CHARGE THE SYSTEM. 

K 

Rgure 16 - Insufficient Cooling Diagnostic Procedure (2 of 4) 
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C.C.O. T. SYSTEM AIR CONDmONING DIAGNOSIS 
INSUFFICIENT COOLING .. CHART D" 

I INSTALL A GAGE SET ANO CHECK COMPRESSOR CYCLING PRESSURES] 

I THE COMPRESSOR SHOULD CYCLE ON AT 280-350 kP•j 
(41-61 PSI) AND CYCLE OFF AT 140-190 kPa (20-28 PSI). 

I l 
THE COMPRESSOR RUNS THE COMPRESSOR CYCLES ON ITHECOMPRESSORCYCLESI 

CONTINUOUSLY ABOVE 350 kPa (51 PSI) OR OFF WITHIN LIMITS. 
WITHIN LIMITS BELOW 140 kPa (20 PSI) 

I 
DISCONNECT THE BLOWER MOTOR WIRE ANDl REPLACE THE PRESSURE CYCLING 

CHECK COMPRESSOR CYCLING. SWITCH. 00 NOT 
DISCHARGE THE SYSTEM. 

~ THE COMPRESSOR RUNS WHEN THE COMPRESSOR CYCLES OFF AT 
PRESSURE FALLS BELQW 140-190 kPa (20-28 PSI) BUT WILL NOT 

140 kPa (20 PSI) PULL DOWN TO PRESSURE. 

I 
REPLACE THE PRESSURE CYCLING I RECONNECT THE BLOWER MOTOR WIRE.I 

SWITCH. DO NOT I 
DISCHARGE THE SYSTEM. I 

~ 
TEST AIR CONDmONING PERFORMANCE 

(SYSTEM OPERATING PRESSURES VERSUS 
OUTLET AIR TEMPERATURES). 

I 
I REFER TO "CHART E. ''I 

Agure 17 - Insufficient Cooling Diagnostic Procedu,. (3 of 4) 
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c.c.o.T. SYSTEM AIR CONDITIONING DIAGNOSIS 
INSUFFICIENT COOLING .. CHART E" 

THE AIR CONDmONING PERFORMANCE i-------1 THE OUTLET TEMPERATURE 
TEST IS WITHIN LIMITS. IS ABOVE THE LIMIT . 

.....--... CHECK COMPRESSOR CYCLING. 

THE COMPRESSOR IS ON CONTINUOUSLY THE COMPRESSOR CYCLES ON AND OFF OR 
REMAINS OFF FOR A LONG PERIOD OFTIME. 

DISCHARGE THE SYSTEM AND CHECK FOR A DISCHARGE THE SYSTEM AND CHECK 
MISSING EXPANSION TUBE. FOR A PLUGGED EXPANSION TUBE. 

THE EXPANSION TUBE 
IS MISSING. 

THE EXPANSION TUBE 
IS INSTALLED. 

INSTALL AN EXPAN$10N TUBE. 
EVACUATE AND CHARGE THE SYSTEM. 

REPLACE THE EXPANSION TUBE. 

EVACUATE AND CHARGE THE SYSTEM. 

CHECK FOR A RESTRICTED 
SUCTION LINE TO THE COMPRESSOR. 

RESTRICTED SUCTION LINE. CLEAN SUCTION LINE. 

REPAIR AS REQUIRED. THE SYSTEM WAS OVERCHARGED. 
EVACUATE AND CHARGE THE SYSTEM. EVACUATE AND CHARGE THE SYSTEM. 

OK 

Figure 18 - Insufficient Cooling Diagnoltic Procedure (4 of 4) 
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condemcr). Then measure the temperature of the air 
being discharged from a center instrument panel outlet 
with J 6742-03. Read the low-pressure gage and 
high-pressure gage ofJ 23575-01. Record and compare 
the readings to the data listed in Figure 19. . . 

If operating 1_>ressurcs are within the normal 
range, the refrigeration system can be considered to be 
operating properly. This can be further confirmed by 
the outlet air temperature-reading. Slight variations 
from the published readings can be considered 
acceptable if experience bas shown that such minor 
dmations do not indicate a problem. 

LEAK TESTING 
When a refrigerant leak is suspected or a service 
~ is performed which requires looeeoiog or 
tightening lines or connections, test the refrigeration 
system for leaks. 

Uquid Leak Detector 
At a number of Jocations in the refrigeration 

system, such as fittings and valves, a liquid leak 
detector solution may be used to find refrigerant leaks. 
By applying the liquid leak detector solution to the area 
in question with the swab that is attached to the bottle 
cap, bubbles will form within seconds if there is a leak. 

Red Dye Leak Detector 
A red dye leak detector ia available to aid 

diagnosis of air conditioning refrigeration system 

RELATIVE AIIIIIENT LOWSIDE 
HUIIIDITY AIRTEIIP 

Aft) •F •c ... PSIG . 

20 70 21 200 29 
80 'Zl 200 29 
90 32 207 30 

100 38 214 31 
30 70 21 200 29 

80 'Zl 207 30 
90 32 214 31 

100 38 221 32 
40 70 21 200 29 

80 'Zl 207 30 
90 32 221 32 

100 38 289 39 
50 70 21 207 30 

80 'Zl 221 32 
80 32 234 34 

100 38 278 40 
80 70 21 207 30 

80 'Zl 228 33 
90 32 249 36 

100 38 296 43 
70 70 21 207 30 

80 'Zl 234 34 
90 32 262 38 

100 38 303 44 

80 70 21 207 30 
80 'D 234 34 
80 32 2119 39 

90 70 21 207 30 
80 'Zl 249 36 
90 32 290 42 

problans. . The dye is mixable both in · the · liquid· 
refrigerant and in the compressor oil. The dye aves 
the compressor in the oil which is carried along with 
the hot refricl=t gas. In the condenser, the dye and 
the oil are · lved in the liquid refrigerant. In the 
~• the dye remains in the oil when the 
refrigerant boils into a vapor. It is then returned with 
the oil to the compressor by the suction line. ·. 

Leaks show up in a matter of minutes on the 
suction side u easy-to-see red stains. Leak detection in 
the condenser and liquid line may be slower and can 
appear as- a faint pink color because of the low amount 
of red dye in the oil. · · 

In most cases, a bright red color (usually oil) will 
appear at the point of leakage. Most leaks show up in 
a abort period of time but some may take up to 24 houn 
to have enough color to see. H leaks dt!velop in parts 
of the system which are difficult to see, or if dirt and 
oil have gathered around connections, the area can _be 
wiped with a white cloth or paper towel to pick up any 
traces of the red dye. The red dye should be wiped up 
after repairing a leak so the next technician does not 
look for a leak in ·that same location. 

H new dye is to be added with Ref'riaerant-12, it 
must be charged as a liquid. If charged as a vapor, the 
dye will be left behind as a liquid in the container. Only 
OM-approved dye should be used. Other dyes may 
alter the chemical stability of the n:frigerant or may 
curdle and clog the filter screen of the expansion tube. 

Red dye leak detector can stain some materials. 
It may be necc:swy to clean the dye from Doors, hands 

ENGINE CENTER DUCT AIR HIGHSIDE 
IPHD TEMPERATURE 
IIDIII) •F •c IIP■ PSIG 
2000 40 4 1034 150 

44 7 1310 190 
48 9 1889 2'5 
fi1 14 2103 305 

2000 42 8 1034 150 
47 8 1413 205 
51 11 1827 285 
81 18 2241 325 

2000 '5 7 1138 165 
49 9 1482 215 
55 13 1931 280 
85 18 2379 345 

2000 47 8 1241 180 
53 12 1820 235 
59 15 2034 295 
89 21 2413 350 

2000 48 9 1241 180 
58 13 1855 240 
83 17 2069 300 
73 23 2482 380 

2000 50 10 1278 185 
58 14 1889 2'5 
85 18 2103 · 305 
75 24 2517 385 

2000 50 10 1310 190 
59 15 172-4 250 
tf1 19 2137 310 

2000 50 10 1379 200 
82 17 1127 265 
71 22 2275 330 

lff'!ftll6-1~• 

Rgure 19 - Performance Test 



and clothing. Here are 101De sugationl for pmenting 
red dye stams. , . 
- A cloth or paper towel should be wrapped around 

couplings and jittings before charging hOClel 
coutaining red dye leak detector are 
disconnected. 

- Valve or hose outlets should be surrounded with 
several layers of cloth before they are vented 

- Valves should be opened slowly. This will keep 
liquid refrigerant and oil from blowing out of the 
rdrigen.tion system. 

- Gloves and eye protection should be worn. 
- Surfaces should be wiped quickly with a cJean 

cloth. . 

Solvents that will help in removing the red dye 
include lacquer thinner, Virginia No. 10 solvent, 
Stoddard solvent and other similar solvents. The 
solvents are most effective if used ript away. Most of 
the dye can be removed from clothing by washing or 
dry cleaning. 

Electronic Leak Detectors 

Figllt820 

Tools Required: 
J 26934 Leak Detcct_or or 
J 29547 Leak Detector 

An electronic leak tester can accurately 
determine leaks in hard-to-see or hard-to-reach ara.a 
that are difficult to test with liquid leak detector 
solution. J 26934 is powered by 110-voh alternating 
current and J 29547 is a portable battery-operated 
model. Both models provide visual and audible signals 
to indicate a leak. 

The successful use of electronic leak detectors 
depends upon following the manufacturer's 
instructions for calibration, operation and maintenance 
very carefully. Battery condition is important to the 
accuracy of the portable battery-powered J 2954 7. 

0 PROBE 

[!] HI-LOW SWITCH 

~ . LOW BATTERY IN.DICATOR 

0 BALANCECONTROL 

[!] POWERUNE 
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"INSUFFICIENT HEAT CHECKS 
• ~ d~ should be · c~ for--proper 
installation ~ . blower operation also sho~ . be 
checkc:d. The temperature lever and cabJe should ·be 
inspected for proper installation and operation. . 

The hot water valve should be checked u follows: · 
1. ._ The engine should be started and allowed to 

warm up. 
2. The tem.~ lever should be set to the full 

"COLD position. 
3. Feel the heater inlet hose from the hot water valve 

to the heater core. 
• The hose should not be hot. This indicates 

that the hot water valve is diverting the flow 
of heated coolant directly to the heater 
outlet hose, bypassing the heater core. 

• If the heater inlet hose is hot, detmnin.e 
whether the vacuum is being supplied to the 
hot water valve vacuum actuator when the 
temperature lever is in the full "COLD• 
position. 

• Lack of vacuum indicates a faulty vacuum 
system. 

• The presence of vacuum indicated a faulty 
hot water valve or actuator. 

4. The temperature lever should be moved to the full 
•HOT" position. 
• After a half-minute, the heater inlet hose 

should be checked as in step 3. If the heater 
inlet hose is not hot, the vacuum hose to the 
hot water valve should be disconnected and 
the heater hose should be checked again. 
again. 
- If the hose becomes hot, a faulty 

indicator vacuum switch is indicated. 
- If the hose remains cool, a faulty hot 

water valve is indicated. 

BLOWER NOISE 
A constant air rush noise is typical of high speed 

blower aperation. Some systems and modes may be 
more noisy than others. If poss1'ble, check another 
similar vehicle to determine whether the noise is typical 
or excessive. For diagnosis of excessive blower noise, 
refer to HEATER SYSTEM (SBC. lA). 

Figure 20 - Electronic Leak Detectors 
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DIAGNOSIS.OF AIR CONDITIONING HEATER 

PROBLEM 
lmufficient 
Heating of Passen
ger Compartmmt 

Insufficient 
Heating of Rear 
Seat Area 

Cold Drafts on 
Floor 

P088IBLE CAUSE 
l. lncomlCt operation of 

controls. 

2. Low engine coolant 
level. 

3. Faulty engine 
thermostat. 

4. Kinked heater hose. 

s. Obstructed heater 
core tubes. 

6. Faulty temperature 
cable. 

7. Faulty blower motor 
or blower circuit. 

1. Incom,ct operation 
,of controls. 

2. Obstruction cm the 
floor. 

1. Partially open air 
inlet valve. 

CORRECTION 
1. The driver should be 

advised of proper 
operation of controls. 

2. Coolant should be added 
a needed. A check 
should be made for 
coolant leaks. The engine 
should be nm to clear 
any air locb. 

3. The thermmtat should be 
checked and replaced if 
n.ecapry. 

4. Hoaes should be checked 
and kinks should be 
straightened or haaes 
replaced a necessery. 

,. An obstruction umally 
causes a squishing noise 
in the core. Ally foreign 
material should be 
mnoved from the core 
or the core should be 
replaced. 

6. The temperature lever 
should be moved back 
and forth rapidly from 
one end of the slot to 
the other while · 
listening for the temp
erature valve to hit 
the stops at both ex
tremes of travel. The 
cable should be adjusted 
or replacc:d u 
neceuary. 

7. Faulty wiml or con
nections mlllt be re
paired or replaced. A 
faulty blower motor muat 
be replaced. 

1. The driver should be 
advised to use higher 
blower speed to force 
air to the rear of the 
pawager compartmmt. 

2. A check should be made 
for bulky objects or 
tom insulation under 
the front seat. 

1. The air inlet valve 
should cloae properly in 
all modes cmcept •MAX" 
air conditioning mode. 
Repairs should be made 
88 necessary. 
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2. Side door seals 
damaged or missing. 

2. All door seals should be 
inspected. Faulty seals 
should be repaired or 
replaced as necessary. 

Inadequate 
Defrosting 

1. Obstruction in 
defroster nozzle. 

1. Both defroster nozzle 
outlets should be 
inspected. Ally foreign 
objects should be 
removed. Ally loose 
instrument panel pad 
that blocks an outlet 
should be repaired. 

2. Damaged defroster 
nozzle outlet. 

2. The outlet flange should be 
carefully reshaped with 
pliers so the outlet 
opening is uniform. If 

Inoperative 
Blower 

3. Faulty defroster 
air valve vacuum 
actuator or hose. 

4. Insufficient heat. 

1. Blown fuse. 

2. Open circuit. 

the outlet flange cannot 
be reshaped. the 
air distributor should 
be replaced. 

3. Defroster air valve 
operation should be 
checked. A faulty vacuum 
actuator or hose should 
be replaced. 

4. Refer to "Insufficient 
Heating of Passenger 
Compartment.• 

1. The fuse should be 
replaced. 

2. Check the circuit between the 
ignition switch and the 
blo~er motor, and the 
blower motor ground 
circuit. Repair as 
necessary. 

.3. Faulty blower switch. 3. A faulty blower switch 
should be replaced. 

ON-VEHl,CLE SERVICE 
CAUTION: For 1 personal protection. 
goggles should · be worn and a clean 
cloth wrapped around fittings. valves 
and connections when doing work 
th~t includes opening the 
refrigeration system. If Refrigerant-12 
comes in contact with any pert of the 
body, severe frostbite and personal 
injury can result. The exposed area 
should be flushed immediately with 
cold water and prompt medical help 
should be obtained. 

NOTICE: It is essential to tighten all tubing 
connections to the specified torque for the type and 
size of tube fitting. When tightening 
steel-to-aluminum connections, the torque 
specified for aluminum tubing must be used. 
Insufficient or excessive torque when tightening 

can result in loose joints or deformed joint parts. 
Either condition can result in refrigerant leakage 
and an inoperative air conditioning system. Refer 
to 'Specifications' in this section. 

SERVICE INFORMATION 

0-Ring Replacement 

Install new OM-approved service replacement air 
conditioning 0-rings when a joint or a fitting is 
installed. except when the 0-rings are provided on new 
replacement components. Unless service replacement 
0-rings of the specified part numbers arc used, 
excessive leakage of Refrigerant-12 may occur. Refer 
to the part number for jdentification, not to the.former 
color-coating method of identification, because some 
formerly color-coated service replacement 0-rings may 
be black. 

Air conditioning 0-rings should be coated with 
525 viscosity refrigerant oil just before installation and 
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should be slipped onto the flange tube to~-~ 
Jocating and sealing. To prevent the poaaibility of 
swelling and a reduction in· · sealing effectiveness, 
0-rinp should not be soaked in n:frigei'ant ail Before 
installation. the 0-rinp and the fittings should be 
eumined to insure that they have not been Dieted or 
deformed. Nicked or deformc:d parts must be rep1accd 
or excessive ~t Jeikage ~j _n:sulL 

Rafrigennt-12 l:fand~ Instruction• 
Before attempting ·any service which requires 

opening refrip:ration lyltan lines or components, refer 
to "Handling Rdrigerant Linel and Frttinss" and ·. 
'"Chemical Stabilitf Maintenance" in this section. 
Calefully follow the mstrudions for discharging, adding 
oil, evacuating and charging the refrigention system in 
this section. . . 

All llefriaerant-12 · dnuna are shipped with a 
heavy metal screw cap to protect the valve and safety 
plu~ the drum from damage, It is good practice to 
rep the cap after each use of the drum to continue 
the protection. 

If it is nrtt:111ry to carry a container of 
Refrigerant-12 in a vehicle, it should not be carried in 
the passenger compartment. 

When filling a small Rdrigerant-12 drum from a 
larger one, the irnaJier drum a.ever should be 
completely filled. Space always should be left above the 
liquid for C!~p•mrion, 

Handling Refrigerant Unes and Fitting, 

When opening the rdiigeration system, the work 
area should be well veo.tilat.ed. Welding or steam 
cleanin1 operations should not be done on or near 
refrigeration system Jines · or other air conditioning 
parts OD the vehicle. 

All metal tubing lines should be m:e from dents 
and kinks to prevent any 1ou of system capacity 
because of line restriction. Flmble refrigerant h011e 
lines a.ever should be bent to a radius of less than four 
times the diameter of the hOIC. Fleuble holes a.ever 
should come cloacr than~--' mm (2.S-inchc:s) from the 
c:maust manifold. Refrigerant hosea should be 
inspected regularly for leaks and brittleness and 
replaced with new hoses if deterioration or leaking is 
found. 

Before disconnecting · .any fittin1 in the 
refriscntion system, the system first must be 
macharpd of all Rmigerant-12. Theteclmicim lhould 
proceed cautiously, rqard1ess of gage "'9dinp The 
connections should be opened very alowly, keeping face 
and bands away so no injury can occur if there is liquid 
llefriaerant-12 in the. line. If pressure is noticed when 
the fitting is 1008Cm~ the preuure must be allowed to 
bleed off'. Refer to "Discharging. AddinJ Oil, 
E~ting and Oiargmg ccot Systems" m this 
ledion. 

NOTICE: Alcohol never should be used in the 
refrigcrat:inn system in an attempt to nmove 
moisture. Damage to syatem components could · 
occur. 

If a rarigenmt line ia opened to the atmoaphcn:, 
it should be capped . or taped to close the opening 
immediately and prevent entry ot moisture .and dirt. 
These contaminanta can . cause internal compressor 
wear and plugged · 1mc:s·· in the ·CC>Ddcnler· and 
evaporator cores, the expansion tube -~ the 
compressor inlet screc:n. · 

hJing caps should be removed from 
suhassanblic:s just beforC! rnatdag connectinna for final 
Ulelllbly. A small amount of clean 525 ~ 
refrigerant oil should be 1Jled on all tube and hole 
·omts. New 0-rinp clipped in clean 525 viscolity 
~ oil should be used when asaemblingjoin1s. 
The oil will aid in 1&1embly and help to ~ a 
1eakproof joint. 0-rings and seats most be m pmfect 
condition because a buff or a piece of dirt can cause a 
refrigerant leak. 

It is important to use the proper wrenches when 
connecting 0-ring fittings. When tightaring the joint, 
a second wrmch should be used to hold the stationary 
part of the connection to prevent distortion of 
connecting lines .or components. When com,c,cting a 
flenble hose connection, three wrenches should be 
used to hold the swaged fitting, the flare nut and the 
coupling to which it is attached. This will prevent 
turning the fitting and damaging the ground seat. A 
solid feel when tightening a connection indicates a 
proper usembly. 

For refrigerant line CODDeCtion torque 
apecificatinns for steel, aluminum or copper tubing, 
.;;"Specifications" in tbia sa:tion. 

Chemical Stability Maintenance 
The efficient operation and life of the air 

conditioniq system is dependent upon the chemical 
stability of the refrigeration system. If foreign materials 
such as dirt, m or moisture contaminate the 
refrigcrat:inn system. they will change the stability of 
Rarigerant-12 and 525 viscosity reCrigerant oil. They 
also will affect the raaurc-tanperat rc1ationsbi1) of 
the rdiigenm.t, :f uce efficient operation and pcaa~ly 
came internal corrosion and abnormal wear ofmO\llllg 
n11.m.. The fol.lowing _precautions are .recnmmended ~ 
~ chemical stability in the system. 

Before discoanecting a rdiigenm.t line 
connection, any dirt or oil at or near the connection 
should be wiped away to reduc.e the po8Sl"bility of 
foreign matter entering the system. Both sides of the 
opened connection should be capped, plugged or taped 
81 SOOD 81 pasmole to prevent the entry of 
cantaminants. . 

The manifold gage set, tooJs and repbarnent 
parts must be kept clean and dry. When preparing to 
open the rmigeration syatan, everytliing needed 
should be ready and handy 10 81 .little time 81 po881Dle 
will be required to · perform the operation. The 
refrigeration system should not be left open any longer 
than Df!CA"Sllty. 

Refrigeration system acrvicc parts are dehydrated 
and sealed before~ They_ should remain~ 
until just before making comiectiODL All parts should 
be at room tempcratme before they are UJJC&pped. to 
prevent condenurion ex moisture from the air that bu 
entered the system. If caps are removed but the 



connections. are not made for any reason. the parts 
should be resealed as soon as posst"ble. 

When adding 525 viscosity refrigerant oil, the 
transfer device and container should be clean and dry 
to assure that the refrigerant oil remains as · 
moisture-free as possible. Also refer to •Discharging, · 
Adding Oil, Evacuating and Charging CCOT 
Systems• in this section. 
. Any -refrigerant system that has been opened_ 

should be properly evacuated before recharging with 
Rcfrigerant-12. Refer to •Discharging, Adding Oil, 
Evacuating and Charging CCOT Systems• in this 
section. 

REFRIGERATION SYSTEM SERVICES 

Discharging, Adding Oil, Evacuating 
and Charging CCOT Systems 
Fl(lurN 21 and 22 

CAUTION: A gage line never should be 
removed from its adapter when the 
line is connected to the refrigeration 
system. The line adapter always 
should be removed from the aervlce 
fitting to disconnect a line. The 
charging hose should not ba removed 
from the gage set while attached to 
the low-pressure side service fitting. 
This will result in complete discharge 
of the refrigeration system because of 
the depressed Schrader valve in the 
service fitting. The accidental . 
complete diacharga may cause 
personal injury from the escaping 
Refrigera nt-12. 

1461 ACCUMULATOR 

~ GAGEHOSE 

~ OILBOTTLE 

Figure 21 - Discharging Refrigeration System with Gage 
Hose 

Tools Required: 
1 34000-A. 1 23500-A. 1 23900-C or 
124410-B 
Charging Station, or 
J 23575-B Manifold and Gage Set 
1 16695-B, J 24364-B or J 34119 Vacuum 
Pump 
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J 23390 Control Valve 
J 25498-A Straight Gage Adapter 
J 25499-A 90-degree Angle Gage Adapter 

. J 34122-A Flexible Gage Adapter 
The air conditioning refrigeration system may be 

discharged, evacuated and charged by using an air 
conditioning service charging station such as J 
34000-A, 1 23500-A. J 23900-C or 1 24410-B. A3 an 
alt.ernative, the manifold and gage·set J 23575-01 may 
be used with a vacuum pump such as J 26695-B, J 
24364-B or J 34119, and a reliable scale (60) to charge 
from either a 13.6-kg (30-poond) drum (59) of 
refrigerant or a 5.4-kg (12-pound) drum (59) of 
refrigerant. With the 5.4-kg (12-pound) drum (59), 1 
23390 is needed to open the drum (59) and control the 
flow of refrigerant. 

Charging lines from the charging station or gage 
hoses (57) from I 23575-01 require the use of gage 
adapters to connect to the refrigeration system service 
fitting. J 25498-A, J 25499-A and J 34122-A are 
available. 

Before removing and replacing any of the air 
conditioning refrigeration system lines or components, 
the system must be completely discharged. The system 
SCIVice valve and I 23575-01 must be used for 
evacuating and charging the system. 

The system should be discharged and the entire 
evacuating and charging ~ure should be done 
through the low-pressure Slde service fitting. The high 
pressure gage hose (57) or any other service line should 
never be connected to the high-pressure side service 
fitting during discharging and charging procedures. 
The system should not be charged while it is hot. 

Gage Calibration 
· Before discharging, evacuating or charging the 

system. the low pressure gage should be checked for 
proper cah"bration. With the gage disconnected from 
the refrigeration system, the pointer should indicate to 
the center of the zero. mark c-o•). The gage sh«?uld ~ 
tapped gently a few tunes to assure that the pom~ IS 
not sticking. 

If it is ncccssary to cah"brate the low-pressure 
g&fC, the cover should be removed for access to the 
pomtcr. With the pointer ad.justing screw held still, the 
~tcr should be carefully forced to indicate zero 
c·o,.). After the gage is gently tapped a few times to 
assure that the pointer is not sticking, the gage cover 
should be installed. 

Vacuum System Check 
Before connecting the vacuum pump to the 

refrigeration system, the low-pressure gage should be 
connected to the pump and the pump should be nm to 
determine the vacuum capability of the pump .. If the 
pump is unable to produce a vacuum of at least 94.6 
kPa (28 inches of Hg), the vacuum system should be 
checked for leaks. If no leaks arc found, the vacuum 
pump may require repair. 

Discharging the Refrigeration System 
When any refrigeration system component except 

the pressure cycling switch is replaced, all of the 
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0 LOW•PRESSURE SIDE GAGE 

0 HIGH-PRESSURE SIDE GAGE 

I 481 ACCUMULATOR 

j s1 l GAGE HOSE 

!ssj DRUM 

~ SCALE 
ICC 1 1IMMIP 

Figure 22 - Charging the System from Refrigerant Drum 

Refrigerant-12 in the refrigeration system must be 
completely discharged. (The pressure cycling switch is 
mounted on a Schrader valve and may be replaced 
without discharging the refrigeration system.) The 
system always must be discharged at the low-pressure 
side service titting. 

1. With the ignition off, the protective cap should be 
removed from the low-pressure side service fitting 
at the accumulator ( 46). 

2. The charging station or J 23575-01 should be 
connected. 
• If J 23575-01 is used. the refrigeration 

system should be discharged by slowly 
connecting a gage hose (57) to the service 
fitting at the : accumulator ( 46) and 
discharging the refrigerant from the system 
into an oil bottle. (58) (Figure 21). 

• As the gage hose (57) is tightened onto the 
Schrader valve, Rcfrigcrant-12 will begin to 
discharge from the system into the 
container. 

• If no discharge occurs, a missing or faulty 
Schrader depressor in the hoae fitting may 
be the cause of the problem. 

3. With the low-pressure side of the refrigeration 
system fully discharged, the high-pressure side 
service fitting in the liquid line near the condenser 
should be checked for remaining pressure. 

4. If refrigerant under pressure remains in the 
high-pressure side of the system, an attempt 
should be made to discharge the high-pressure 
side of the system by using the same procedure as 
used for the low-pressure side service fitting. 

• This condition indicates a restriction in the 
high-pressure side of the system. 

· • The cause must be diagnosed and corrected 
befo~~~~~gudchargingthesystem. 

5. When the system is completely disc~ with 
no vapor escaping when the gage hose (57) is fully 
tightened down, measure, record the amount and 
discard the refrigerant oil that was collected in 
the oil bottle (58). · 

6. If the measured quantity of oil is 15 ml (0.5 fluid 
ounces) or more, the same amount of new S2S 
viscosity refrigerant oil must be added to the 
system, plus any quantity in the removed parts. 

• This must be done bef~ evacua&g the 
system and charging it with Refrigerant-12. 

• For the specific q~tity of oil normally 
retained in the removed puts, refer to 
•Refrigerant Oil Distribution• in this 
section. 

Adding Oil 

Refrigerant oil must be added after the 
refrigeration system has been discharged and bef~ it 
is evacuated. To add oil, the refrigeration system 
suction hose should be disconnected at the 
accumulator outlet pipe connection. The correct 
quantity should be poured into the hose or pipe. The 
hose should then be connected to the pipe. For specific 
quantity instructions, refer to "Discharging the 
Refriireration System• and •Refrigerant Oil 
Distribution• in this section. 



RtfrigerantOil Dlltributian 
The refrigeration system requires • · total of 180 

ml (6 fluid ounces) of 525 viscosity refrigerant oil. New 
oil quantities must be added to the system during 
component replacc:ment. 

. With no signs of excessive oil leakage, oil should 
be added as follows: 

If the R.-4 compressor is removed, the oil in the 
compressor should be drained, measured and 
recorded. The same amount of new oil must be 
replaced, plus 30 ml (l fluid ounce). 
If the evaporator is removed, 90 ml (3 fluid 
ounces) of new oil must be added. 

- If the condenser is removed, 30 ml (1 fluid ounce) 
of new oil must be added. 

- If the accumulator ( 46) is removed, the oil in it 
must be drained, measured and recorded. The 
same amount of new oil must be replaced. 

- If the accumulator (46) is to be replaced, 60 ml 
(2 fluid ounces) of oil also must be added to 
replace the qil trapped in the desiccant of the 
onginal accumulator (46). 
With signs of excessive oil leakage, only the 

accumulator ( 46) should be removed. The oil in the 
accumulaic,r (46) should be drained, measured and 
recorded. It is not necessary io remove and drain the 
R-4 compressor because it ic:tains only a minimum 
quantity of oil. Oil should be added as follows: 
- If less than 90 ml (3 fluid ounces) of oil was 

retained in the accumulator (46)> 90 ml (3 fluid 
ounces) of new oil should be added to the system. 

- If more than 90 ml (3 fluid ounces) of oil was 
retained, an equal amount of new oil should be 
added. 

- If the accumulator (46) must be replaced, 60 ml 
(2 fluid ounces) of new oil also should be added 
to replace the oil trapped in the desiccant of the 
original accumulator (46). 

Refrigerant Oil Loss from an Abrupt Leak 
If the refrigerant charge is abruptly lost due to a 

large refrigerant leak, a~ro:mnately 90 ml (3 fluid 
ounces) oi refrigerant oil will be suspended in the 
refrigerant and carried· out of the system. A:n.y failure 
that causes an abrupt refrigerant discharge will 
experience this oil loss. Failures that allow the 
refrigerant to seep ot bleed off over time do not 
experience this oil loss. 

UPQD replacement of a component which caused 
a large refrigerant leak, add 90 ml (3 fluid ounces) of 
new 52S viscosity .refrigerant oil plus the required 
amount of oil for the particular component 

Add the oil directly to the replaced component if 
poSS1ole. If the oil cannot easily be added to the 
replaced part, add the oil to the accumulator ( 46). 

Evacuating. and Charging the Refrigeration System 
If the refrigeration system has been opened or the 

Rcfrigcrant-12 charge bas been lost for any other 
reasoDt the system must be evacuated before charging. 
Among the approved methods of evacuating and 
charging the refrigeration system are the charging 
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station method and the refrigerant drum mettiod. Both 
methods are covered here. 

Charging Station Method 
The charging instructions provided with the 

charging station should be followed with the following 
exceptions. 
- The high-~ure line should not be connected 

to the refrigeration system. 
- The high-pressure valve on the charging station 

should remain closed at all times. 
- The entire evacuating and charging procedure 

should be done through the accumulator 
low-pressure side service fitting. 
Following these procedures will prevent 

high-pres.1ure side system pressure from getting to the 
charging station if an error is made in valve sequence 
during compRSM>r _operation to pull in the 
Refrigerant-12 charge. 

Refrigerant Drum Method 

The Refrigerant-12 drum (59) should be placed 
on a scale (60) and the total weight noted before 
charging (Figure 21). Du.ring charging, the scale (60) 
should be watched to determine the amount of 
refrigerant used. 

The low-pressure gage of 1 23S75-01 should be 
connected to the low•f;ure side service fitting at the 
accumulator. The · -pressure gage should be 
connected to the vacuum pump. The J 23575-01 center 
gage hose (57) should be connected to the 
Refrigerant-12 drum. 1 l3390 must be used to control 
the flow of refrigerant from the 5.4-kg (12-pound) 
drum (59). The 13.6-kg (JO-pound) drum (59) has its 
own valve. 

To begin evacuating the refrigeration system> the 
high-pressure side and low-pressure side gage valves 
should be opened slowly and the vacuum pump should 
be started. The system should be pumped until the 
low-pressure side gage reaches a vacuum reading of 94. 
6-97.9 kPa (28-29 inches of Hg) at sea level. For each 
305 m (1,000 feet) above sea lev~ this specification 
should be lowered by 3.38 kPa (1 inch of Hg). At 1,525 
m (5,000 feet) elevation, a vacuum reading of only TI. 
7-81.1 kPa (23-24 inches of Hg) is required. 

If the specified vacuum cannot be reached, th~ 
vacuum control valve should be closed and the pump 
should be shut off. Then the pump and connections 
should be checked for a leak. 

When the low-pressure side gage reaches the 
specified vacuum reading. the system is fully 
evacuated. The high-pressure side gage valve should be 
closed and the vacuum pump should be shut off. 

The low-pressure side gage should be watched to 
be sure the vacuum holds for five minutes. If vacuum 
is held for five minutes, the vacuum hose should be 
disconnected at the high-pressure side gage and 
charging should begin •. Hvacuum does not hold for five 
minutes. the system should be charged with 0.23 kg (0. 
5-l_lC?und) of Refrigerant-12 and a check made for 
refrigerant leaks. The system should be discharged 
again and the leak(s) repaired. Then the evacuation 
procedure should be repeated. 



11-28 IIAIUAUY COITROWD AIR COIDffiOIIIS 

Charging 
To prepare for charging the refrigeration system, 

the engine should be started and run until it reaches 
operaµng temperature. The air conditioning mode 
lever should be set to "OFF•. 

W'tth the engine at operating temperature and the 
Refrigerant-12 drum (60) inverted, the refrigerant 
source valve should be opened to allow 0.23 kg (1 
pound) of liquid Refrigerant-12 to flow into the system 
through the low-pressure side service fitting. 

As soon as this quantity of refrigerant enters the 
refrigeration system, the compressor should be 
engaged by setting the air conditioning mode lever to . 
•No RM• and setting the blower speed switch to •m•. 
This will draw in·the remainder of the total refrigerant 
charge. The total charge is 1.59 kg (3.50 pounds). 

Charging can be speeded up by placing a large 
volume fan in front of the car to pass more air over the 
condenser. If condenser temperature is maintained 
belo~ the temperature of th«! charging drum, 
Refrigerant-12 will enter the system more rapidly. 

When the full charge is added, the Refrigerant-12 
source valve should be turned off and the engine 
allowed to nm for 30 seconds to clear the lines and 
gages. 

CAUTION: A gage line never should be 
removed from its adapter when the 
line Is connected to thei refrigeration 
system. The line adapter from the 
service fitting always should be 
removed to disconnect a line. The 
charging hose at the.gage set should 
not be removed while the hose la 
attached to the accumulator. 
Removing the hose will result In 
complete discharge of the system 
because of the depressed Schrader 
valve in the low-side service fitting, and 
personal Injury may result from the 
escaping Refrigarant-12. 
With the engine running, the low-preaure side 

charging hose adapter should be removed from the 
accuuiulator service fitting. It must be unscrewed 
rapidly to avoid rdeasing excessive refrigerant from the 
system. 

. After rep~g the protective cap on the 
accumulator fitting and turning off the engine, a leak 
test should be conducted with J 26934 or J 29547. With 
the refrigeration system fully charged and leak-tested, 
the air conditioning system functional test should be 
conducted. Refer to "Functional Test" in this section. 

Liquid Lina Filter Installation 
FigurBB 23 and 24 

An aftcrmarket liquid line filter (61) is available 
for air conditioning refrigeration systems that have 
lJc:en. · contaminated. The ~quid line filter (61) 
ebrnmat.es the need for Refrigerant-I I flushing. The 
filter (61) should be installed after repeated expansion 
tube plugging or when replacing a seized compressor. 
The filter installation offers the customer a less 
expensive alternative to system flushing and/or 
replacement of the accumulator. 

The liquid line filter (61) contains a screen and a 
fil~r pad. Th~ screen catches larger particles and 
retains the filter pad. The filter .pad catches the smaller 
particles and filters the refrigerant· oiL . 

The filter (61) must be installed in tlie high 
preuure liquid line (65) between the condenser and 
evaporator. Two types of filter are available - a filter 
(61) without an orifice (expansion tube) and a filter 
with an orifice (expansion tube). The filter without an 
orifice (expansion tube) is preferred. The filter with an 
orifice is used when the filter must be installed in the 
low-preaure side beyond the original expansion tube 
in certain other vehicles. It requires removal of the 
original expansion tube. 

c ◄A 
0 01RECT10N OF FLOW j a2 j 0-AING 

[!] SCREEN j a! NUT 

~ ALTER PAD I 84 I FERRULE 
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Figure 23 • Liquid Line Filter Without Orifice 

(I] 
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0 "INSTALL OR CONNECT" STEP 1 

[!] "INSTALL OR CONNECT" STEP 3 
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r 841 FERRULE 

~ LIOUIDUNE 

Figure 24 • Filter Ferrule and 0-Ring Installed 

a Remove or Disconnect 
1. Refrigerant. Refer to "Discharging, Adding Oil, 

Evacuating and Charging CCOT Systems• in this 
section. 

• Select and mark the most convenient 
location for the filter (61) on the 



high-pressure liquid line (65) between the 
condenser and the expansion tube. 

l. High pressure liquid line (65). 
• C-ap or tape fittings at the evapor&tor inlet 

and the condenser. 
3. Tubing segment for filter installation. 

• . Remove 50.8 mm (2 inches) of tubing at the 
point selected for filter installation. 
• Cut the end of the tube square with a 

sharp tubing cutter. 
. • Cut out the internal burr, being sure 

no shavings remain in the two parts of 
the tube that will be reused. 

E3 Install or Connect 

1. Nuts (63) and ferrules (64) 
• Slip the compression nut (63) onto the 

liquid line (65) at the cut ends of the tube 
segments. 

• Slip a ferrule (64) onto each cut end of the 
tube, tapered end toward the nut (63). rn Important 
• Do not install 0-rings at this time. 

• Push one tube en~ into the filter fitting, 
bottoming it out while tightening the nut 
(63) to set the ferro.le (64). Repeat the 
procedure with the other tube end. 

NOTICE: See •Notice" on page lB-1 of this 
section. 

~ Tighten 

• Nuts (63) to 15 N·m (11 lb. ft.) 
• Disassemble both joints. 
2. 0-rings (62). 

• Coat both 0-rings (62) with clean 525 
viscosity refrigerant oil and slip one O-ring 
(62) on each tube end until it contacts the 
ferrule (64). 

3. Liquid line tube segments to the filter (61). 

NOTICE: See "Notice" on page lB-1 of this 
section. 

~ Tighten 
• Nuts (63) to 15 N-m (11 lb. ft.). 

4. Liquid line (65) and filter (61). 
• Remove caps or tape from fittings at the 

condenser and the evaporator inlet. 
• Coat new 0-rings with clean 525 viscosity 

refrigerant oil and install them. 
• Tighten the nuts, holding the fittings 

stationary with a second wrench. 

NOTICE: See "Notice" on page lB-1 of this 
section. 
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lil Tighten 

• Nut at the .condenser fitting to 16 N•m (12 
lb. ft.). . · 

• Nut at the evaporator inlet to 23 N•m (17 
lb. ft.). 

• Evacuate and charge the refrigeration system. 
Refer to "Discharging, Adding Oil, Evacuating 

· and Charging CCOT Systems• in this section. 
• Leak test the refrigeration system. Refer to "Leak 

Testing• in this section . 

TEMPERATURE CONTROL CABLE 
ADJUSTMENT 

The air conditioning temperature control cable 
has a self-adjusting sliding clip at the air conditioning 
module end. To operat.e the self-adjusting feature, the 
temperature lever in the control aascmbly should be 
moved briskly back and forth from full •cow• to full 
"HOT". If the clip requires adjustment, added etfort 
may be required to move the temperature lever through 
the final part of its travel When the temperature 
control cable adjustment is correct, the temperature 
valve will be heard hitting the stops at both extranes 
of lever travel. 

DRIVE BELT ADJUSTMENT INSPECTION 
For drive belt inspection, refer to COOLING 

AND RADIATOR (SEC. 6B). 

REPLACEMENT PROCEDURES 

Control Assembly and Vacuum Selector Valve, 
Blower Switch, Rotary Selector Switch and/or 
Hot Water Valve Vacuum Control Valve 
Figures 26 and 26 

E3 Remove or Disconnect 
1. Radio and air conditioning control console trim 

plate retaining screws (72). 
2. Radio and air conditioning control console trim 

plate. . 
3. Control assembly retaining screws (70). 
4. Control assembly (10). 

• Pull the control assembly (10) out far 
enough to reach the vacuum, clectrical and 
temperature control cable connections. 

5. Blower switch connector. 
6. Rotary selector switch connector. 
7. Control assembly dial lamp wire connector •. 
8. Vacuum harness connector at the vacuum 

selector valve (69). 
9. Temperature selector control cable. 

• Pull the temperature control cable clip from 
the control assembly (10). · 

• Slip the temperature control cable loop off' 
the lever. 

10. Vacuum selector valve (69), if necessary. 
• Remove two retaining screws and remove 

the vacuum selector valve (69). 
11. Blower switch (11), if necessary. 
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~ CONTROLASSEMBLY 

j 101 SCREW 

G SCREW 

~ TRIMPLATE 

Figure 25 - Control Assembly Removed 

• Remove the blower switch knob and the 
retaining clip from the shaft of the blower 
switch (11). 

• Remove the blower switch (11). 
12. Rotary selector switch (68), if necessary. 

• Remove two retaining screws and remove 
the rotary selector switch (68). 

13. Hot water valve vacuu~ control valve, if 
oecessary. 
• Remove the push nut holding the vacuum 

control valve to the control assembly (10), 
then lift the valve off. 

IL!]lnspect 
• Electrical terminal for corrosion. Remove the 

C01TOSion or replace the component u necessary. 

• Temperature and mode levers for ~m of 

0 INSTRUMENT PANEL HARNESS CONNECTORS 

movement. Lubricate, repair or replace u 
necessary. 

• Temperature control cable for kinks, binding and 
other damage. Adjust, repair or replace as 
necessary. 

E3 Install or Connect 

1. Hot water valve vacuum control valve and push 
nut, if removed. 

2. Rotary selector switch (68), shaft retaining clip 
and blower switch knob, if removed. 

3. Vacuum selector valve (69) and retaining screws. 
if removed. 

4. Temperature control cable. 
• Slip the temperature control cable loop into 

position on the lever arm. 

[!] CONTROL ASSEMBLY DIAL LAMP CONNECTOR ~ 
r:, !'/:~~ 
~ VACUUM HARNESS CONNECTOR g #TI 

r;J AIR CONDITIONING HAR~ESS .CONNECTOR TO --.-ii!~!!!!!!!!!~~!!$!~=~~\ / 
~ BLOWER SWITCH ___..,_..-=,.~---- ~ lJ 
0 MODULE ~ .-·· -·""'--""~ · 

---· ~ CONTROLASSEMBLY 

G BLOWER SWITCH 

140 I INSTRUMENT PANEL HARNESS 

j e1j vAcuuM HARNESS 

! ea! ROTARY SELECT(?R swrr~H 

1691 VACUUMSELECTORVALVE 

[!!] AIR CONDITIONING HARNESS 

Figure 28 - Control Assembly Components and Connections 
ICOU0-1 ....... 



• Press the temperature control clip into the 
slot in the control assembly (10). 

5. Vacuum harness connector to the vacuum 
selector valve (69). · 

6. Control assembly dial lamp wire connector cable 
clip to the instrument panel harness ( 40). 

7. Rotary selector switch connector. 
8. Blower switch connector. 
9. Control assembly (10). 

NOTICE: See "Notice" on page IB-1 of this 
section. 

10. Control assemly retaining screws (70). 
• Install the lower right screw (70) first to 

align the control assembly (10) properly. 

~ Tightan 

• Screws (70) to 1.4 N ·m (12 lb. in.). 
11. Radio and air conditioning control console trim 

plate (72). 

NOTICE: See "Notice" on page lB-1 of this 
section. 

12. Radio and air conditioning control console trim 
plate retaining screws (71). 

l~I Tighten 

• Screws to 1.4 N ·m (12 lb. in.). 
• Test operation of the temperature lever, the mode 

lever and the blower switch (11). 

Temperature Control Cable 
Figura 25 through 27 

E3 Remove or Disconnect 

1. Right sound insulator. Refer to INSTRUMENT 
PANEL, CLUSTER AND CONSOLE (SEC. 
SC). 

2. Temperature control cable (19) at the heater 
module (9). 
• Remove the push nut retainer (24) holding 

the cable adjusting clip to the temperature 
valve lever pin. 

• Disengage the cable clip from the slot in the 
heater module (9). 

3. R,adio and air conditioning control console trim 
plate retaining screws (70). 

4. Radio and air conditioning control trim plate 
(72). 

S. Control assembly retaining screws (70). 
6. Control assembly (10). 

• Pull the control assembly (10) out far 
enough to reach the temperature control 
cable connection. 

7. Temperature control cable push nut retainer (24). 
8. Temperature control cable (19). 

• Pull the temperature control cable clip from 
the control assembly (10). 
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• Slip the temperature control cable loop off 
the lever arm. 

E3 Install or Connect 
1. Temperature control cable (19) to the control 

assembly (10). 
• Slip the temperature control cable loop into 

position over the lever arm. 
• Press the temperature control cable clip into 

the slot in the control assembly. 
2. Temperature control cable push nut retainer (24). 

NOTICE: See "Notice" on page 1B-1 of this 
section. 

3. Control assembly retaining · screws (70). . 
• Install the lower right screw (70) first to 

align the control assembly (10) properly. 

,~, Tighten 

• Screws (70) to 1.4 N ·m (12 lb. in.). 
4. Radio and air conditioning control console trim 

plate (72). 
S. Radio and air conditioning control console trim· 

plate retaining screws (70). 

l~I Tightan 
• Screws to 1.4 N·m (12 lb. in.). 

6. Temperature control cable (19) at the heater 
module. 
• Fit the cable self-adjusting clip onto the 

temperature valve lever pin. 
• Snap the cable clamp into the slot in the 

heater module (9). 
• Install the push nut retainer (24) to the 

temperature valve lever pin. 
7. Right sound insulator. Refer to INSTRUMENT 

PANEL, CLUSTER AND CONSOLE (SEC. 
SC). 

~ Adjust 

• Temperature control cable (19). Refer to 
"Temperature Control Cable Adjustment" in this 
section. 

Blower Motor Resistor Assembly 
Figui-e28 a Remove or Diaconnect 
• Remove the key from the ignjtion to assure that 

the switch will remain "OFF". 
1. Air conditioning wiring harness connector at the 

blower motor resistor assembly ( 17). 
2. Resistor assembly retaining screws (28). 
3. Blower motor resistor assembly (17). 

E3 Install or Connect 
NOTICE: See "Notice• on page lB-1 of this 
section. 

1. Blower motor resistor ~bly (17) and 
retaining screws .(28). 
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l!!] CA8l.E 

I 241 RETAINER 

Figure 27 - Temperature Control Cable 

Ill Tlghtan 
• Screws (28) to 1.5 N ·m (13 lb. in.). 

2. Air conditioning wiring harness connector. 

• Test blower motor operation at all four speeds. 

G RESISTORASSEMBL y 

~ SCREW 

la! RB.AV 

1481 ACCUMULATOR 

I· 471 PRESSURE CYCLING SWITCH 

Blower Relay ,.,,,,,.2, 
E3 Remove or Dilconnect 

1. Negative(-) battery cable. 

2 Electrical connector at the blower relay (29). 

Figure 28 - Air Conditioning Electrical Components 



3. Blower may (29). 
• Pull the blower relay (29) off the clip of the 

mOUllting bracket. 

E3 Install or Connect 
1. Blower relay (29). 

• Pras the blower relay (29) onto the clip on 
the mounting brackeL 

2. E.ectrical COllllector to the blower relay (29). 
3. Negative(-) battery cable. 

Air Conditioning Cutout Relay 
Flgure29 

79 ~ 

r:7 LEFT REAR AREA OF 
i..=J ENGINE COMPARTMENT 

~ RELAY 

~ SCREW 

Rgure 29 - Air Conditioning Cutout Relay 

E3 Remova or Discon~ 
1. Negative (-) battery cable. 
2. Electrical connector at the air conditioning 

cutout relay (79). 
3. Mounting screws (80). 
4. Cutout relay (79). 

E3 Install or Connect 

NOTICE: See 'Notice' on page lB--1 of this 
section. 

1. Air conditioning cutout relay (79) and mounting 
screws (80). 

Ill Tighten 

• Screws (80) to 6.8 N·m (60 lb. in.). 
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2. Ecctrical connector. 
3. Negativ~. (-) battery cable. 

. . 

Pr811Ure Cycling Switch 
Flgu1128 

a Remove or Disconnect 

1. Negative (-) battery cable. 
2. Electrical connector at the pressure cycling 

switch (47). 
3. Pressure cycling switch (47) and 0-ring. 

• The pressure cycling switch (47) is mounted 
on a Schrader~ valve so it is not 
necessary to discharge the n:frigcration 
system. 

• Discard the 0-ring. 

E3 Install or Connect 
1. New 0-ring to the pressure cycling switch (47). 

• Coat the 0-ring with refrigerant oil. 

NOTICE: See 'Notice' on page lB--1 of this 
section. 

2. Pressure cycling switch (47). 

,~, Tighten 

• Pressure cycling switch (47) to S N·m (44 
lb. in.). 

3. Electrical connector to the pressure cycling 
switch (47). 

4. Negative (-) battery cable. 

Blower Motor and Fan 
Figu1128 

E3 Remove or Dilconnect 

• Remove the key from the ignition switch to 
assure that the switch will remain 'OFF'. 

1. Diagonal fender brace at the right rear comer of 
the engine compartment, if oeccssacy. 
• Remove the two bolts and nuts, and remove 

the brace. 
2. ·. Blower relay (29) and bracket. 

• Remove two screws from the blower 
bracket and remove the relay (29) and 
bracket as an assembly. 

• Swing the relay (29) and bracket up and out 
of the way. 

3. Air conditioning wiring harness connectors at the 
blower motor power and ground terminals. 

4. Blower motor cooling tube. 
5. Blower motor attaching screws. 
6. Blower motor. 

• Pull the blower motor forward carefully to 
avoid distorting the blower fan. 

• Work the blower motor fan up and out of 
the engine compartment. 

7. Fan, if necessary. 
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IL!J1napect 
• Blowc:r motor terminals for corrosion. Clean 

corrosion from · the terminals or replace the 
blower motor as necessary: 

• Flange of the blower motor for damage or 
distortion that could cause an air leak. Repair as 
necessary. . 

• Blower fan for damage and distortion. Repair or 
replace as necc:ssary. 

E3 Install or CaMect 
1. Fan to blowc:r motor shaft, if removed. 

2. Blower motor. 

• Guide the blower · motor and fan into 
position, being careful not to catch the fan 
OD protruding parts. 

3. Blower motor attaching screws. 
4. Blower motor cooling tube. 

5. Air conditioning wiring harness connccton at the 
blower motor power and ground terminals. 

NOTICE: See •Notice• on page lB-1 of this 
section. 

6. Blower relay (29) and bracket asaembly, and two 
bracket retaining screws. 

Ill Tighten 

• Bracket retaining screws to 1.5 N·m (13 lb. 
in.). 

7. Diagonal fender brace,. bolts and nuts, if 
necessary. 

• Check blower operation. 

Air Distributor and Instrument Panel •Air Outlet 
Ducts 

Refer to INSTRUMENT PANEL, CLUSTER 
AND CONSOLE (SEC. SC). 

Floor Air Outlet Duct 

Refer to INSTRUMENT PANEL, CLUSTER 
AND CONSOLE (SEC. SC). 

Side Window Defogger Ducta 

Refer to INSTRUMENT PANEL, CLUSTER. 
AND CONSOLE (SEC. SC). 

Air Deflectors 

An air conditioning system air deflector can be 
removed by prying on one side of the deflector with a 
small thin-blade screwdriver to poJ.' it out. The 
deflector can be installed by presain1 It into place. 

Vacuwn Hose Hamea 
FlgurN 7, 21 •nd 30 

E3 Rlll10¥8 or Disconnect 
1. Left and right sound insulators. Refer to 

INSTRUMENT PANEL, CLUSTER AND 
CONSOLE (SEC. SC). 

2. Control assembly (10). Refer to ·eontrol 
Assembly and Vacuum Selector Valve, Blower 
Switch, Rotary Selector Switch and/or Hot 
Water Valve Vacuum Control Valve• in this 
section. . 

3. Vacuum hose connector(s) at the vacuum 
actuator(s). 
• Trace each vacuum hose to its actuator OD 

the air conditioning module (9), noting its 
routing for reference during installation. 

• Disconnect the connector at each actuator 
by sliding the tab of the plastic retainer past 
the L-shaped bend in the actuator vacuum 
tube. Them slide the hose connector off the 
tube while continuing to hold the tab back 
against the body of the connector. 

4. Main harness segment connector from the engine 
compartnlcnt harness segment connector. 

5. Main harness segment from the retaining clip 
(66). 

6. Main harness segment. 
7. Engine compartment harness segment, if 

necessary. 
• Disconnect the vacuum hose at the vacuum 

source. 
• Dilconncct the vacuum hose connector at 

the hot water valve ~ actuator. 
• Can:fully puah _ the vacuum harness 

grommet through the wiring hamesa 
grommet in the dash panel until it is free. 

• Work the engine compartment harness 
through the hole in the wiring harness 
grommet until both vacuum hoses are 
completely inside the passenger 
compartment. 

• Remove the engine compartment harness 
segment from the passenger compartment 
side of the dash panel. · 

IL!J 1n,pect 
• Vacuum hoses for leaks by attempting to blow 

through the hose while covering the opposite end 
with a fingertip. Replace any hose that leaks. 

• Vacuum switches and connecting hose at the 
control assembly for leaks and proper function. 
Replace faulty components. 

E3 Install or Connect 
1. Engine compartment harness segment, if 

removed. 
• Guide the hot water valve actuator vacuum 

hose (gray) and the vacuum supply hose 
(violet) through the wiring harness 
grommet. 
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0 VACUUM HARNESS CONNECTORS, MAIN HARNESS 
TO ENGINE COMPARTMENT HARNESS 

[!] MODULE I 23 I LOWER MOOE ACTUATOR 

~ CONTROl ASSEMBLY ~ DEFROSTER ACTUATOR 

~ AIR INLET ACTUATOR ~ CUP 

~ UPPER MODE ACTUATOR ~ VACUUM HARNESS 

Figure 30 - Vacuum Harness 

• Work both hoses through the wiring 
harness grommet until the vacuum 
harness grommet enters the hole in the 
wiring harness grommet. 

• Continue pressing the vacuum harness 
grommet m until its flange touches the 
wiring harness. ' 

• Connect the gray hose to the hot water valve 
vacuum actuator. 

• Connect the violet hose to the vacuum 
source. 

2. Main harness segment to the engine 
compartment harness segment. 

3. Vacuum harness (67) to the clip (66) at the top 
of the air conditioning module. 

4. Vacuum hose conncctor(s) to the vacuum 
aotuator(s). 

• To install a vacuum hose connector, bend 
the retaining tab of the plastic connector 
back flush against the end of the connector 
and hold it there while slipping the tab 
connector onto the. vacuum actuator tube. 
When the connector is fully seated, pull the 
retaining tab over the ~pcd bend in the 
. tube to hold the hose connector in place. 

S. Control aascmbly (10). Refer to •Control 
Assembly and Vacuum Selector Valve, Blower 
Switch, Rotary Selector Switch and/or Hot 
Water Valve Vacuum Control Valve• in this 
section. 

6. Left and right sound insulators. Refer to 
INSTRUMENT PANEL, CLUSTER AND 
CONSOLE (SEC. SC). 

Vacuum Tank 
The vacuum tank that supplies the air 

conditioning vacuum system is a ball-shaped tank 
under the evaporator tray by the left: front fender. 

E3 Remove or Dilcannect 

• Raise and suitably support the vehicle. 
1. Left lower fender brace. 
2. Vacuum lines. 
3. Two mounting screws. 
4. , Vacuum tank. 

• Do not lose the two spring nuts on the 
mounting bracket. 

E3 Install or Connect 

NOTICE: See 'Notice• on P8iC lB-1 of this 
section. 

1. Vacuum tank and mounting screws. 

~ T19hten 
• Screws to S.O N •m (44 lb. in.). 

2. Vacuum lines. 
3. Left lower fender brace. 
• Lower the vehicle. 
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Defroster Valve and/or Lower Mode Vilva 
Vacuum Actuators 
FlgU1130 

EJ Remove or DllcoMact . 
1. Left sound insulator .. Refer to INSTRUMENT 

PANEL, CLUSTER AND CONSOLE (SBC. 
BC). 

2. Vacuum hose connector at the defroster actuator 
(25) and/or the lower mode actuator (23). 
• Disconnect the vacuum hose connector by 

sliding the tab of the connector past the 
whaped bend in the actuator 'VBCUum tube. 
Theo slide the hose connector off the tube 
while continuing to hold the _tab back 
against the connector end. 

3. Defroster actuator (25) and/or lower mode 
actuator (23). 
• Remove two nuts. 
• Disconnect the linkage from the actuator. 

E3 lna181 or Connect 

1. Defroster actuator (25) and/or lower mode 
actuator (23), if removed. 
• Connect the linkage to the actuator. 
• Install the two mounting nuts. 

2. Vacuum hosc(s). .; 
• IDstall the blue hose to the dcfroater actuator (25) 

and/or the tan hose to the lower mode actuator 
(23). 
• Connect the vacuum hose COlllleCtor by 

bending the tab of the connector back flush 
against the end of the connector and holding 
it there while slipping the tab and the 
,connector onto the vacuum actuator tube. 
When the connector is fully seated. pall the 
tab over •the L-shaped bend in the tube to 
,hold the connector in place. 

3. Left sound insulator. Ref'er to INSTRUMBNT 
PANEL, CLUS1'ER AND CONSOLE (SEC. 
BC). 

Air Inlet Valve Vacuum Actuator 
Flgur,30 

EJ Remove or Dilconnact 
1. Right sound insulator. R.efer to INSTRUMENT 

PANEL, CLUSTER AND CONSOLE (SEC. 
SC). 

2. Vacuum hose connector at the air inlet actuator 
~~ . 

• Disconnect the vacuum hose connector by 
sliding tab of the connector past the 
L-shapcd bco<,l in the actuator vacuum tube. 
Then slide the hose connector oft' the tube 
while continuing to hold the tab back 
against the co_nnector end. 

3. Air inlet actuator (21). 
• Remove two nuts and slide the actuator 

body from its installed position, 
• Disconnect the linkage from the actuator. 

E3 Instill ar Connect 
1. Air inlet actuator (21). 

• Connect the linkage to the actuator. 
• Slip the air inlet actuator (21) into position 

and install the two mounting nuts. 

2. Vacuum hose. 

• Install the orange hose to the air inlet actuator 
(21). 
• Connect the vacuum hose connector by 

bending the tab of the connector back fl~ 
apinst the end of the connector and holding 
it there while slipping the tab and connector 
,onto the \IBCUWD actuator tube. When the 
connector is fully seated, pull the tab over 
the L-sbaped bend in the tube to hold the 
connector in place. 

3. Right sound insuJator. Refer to INSTRUMENT 
PANEL, CLUSTER. AND CONSOLE (SEC. 
BC).) 

Upper Mode Valve Vacuum Actuator 
1. Instrument panel. Refer to INSTRUMENT 

PANEL, CLUSTER AND CONSOLE (SEC. 
BC). 

2. Vacuum hose connector at the upper mode 
actuator (22). 
• Disconnect the vacuum hose connector by 

sliding the tab of the connector put the 
L-shaped bend in the actuator vaccum tube. 
Then slide the hose connector off the tube 
while continuing to hold the tab back 
against the connector end. 

3. Upper mode actuator (22). 
• Remove two nuts. 
• Disconnect the linkage from the actuator. 

E3 Install or Connect . 
1. Upper mode actuator (22). 

• Connect the linkage to the actuator. 
• Install the ,two mountings. 

2. Vacuum hose. 
• Install the red hose to the upper mode 

· actuator (22). · 
• Connect the vacuum hSse. connector 

by bending the tab of the cenn.ector 
back flush against the end of the 
connector and holding it th~ while 
slipping the tab and the ~ector 
onto the vacuum actuator tube. When 
the connector is fully seated. pull the 
tab over the L,shaped bend in the tube 
to hold the conncctot in place. 

3. Instrument panel. Refer to INSTRUMBNT 
PANEL, CLUSTER AND ·CONSOLE (SEC. 
SC). 

Hot Water Valve 
Figur,31 
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Rgure 31 - Heater Hoses, Pipes and Hot Water Valve 
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The bot water valve (89) is a bypua valve in the 
heater inlet hose (82) that directs hot CQOlant to the 
heater core when heating is needed or diverts the 
coolant flow directly to the outlet hose (83), bypassing 
the heater core when the t.em,perature lever is in the full 
•coID" position. The hot water valve is controlled by 
a vacuum actuator. The wcuum hose is gray. 

E3 Remove or Dilc:onnect 

1. Coolant 
• Drain engine coolant into a clean container 

for reuse. 
2. Vacuum hose at the vacuum actuator·ofthe hot 

wat.er valve (89). 
• Diaconaect the vacuum hose connector by 

sliding the tab of the connector past the 
L-shaped bend in the actuator vacuum tube. 
Then slide the hose connector off the tube 
while continuing to hold the tabe back 
against the connector end 

3. Inlet hose (82), bypass hose (81) and clamps (87) 
at the hot water valve (89). 

4. Hot water valve. 

E3 lnstaU ar Connect 
NOTICE: See •Notice• on page lB-1 of this 
section. 

1. Inlet hoses (82), bypass hose (81) and clamps (87) 
to the hot water valve (89), 
• The hot water valve (89) should be installed 

with the vacuum actuator up. The heater 
hoses will hold the hot water valve (89) in 
position. 

• The by pass hose (81) should be connected 
to the upper fitting, above the~ for the 
inlet hose (82) to the heater cote. 

lll Tighten 
• Heater hose clamp screws ro 1.7 N,m (15 

lb. in.) 
2. Vacuum hose to the actuator of the hot water 

valve (89). 
• Bend the ·hose connector tab back flush 

against the end of the connector onto the 
vacuum actuator tube. When the connector 
is fully seated, .pull the tab over the 
L-shaped bend in the tube to hold the 
connector in place. 

3. Coolant. 
e, Reuse the drained coolant if it is clean and 

in good condition. If not, add fresh SO-SO 
• mixture of ,coolant and water. 

• Run the engine long enoush to purge any of 
trapped air from the system, then add more 
coolant to the·cooling system as necessary. 

Heater H0181 and Pipes 
,.,,,,,. 31 

The heater core inlet and outlet tubes extend 
forwani from the dash panel next to the air 

conditioning module. The inlet tube is to the right or 
the outlet tube. 

On the 2.8 L V6 engine, the heated coolant supply 
for the beater comes from a fitting at the front of tb 
lower .inlet manifold, just below tlie throttle body air 
inlet. A pipe (85) from the titting mends acrou the 
front of the engine and connects to a very short inlet 
hoee (82) that connects to the hot water valve (89). 
From the lower inlet fitting of the hot water valve (89), 
another short inlet hose (82) leads to a pipe (84) 
mQUnted OD the right side rail in the engine compartment. The rear end of the pipe (84) ia 
connected to another inlet hose (82) ,that ~ to the 
heatet core inlet tube. The titting on the nf:. (85) 
across the.front of the engine has two hose ni es that 
connect to short inlet and outlet hoses whic · heat the 
fuel utjcction system throttle body air inlet. . 

On VS engines, the heated coolant supjily for the 
heater core comes from a fitting at the rear of the intake 
manifo14 of the L03 engine with throttle body fuel 
h:tjection, or from the right side of the throttle body air 
inlet of the LB9 and L98 engines. The coolant goes 
through a heater inlet hose (82) to the hot water valve 
(89). From the lower oudet. fitting of the hot .,,atcr 
valve (89), a second heater inlet hose (82) goes to the 
heater inlet tube. 

On all engina, ~ heater core outlet tube 
discharges coolant to a short heater outlet hose (83) 
that is connceted .to a pipe (84 or 86) mounted OD the 
right side rail in the engine ~ent. On the V6 
engine, the torward end of the pipe (84) is CQDnected 
to an outlet hose (83) that croaes m front of the engine 
and feeds coolant into the enpie coolant pump. On VS, 
engines, the forward end of the pipe (86) on the side rail 
is connected to an outlet hose (83) that fec:da the 
coolant into the right tank_ of the radiator (88). 

A short bypass hose (81) goes from the upper 
outlet fitting of the hot water valve (89) to a 
T -connection in the pipe (84 or 86) on the ade rail. All 
hoses are attached at both ends with a screw-type 
clamp (87). 

E3 Remove or Dllcannect 

1. :Engine coolant. 
• Drain enough engine coolant into a clean 

• container to lower the coolant level below 
the level of the lowest heater ~ fitting. 

NOTICE: The heater core can be c;lamaged if 
excessive force is applied to the heater core pipes 
during hose removal. 

2. Inlet hose (82) or outlet hose (83). 
• Loosen the clamp screws enough to slide the 

clamps (87) away from the fittings and 
beyond the end of the fitting, pipe (84, 85 or 
86)· or tube. 

• Remove the hose end by twisting and 
pulling. If the inlet hose (82) or the outlet 
hose (83) will ll()t come off of the heater core 
inlet tube or outlet tube easily with this 
method. cut off the hose forward of the 
heater core tube. Then cut the inlet hose 



(82) or outlet hole (83) l'ffliauring tlll the 
core tube Jmgthwise and remove it. 

3. Pipe(s) (84 or 86) from side rail, i' necessary. 
• Rmlcmt the retaining·screws from the pipe 

retamer·and remove the pipe (84 or 86) and 
retainer u an auembly. 

4. Front pipe (85) (V6 eqine), if necemry. 
• Diacomlect the two throttle body hater 

holes at the front pipe connector. 
• Diaconnect the front pipe connect.or and 

discard the ,O-ring. 
• Remove the pipe anacJring aew at the rear 

of .. the perator bracket and remove the 
pipe (85). 

E3 ln1111U or Connect 
NOTICE: See •Notice• on page lB-1 of this 
aection. 

1. Front pipe (85) to the V6 cnsfiie, if removed. 
• Loosely imtall the pipe attaching screw 

holding the pipe to the rear of the generator 
bracket. 

• Using a new 0-ring. loolely install the ,:C 
connector to the fitting in the lower 
manifold. 

~ Tighten 
• Pipe comiector nut to 23 N •m (17 lb. 

ft~) whil~ hokling the fitting with a 
second wrench. 

• PipeattacbiqtcreWto 10N·m(89lb. 
in). 

• Connect the two throttle body heater hoeea 
to the nipplea on the pipe connector. 

NO!ICE: See •Notice• on page lB-1 of this 
IICCtiOn. 

2. Pipe(1) (84 or 86) to the side rail, if removed. 
• Loosely_~ the pipe(s) (84 or 86) with 

theretemmgscrews. 
• ·Screws to 1.4 N·m (12 lb. in.). 

NOTICE: See •Notice• on page lB-1 of this 
section. 

3. Heater holc(s). 
• Cut the replacement hoac(s) to the same 

length aa the original hose. 
• Apply rubber lubricant to the intide 

ctiernete:r of the hoae(s), if desired. 
• Slip a new hoae clamp Ovet one end of the 

heater hoae and push the hose onto the pipe 
(84, 85 or 86) or fitting with a twisting 
motion. The b0le end should be J.O mm (0. 
04 inch) away from touching the nearest 
surface (dash panel. fitting ha head, etc,). 

• Install the clamp (87) beyond any bead around 
the pipe (84, 85, or 86) or fitting, but not closer 
than 3.0 mm (0.12 inch) to the nearest surface 
(dash panel. fitting bead, etc.). 
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~ Tighten 

• Camp acrew to 1. 7 N ·m (15 lb. in.). 
• Repeat the hose and clamp installation 

pn,cedure at the other end of the hose. 
4. Engine ooolaut. 

• ~• the C00!-"1 ~ earlier only if it 
11 UDCODtaminared. Dilcard contaminated 
c:oolant and add fresh S0/50 coolant and 
water mixture. 

IL!] IIIIPICI 
• Be sure the inatallcd hoac doa not sag or rub 

apinst IJther c:ompoamts. Adjust or support the 
hole aa necessary t.o correct the hose position. 

• Operate the engine and check the hose 
mstailation for lab. Tighten the hoae clamp 
1CRW a bit at a time if MCCIIRtY t.o stop a leak. 

• Check the coolant level after the engine hu been 
warmed ~p and cooled Add.coolant u necessary. 

Heater Core 
Flfu• 31 •nd 32 

E3 Remave ar DIICOllntct 

1. Engine coolant. 
• Drain engine coolant into a clean container 

to lower the coolant level below the level of 
the lowest heater hoae connection at the 
engine. 

. . 

NOTICE: The heater core can bt1 darnapd if too 
much fon:e is applied to the heater core pipes 
duriq hoae Rll10val. 

2. Heater inlet h01e (82) and outlet hoae (83) at the 
heater core tubea. · 
• Loosen the clamp~ enough to slide the 

clamps (87) beyond the end of the heater 
core tubes. 

• Remove the holel by twisting and . ulling. 
If a hoae will not come off die ~ core 
tube cai1y with this method, and jf it is 
possµ,Jc that the heater core may be 
repairable, cut .off the hose forwani of the 
heater core tube. Thm cut the hoae 
l"ffllaining 'lD the core tube lmathwise to 
remove it. 

3. Imtrurn.ent panel. Rder . to INSTRUMENT 
. PANEL, ,CLUSTER AND CONSOLE (SEC. 

SC). .. 

4. Console. Refer to INSTRUMEN'I' PANBL, 
CLUSTER. AND CONSOLE (SEC. BC). 

,. Screws (42) from the top, bottom and right side 
flanges of the rear case (77). 

6. Rear case (TT) from the air conditioning modUle 
(9). 

7. Core shroud acrewa (41). 
8. Core shroud (76), heater (8) and heater momiting 

strap (74) u an assembly. 
9. Heater mounting strap (74). 
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[!] HEATER 
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Figure 32 - Heater Core Removed 

10. Heater (8) from the core shroud (76). 
11. Shroud seal (37) from the shroud (76). 

E3 11111111 ar Connect 

· t. Heater (8) and heater mounting strap (74) to the 
core shroud (76). 

2. Shroud seal (37) to the shroud (76). 
3. Heater (8), heater mounting strap (74) and core 

shroud (76) as an assembly to the interior of the 
air conditioning module (9). 
• Carefully guide both heater core tubes into 

position at the holes in the dash panel 
4. Core shroud screws (41) . . 
5. Rear case (77) to the fill' conditioning module (9). 

• Replace the original rear case flange sealer 
with fresh sealer. 

6. Rear case flange mounting screws ( 42). 
7. Console. Refer to INSTRUMENT PANEL, 

CLUSTER AND CONSOLE (SEC. BC). 
8. Instrument panel. Refer to INSTRUMENT 

PANEL, CLUSTER AND CONSOLE (SEC. 
8C). 

NOTICE: See ·Nonce• on page lB-1 of this 
section. 

9. Heater inlet hose (82) and outlet hose (83) to the 
heater core tubes. 
• Apply rubber lubricant to the inside of the 

hoses, if desired. 
• Slip a new hose clamp (87) over the end of 

each hose and push the hose onto the heater 

core tube with a twisting motion. The hose 
end should be 1.0 mm (0.04 inch) away 
from the surface of the"dash panel. 

• Install the c.larnp (87) beyond the bead on 
the end of the heater core tube, but not 
closer than 3.0 mm (0.12 inch) to the 
surface of the dash panel 

~ Tighten 

• Clamp screw to 1.7 N•m (15 lb. in.). 
10. Engine coolant. 

• Use the coolant drained earlier only if it is 
uncontaminated. Discard contaminated 
coolant and add fresh SO/SO coolant and 
water mixture. 

• Operate the engine and check for leaks at 
the heater core tubes. TightA;n the hose 
clamp screw·a- bit at a time as necessary to 
stop a leak. 

• Check the cooJant level after the engine has 
been warmed up. Add coolant as necc:ssary. 

Schrader Valve Core 

E3 Remove ar Dilconnect 

Tool Required: 

J 22132-0'Z·Access Valve Core Remover and 
Installer · 

1. Refrigerant. 



• Discharge the system. _ Rder to 
•Discbarging, Adding Oil. Evacuating and 
Cbai'ging CCOT Systems• in this section. 

2. Pressure cycling switch or valve cap, if equipped. 
3. Valve core. 

• J 22132-02 may be used to remove the valve 
core. 

• Discard the valve core. 

E3 Install, or Connect 
1. New valve core. 

• 1 22132-02 may be used to install the valve 
core. 

• Do not overtighten the valve core. 

NOTICE: See •Notice' on JJ88C lB-1 of this 
section. 

2. Pressure cycling switch or valve cap, if removed. 
• Coat a new 0-ring with refiigerant oil and 

install it to the .pressure cycling switch. 

Iii Tighten 

• Pressure cycling switch to 5 N·m. (44 lb. 
in.). 

3. Refrigerant. 
· • Evacuate and c1t•tioe the system. Refer to 

•Discharging. Addhi -Oil. Evacuating and 
Charging-CCOT sysfe.m• in this section. 

Refrigerant Hoae 
Hoses marked 'PARKER', 'PARKER 

P ARAFLEX so• ·or 'PARAFLBX so• are nylon and 
require special fitting for replacement or repair. The 
fitting has an 0-ring at the tip and smaller barbs thao 
used on fittings for other hoses. Repair procedures are 
the same as for the other refrigerant hoses. 

l3 Remove or Dilconnact 
1. Refrigerant. 

• Discharge the system. Refer to 
•Dischargin& Adding Oil, Evacuating and 
Charging COOT Systems• in this section. 

2. Refrigerant hose. 
• Seal all system openings hose, with tape or 

approved plastic caps to prevent dirt and 
moisture contamination. 

• Discard the hose assembly if it is made of 
composite refrigerant hose. Composite hose 
can be identified by its fairly bard nylon 
surface. 

3. · Metal bends (hypalon hose only). 
• With a ~toothed hacksaw, cut a wide 

notch across the entire width of the crimped 
metal bend at both ends of the hose. The cut 
should go slightly into the outer layer of the 
hose to assure an adequate cut. 

• Pry the cut bend open enough to be 
removed without damaging the fitting. 
Remove the bend. 

4. Fittings (hypalon hose only). 
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• Cut the original hose off of both flttinp, 
being careful not to damap either fitting. 

E3 lnltall or Connect 
• Cut a section of approved Teplacement refrigerant 

hose the same length as the original hose. Both 
ends.of the hose must be square. The replacement 
hose inside diameter must be the same as the 
inside diameter of the original refrigerant hose. 

NOTICE: See •Notice• on page lB-1 of this 
section. 

1. Hose fittings. 
• Install a special screw-type service cJamp 

loosely at both ends of the replacement 
hose. 

• With hypalon hose, insert the fittings taken 
from the origi.ilal hose. 

• With composite hose, lubricate the 0-ring 
on the

1
l

1
of each~ service fi~g with 

clean . · gcrant oil and insert the fittings 
with a turning motion until the hose end 
touches the bead on the fitting. 

• Align the fittings so ,there will be no twist in 
the hose when it ia installed. 

• A1iJ1?, each clamp so the locator ·tug is 
positioned on the hose end. 

lll Tighten 

• Clamp screws to 4.S N•m (40 lb. in.). 
2. New 0-rings. 

• Coat the 0-rings with refrigerant oil just 
before installation. 

NOTICE: See •Nonce• on page lB-1 of this 
section. 

3. Refrigerant hose. 

Iii Tighten 

• Frttings to . specifications. Refer to 
•Specifications• at the end at this section. 

4. Refrigerant. 
• Partially charge the system and perform a 

leak test. Refer to "Leak Testing• in this 
section. 

• Evacuate and charge the system. Refer to 
• Adding Oil, Evacuating and Charging 
CCOT Systems• in this section. 

Partial Refrigerant Hoae Replacement 
The preceding 'Refrigerant Hose' replacement 

procedure may be used as _ a guide for replacement of 
part of a refrigerant hose with the following exceptions. 

During the removal procedure, remove only the 
crimped metal band closest to the damaged portion of 
the hose. Cut off the damaged portion of the hose so 
the cut end is square. Remove the fitting only from the 
damaged end of the hose. 

During the installation procedure, eut a length of 
approved refrigerant hose 13 mm (0.5-inch) shorter 
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than the length of the removed section of the original 
hose. The replacement hose must be of the same inside 
diameter as the original hose. Join the t'efflaining 
section of the original hose to one end of the 
replacement hose with the proper size refrigerant hose 
splicer kit. A special splicer titting with smaller barbs 
and an O-ring at the tip must be used for composite 
hoses. Install two special screw-type service clamps at 
the splicer and one clamp at the titting installed in the 
other end of the replacement hose. Align the fittings so 
there will be no twist in the hose when it is installed and 
continue the installation procedure as described in the 
"Refrigerant Hose" replacement procedure. 

Refrigerant Hoae and Clamp Repair 
Figure 33 

0 ORIGINAL HOSE BAND ~ HOSE 

0 HOSE FITTING 11071 CLAMP 

0 GROOVE BY FINE-TOOTHED.HACKSAW ~ SPLICER 

0 BANDSPI.ITFORREMOVAL ~ 0-RING 

0 LOCATOR LUG IN POSITION 

0 TIP OF RTTING FOR COMPOSITE 
HOSE REPAIR 

Figure 33 - Refrigerant Hose and Clamp Repair 

When a refrigerant leak is detected at an air 
conditioning refrigerant hose connector which has a 
crimped metal band, the crimped band may be 
replaced with a special screw-type service clamp (107) 
for non-warranty repairs. This allows the flexibility of 

repairing hose assemblies for non-warranty service, 
rather tlµm replacing the hose. For warranty service, 
a leaking refrigerant hose assembly always should be 
replaced, not repaired. 

Clamp Replacement 

E3 Remove or Dilconnect 

1. Refrigerant. 
• Discharge the system. Refer · to 

"Discharging, Adding Oil, Evacuating and 
Charging ccor Systems" in this section. 

2. Refrigerant hose (106). 
• Seal all system openings, including the 

fittings of the removed hose (106) with tape 
or approved plastic caps to prevent dirt and 
moisture contamination. 

3. Metal band. 
• Cut a wide notch nearly through the 

crimped metal band, all across its width, 
with a fine-toothed hacksaw. Avoid cutting 
into the hose material at any point. 

• Split the band along the notch with a chisel 
and a light hammer. 

• Pry the metal band open wide enough to 
allow it to be removed without cutting the 
hose material with the bUITed edges of the 
notch in the band 

• Remove the crimped metal band. 

[i!J 1n1pect 

• Refrigerant hose (106) for damage and 
deterioration. 
• If the hose material has been cut, all or part 

of the hose (106). must be replaced. 

E3 Install or Connect 

NOTICE: See "Notice" on page lB-1 of this 
section. 

l. Special screw-type service clamp (107). 
• Install the clamp (107) so the locator lug is 

positioned on the hose end.· ·· 

lll Tighten 
• Clamp screw to 4.5 N•m (40 lb. in.). 

2. New 0-rings to hose connection fittings. 
• Coat the O-rings with refrigerant oil just 

before installation. 

NOTICE: ·See "Notice" on page lB~l of this 
section. · 

3. Refrigerant hose (106). 

l~J Tighten 
• Fittings to specifications. Refer to 

"Specifications" at the end of this section. 
4. Refrigerant. . 



• Partially charge the system and perform a 
leak test. Refer to •I.eat Testing• in this 
"section. 

• Evacuate and charge the system. Ref~ to 
•Discharging, Adding Oil, EY8CU8ting and 
C1wJing CCOT Systems• in this aa:tion. 

Condenaer 
Flgure:U 

~ CONDENSER 

E3 PANEL ~ SCREW 

~ INSULATOR~ RETAINER 

~ SUPPORT ~ NUT 

~ TIEBAR ~ INSULATOR 

Figure 34 - Condenser Removed 

.E3 Remove or DJ1COnnect 
1. Refrigerant. 

• Discharge the system. Refer to 
•Discharging. Adding Oil, Evacuating and 
Charging CCOT Systems• in this section. 

2. Radiator shroud. 
• Remove the air cleaner and/or air intake 

duct work as necessary. 
• Remove the radiator shroud retaining 

screws, disconnect the fan electrical 
connections and lift off the shroud and fan 
assc:mbly, 

3. Refrigerant lines at the condenser (51). 
• Seal all refrigeration system openings, 

including the connectors on the condenser 
(51), with tape or approved plastic caps to 
prevent dirt or moisture contamination. 

4. Screws (136) at the retainers (137) near both ends 
of the top of the condenser. 

s. Condenser (51). 
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• Move the radiator rearward. 
• Tth the condenser rearward, then lift it up 

and out of the radiator support (134). 
6. Imulators (133 and 139). if necessary. 

IL!lrnapect 
• Condenser (51) for leaks, damaged fins, faulty 

connections and other damage. Repair or replace 
as necessuy. 

~ Assemble 

• Transfer brackets and mounting parts to the new 
condenser if replacement is necessary. 

E3 Install or Connect 

1. Refrigerant oil, if necessary. 
• If the condenser (51) is drained, add 30 ml 

(1 fluid ounce) of fresh 525 viscosity 
refrigerant oil to the condenser (Sl). 

2. Insulators (133 and 139), if removed. 
3. Condenser (51). 

• Fit the lower edge of the condenser (51) into 
the insulators (139) at the bottom of the 
radiator support (134). 

NOTICE: See "Notice" on page 18-1 of this 
section. 

4. Condenser retaining screws (136), retainers (137) 
and nuts (138). 

~ Taghtan 
• Screws {136) to 10 N•m (89 lb. in.). 

NOTICE: See •Notice• on page lB-1 of this 
section. 

S. Refrigerant lines at the condenser (51). 
• Use new 0-rings at both connections. Coat 

the 0-rings with fresh refrigerant oil before 
installation. 

~ Tlghtan 
• Fittings to specifications. Refer to 

•specifications• at the end or this section. 
6. Radiator shroud and fan assembly. 

• Install the retaining screws to the shroud. 
• Connect the fan e1ectrical connections. 
• Install the air cleaner and/or air inlet duct 

work, if removed. 
7. Refrigerant. 

• Partially charge the system and perform a 
leak test. Refer to •Leak Testing" in this 
section. 

• Evacuate and c~ the system. Refer to 
•Discharging. Adding Oil, Evacuating and 
Charging CCOT Systems• in this section. 
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0 EXPANSION VALVE LOCATION 

1461 ACCUMULATOR 

j s3 I uou,o LINE 

~ 0-RING 

Figure 35 - Accumulator and Expansion Valve 

Expan1ion Tuba 
Figum 13 and 36 

E3 Remove or Disconnect 
Tool Required: 

J 26549-D Expansion Tube Remover 
1. Refrigerant. 

• Discharge the system. Refer to 
'DischarFg. Adding Oil, Evacuating and 
Charging CCOT Systems'" in this section. 

2. Connector at the liquid line to the evaporator 
inlet pipe. 
• Seal the open end of the liquid line with tape 

or an approved 'plastic cap to prevent dirt or 
moisture contamination. 

• Discard the 0-ring (56). 
3. Expansion tube (S2)"with J 26549-D. 

• H the expansion tube (52) is restricted or 
plussed so it is difficult to remove, the 
following procedure is recommended. 
• Remove as much of the residue as 

possible. 
• Carefully apply heat with a heat gun 

such as a hair dryer or an epoxy dryer, 
approximately 6 mm (0.25-inch) from 
the dimples on the evaporator inlet 
pipe. Do not overheat the pipe. 

• While applying heat, grip the 
expansion tube (52) with J 26549-D 
and use a twisting push-pull motion to 
loosen the . impacted expansion tube 
(52) and remove it. 

• Seal the open end of the evaporator inlet pipe 
with tape or an approved plastic cap to prevent 
dirt or moisture contamination. 

~ Clean 
• Evaporator inlet pipe interior. 
• Expansion tube (52). 

• Blow off any metal particles and other 
co,itaminant.s with an air hose. · 

• Clean the expansion tube (52) in solvent and 
dry it. 

IL!) inspect 

• Expansion tube (52) for clogged screens and 
damage. A few small metal particles embedded in 
the filter screen can be acceptable, but an 
extensively clogged expansion tube must be 
replaced. 

E3 lnatall ar Connect 

1. Expansion tube (52) and 0-ring (56). 
• Coat a new 0-ring (56) with refrigerant oil 

and fit it onto the expansion tube (52) until 
it stops, indicating proper 0-ring seating. 

• Insert the expansion tube (52) into the 
evaporator inlet pipe with the smaller screen 
end first. Install the expansion tube (52) 
until it stops, indicating proper 0-ring 
seating. 

NOTICE: See 'Notice'" on page lB-1 of this 
section. · 

2. Liquid line and 0-ring (56) to the evaporator inlet 
pipe. 
• Coat the new 0-ring (56) with refrigerant 

oil to aid in!lt.ftlJation. 

~ Tightan 

• Connector to specifications. Rder to 
•specifications'" at the end of this aection. 

3. Refrigerant. 
• Evacuate and cbarJe the systmn. Refer to 

•Discharging. Adding Oil, Evacuating and 
Charging CCOT Systems'" in this section. 

• Test system performance. Refer to 'Testing Air 
Conditioning Performance• in this section. 

Accumulator 
Figu,.36 

The service replacement; accumulator package 
includes two new 0-rings (62) for the inlet and outlet 
connections. The accumulator ( 46) should be replaced 
only when it is punctured, resulting in a leak, or if the 
refrigeration system has been left open to outside air for 
an extended period of time, saturating the desiccnt. 
Desiccant cannot be replaced separately; the complete 
accumulator ( 46) must be replaced if the . original 
desiccant becomes saturated. 

It is not n~ to replace the aecumulator (46) 
if the vehicle is involved in a collision and no 



perforation of the outer shell is discoverm. even if the 
outer shell is dented. 

E3 Remave or Disconnect 
1. Refrigerant. 

• Discbarae the system. Refer to 
•,....;.,.1,,.....,;__ ..t. ~-- Oil, E ....._ and ...,.........,_..... ~ .aelll!!!!I 
Charging COOT Syst.ems• in-this section. 

2. Pressure cling switch. R.efc:r to ·Pres.,ure 
Cycling s:ftch• in this section. 

3. Accumulator (46). 
• Disconnect the connections at the 

accumulator inlet and outlet pipes, and seal 
the open connections in the system with 
tape or approved plastic caps to prevent 
system contamination. 

• Loosen the accumulator clamp and remove 
the accumulator (46). 

E3 Install or Connect 
1. Refrigerant oil. 

• Drain. measure and record the amount of 
oil remaining in the original accumulator 
( 46). Add the same amount of fresh 525 
viscosity refri t oil to the replacement 
accumulator ~lus an additional 60 ml 
(2 fluid ounces) to-t:Place that lost with the 
desiccant in the original accumulator (46). 
Refer to •Discharging, Adding Oil, 
Evacuating and Chaqing CCOT Systems• 
in this section. 

2. Accumulator (46). 
• Coat with clean refrigerant oil the two new 

0-rings (62) provided with the service 
replacement accumulator (46). 

• Position the accumulator (46) in the 
accumulator clamp and tighten the clamp. 

• F'lt the 0-rings (62) OD the male fittings and 
install the connectors at the accumulator 
inlet and outlet pipes. 

~ Tighten 

• Fittings to specifications. Refer to 
·specifications• at the end of this 
section. 

3. Prawure cycling switch. R.efer to •Pressure 
Cycling Switch •.. 

4. .Refrigerant. 
• Evacuate and charge the system. Refer to 

'"Discharging Adding Oil, Evacuating and 
Charging CCOT Systems" in this section. 

Evaporator Core 
FigU193B 

E3 Remove or Disconnect 

1. Accumulator. Refer to • Accumulator" in this 
section. 

2. Blower motor resistor assembly. Refer to 
•Blower Motor Resistor Assembly" in this 
section. 
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[?] EVAPORATOR 

~ SCREW 

~ CASE 

I 921 SEAL 

~ SEAL 

Figure 36 - Evaporator Removed 

3. Blower relay and bracket. 

• Remove two acrews from the blower relay 
bracket and remove the relay and bracket as 
an assembly. 

• Swing the relay and bracket up and out of 
the way. 

4. Upper evaporator cue ICr1:WI (90). 

S. Upper evaporator case (91) and seal (92). 

6. R.efrigerant line from the lower fitting of the 
evaporator (7). 

• Seal the open end of the refrigerant line with 
tape or an approved plastic cap to prevent 
system damage. 

7. _Evaporator (7) and seal (93). 
8. &pansion tube and 0-ring from the lower fitting 

of the evaporator, ii necessary. 

E3 lnetall or Connect 

1. Evaporator (!) and seal (93). 
2. &pension tube and new 0-ring. if removed. 

• Coat the 0-ring with clean refrigerant oil 
before installation. 

NOTICE: See •Notice" on page lB-1 of this 
section. 

3. Refrigerant line to the lower fitting of the 
evaporator. 
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~ Tighten 

• Refrigerant line connector to specifications. 
Refer to 'Specifications• at the end of this 
section. . 

4. Upper evaporator case (91) and seal (92). 
5. Upper evaporator case screws (90). 

NOTICE: See 'Notice' on page lB-1 of this 
section. 

6. Blower relay and bracket assembly and two 
bracket retaining screws. 

l~I Tighten 

• Bracket retaining screws to 1.5 N·m (13 lb. 
in.). 

7. Blower motor resistor assembly: Refer to 
'Blower Motor Resistor Assembly• in this 
section. 

8. Accumulator. Refer to • Accumulator• in this 
section. 

• Test system performance. Refer to 'Testing Air 
Conditioning Performance"' in this section. 

Compraaor Clutch Plata and Hub 
FlgurN 31 through 41 

Tools Required: 
J 25030 Comprcs.,or Clutch Hub Holding 
Tool 
J 9399 Thin Wall Socket 
J 33013-B Clutch·Plate and Hub Remover 
J 9480-B Clu~ Plate and Hub Installer 

El Remove or Disconnect 

• Radiator upper fan shroud, if DtJCeSSary. 
• Loosen the compressor mounting brackets or 

accessory bracket. Disconnect the drive belt and 
reposition the compressor for easier access. 

~ NUT 

~ KEY 

~ CLUTCH DRIVE ~ 
~ RING ~ ,,~ 

~ ROTOR )) \ (A 
~ BEARING w 
~ COIL 

1 

~ SCREW 

~ WASHER 

j131 I PULLEY 

§3 CLUTCH DRIVE 

Figure 38 - Removing Shaft Nut 

~ CLUTCH DRIVE 

Rgure 39 - Removing Clutch Drive 

Figure 37 - Compressor Pulley and Clutch Componenta 

,, 



~ KEY 

~ CLUTCH DRIVE 

~ ROTOR 

Agura 40 - Installing Shaft Key 

0 0.5-1.0mm (0.0204.040-INCH) AIR GAP 

~ CLUTCH DRIVE 

Flgure 41 - lnltalllng Clutch Drive 

1. Compressor shaft nut (122). 
• Hold the compressor clutch drive (124) 

steady with J 25030 and remove and discard 
the abaft nut (122) with J 9399 (Figure 38). 

2. Clutch drive (124). 
• Thread J 33013-B into the hub of the clutch 

drive (124).·. 
• Holding the body cf J 33013-8 with a 

wrench, turn the center screw into the tool 
body to remove the clutch drive (124) 
(Figure 39). 

3. Shaft key (123) from the compressor shaft. 

E3 lnltall or Connect 
1. Shaft key (123). 

• The shaft key (123) should project 
approximately 4.8 mm (0.19 inch) out of the 
keyway. 

NOTICE: To avoid internal damage to the 
compressor, do not drive or pound on the clutch 
drive or shaft. 
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2. Clutch drive (124). 
• Align the shaft key (123) with the shaft 

keyway and place the clutch drive (124) 
onto the compresaor shaft (Figure 40). 

• Install J 9480-B. Hold the a portion of the 
tool with a wrench and tighten the center 
screw to press the hub of the clutch drive 

' (124) onto the shaft until there is an air gap 
ofO.S-1.0 mm (0.02-0.04 inch) between the 
frictional surfaces of the clutch drive (124) 
and the clutch rotor (126) (Figure 41). 

NOTICE: See •Notice• on page lB-1 of this 
section. 

3. Shaft nut (122). 
• Use J 9399 to install a new shaft nut (122) 

with the small diameter boss of the nut 
(122) against the shaft shoulder. Hold the 
clutch drive (124) with J 25030 while 
tightening the shaft nut (122). 

~ Taglrtan 
• Shaft nut (122) to 14 N ·m (124 lb. in.). 

• Install the drive bolt and tighten the compressor 
mounting brackets or accessory bracket as 
required. 

lL!J1niplCt 
• Drive belt tension, if necessary. Refer to 

COOLING AND RADIATOR (SEC. 6B). 

Compreuor ~hitch Rotor and Bearing 
FlgutN 37 through 47 

~ RING 

~ ROTOR 

Figura 42 - Removing Rotor Retainer Ring 

a RIIIIGV8 or Disconnect 
Tools Required: 

J 6083 Snap Ring Pliers 

J 25031 Rotor and Bearing Puller 

J 9398-A Bearing Remover 
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Figure 43 - Removing Clutch Rotor 

. J28888 

~ ROTOR 

~ 8EAIING 

~ ROTOR 

~ BEARING 

Figure 45 - Installing Clutch Rotor Bearing 

19481-A Pulley and Bearing Installer 

J 29886 Handle 

0 STAKE 

~ ROTOR 

J 21271-A 

Figure 4 7 - lnmlllng Rotor and Baartng 

J 26271-A Rotor and Bearing Installer 
1. Compressor clutch drive (124). R.crer to 

•CompRSSOI' Cutch Plate and Hub• 
replacement procedme in this section. 

2. Rotor (126) and bearing retaining ring (125). 
• Remove the retaining ring (125) ming J 

6083 (Fipre 42). 
• Mark the location of the clutdl coil 

taminals for reference during aaembly. 
3. Pulley rim mounting screws (129). 

• Bend the washers (130) away from the 
pulley rim mounting screws (129) and 
remove the acmn (129) and washers (130). 
Discard the washers (130). 

4. Compressor clutch rotor (126) and bearing (127) 
(Figure 43). 
• lmtallI 2503110 the puller anm engage the 

recesaed c:dge of the rotor hub. 
• Hohting J 25031 in Place. tight.en the puller 

screw against the puller pide to remove the 
clutch rotor (126) and bearing (127). 

• Remove the bearing (127) from the rotor 
(126) using J 9398-A and J 29886 (Fipre 
44). It is not necxssary to remove the staking 
at the rear m the rotor hub to ranovc: the 
bearing (127). 

E3 Install or Connect 
I. New bearing (127). 

• File away the stake metal 'Jritbin the rotor 
bore for proper clearance for the new 
bearing (127) to prevent bearing damage, 



• With the rotor (126) face down on a clan, 
Oat and fiim 11111a=, align the new bearins 
(127) squarely with the hub bore. Drive the 
bearing (127) · fully into the hub, ming 1 
9481-A ~ J ~ (Fipre 45). 

NOTICE: Do not stake the bearing too cleq,ly to 
avoid distordng the outer race of the bearing. 

• Stab the bearing (127) •in place at three 
points 120 degna apart around the rotor 
hub, using a cmter punch with a 45 degree 
angle tip (F~ '46). The stakes should be 
1.1-1.4 mm (O.OS-0.06 inch) deep. 

2. Rotor (126) and bearing (127). -
• Place the rotCJI' (126) and bearing (127) in 

position on the compreuor &ont head. 
• Drive the rotor (126) and bearing (127) part 

way onto the bad, using J 26271-A and a 
small hammer while holdmg the rotor (126) 
and bearing (127) alignaS with the &ont 
bead (Figure 47). 

• Plug the clutch coil connector onto the 
clutch coil (128). 

• Align the clutch coil locating tabs with the 
holes in the compn110t front bead and 
continue to drive the rotor (126) and 
bearing (127) onto the &ont head (Fipn: 
,o). 

3. Rotor and bearing retaining ring (125) using J 
6083. 

NOTICE: See •Notice• on page lB-1 of this 
section. 

4. Pulley rim mounting acrews (129) and wuhen 
(130). 
• Apply approved thread aeala- to the threads 

of the pulley rim mounting screws. 
• Install pulley rim mounting screws (129) 

with new wahen (130). Do not tighten the 
screws (129). 

• Route the pulley (131) to be sure the rim 
rocatcs DI. altgnmeat. If the rim is distorted, 
adjust or npJace the pulley (131). 

~ Tighten 
• Scmn (129) to 11 N•m (97 lb. in.) 

• Bend the pulley wasben (130) to lock the 
screws(l29). 

S. autch drive (124). Refer to •Compressor Cut.ch 
Plate and Hub• replacement procedure in this 
section. 

6. Shaft: nut (122). Refer to •Compressor Cutch 
Plate and Hub• ttplrmt procedure in this 
section. 

• T'llhten the compressor mounting brackets. 
7. Install the drive belt. 

Ill Adjlllt 

• Drive belt tension, if neceae:ry. Refer to 
COOLING AND RADIATOR. (Sl!C. 6B). 
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Compreuor CIU1ch Coll 1nc1 ·Pulley 
Figu,8137, 42, 43 •nd 47 

E3 RIIIICIVI or Dllconnect 
Tools Required: 

J 6083 Snap Ring Pliers 
J 25031 Rotor and Bearing Pulley 
J 26271-A Rotor and Bearing Installer 

1. CompitSIOr clutch drive (124). Refer to 
•eomprellOI' Clutch Plate and Hub• 
replacement procedure in this section. 

2. Rotor (i26) and bearing retaining ring (125). 
• Remove the rotor (126) amt bearina 

retaining ring (125) using J 6083 (Figure 
42). 

• Mark the location of the clutch coil 
terminals for refen:nce during assembly. 

3. Compressor clutch coil (128). pulley (131). rotor 
(126) and bearing (127). 
• Install J 25031 so the puller arms engage the 

recessed edge of the rotor hub. 
• Holding J 25031 int tia)rtm the puller 

screw epiDSC the p guide to remove the 
clutch coil (128) and pulley (131) with the 
clutch rotor (126) and bearing (127) (F'ipre 
43). 

4. Pulley rim mounting ICff:WI (129) and wuhers 
(130). 
• Bend the washers (130) away from. the 

pulley . rim mounting screws (129) and 
remove the scmn (129) and washers (130). 
Discard the 11Crew1 (129) and washers (130). 

S. Pulley (131) and clutch coil (128). 

E3 lnstaD or Connect 

1. Clutch coil (128). pulley (131). rotor (126), 
beering (127), screws (129) and wuhen (130). 
• Assemble the clutch coil (128). pulley (131) 

clutch rotor (126) and bearing (127). 
• Apply approved thread aeeler to the thrads 

of iiew puDey rim mounting icrews (129). 
• Imtal1 the new pulley rim mounting screws 

(129) with new wuben (130) but do not 
tighten the screws (129). 

, • Place the uaembly on tbe neck of the 
com~r front heed and seat the rotor 
(126) by driving the essembly into place 
using J 26271-A and a small hammer 
(Figure 47). Keep the clutch coil locating 
tabs aligned with the holes in the 
compressor front head while 1e,1ting the 
rotor (126) and bearing (127). •-

2. Rotor and bearing retaining ring (125) min& J 
6083 (Figure 42). 

3. Out.ch ))]ate and hub. Refer to "Compraaor 
Outch Plate and Hub• replacement procedure in 
this section. 

4. Shaft nut (122). Refer to •compn.-,r Clutch 
Plate and Hub• rq,lacement procedure in this 
section. 
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• Rotate the pulley (131) to be sure the rim rotates 
in alignment. If the rim is distorted, adjust or 
replace the pulley (131). 

NOTICE: Sec •Notice' on page lB-1 of this 
section. 

~ iaghtan 

• Pulley rim mounting screws (129) to 11 N • m (97 
lb. in.). . 

• Bend the washers (130) to lock the screws. 
• Tighten the compressor mounting brackets or 

accmory bracket as required. 
S. Drive belt. 

~ Adjust 

• Drive belt tension. if necessary. Refer to 
COOLING AND RADIATOR (SEC. -6B). 

Compreaor 
FigutN 48 and 49 

E3 Remove or Dllconnect 

1. Refrigerant. 
• Discharge tlie syitem. Refer to 

'Discharging, Adding Oil, Evacuating and 
Charging CCOT Systems• in this section. 

2. Drive belt from compressor pulley. Refer lo 
COOLING AND RADIATOR (SEC. 68). · 

3. Electrical connectors at the compressor (48). 
4. Refrigerant lines. 

• Remove the screw (116) and 0-ring (117) 
from the refrigerant line connector block 
(118) at rear of the compressor (48). 

0 MODULE 

1481 ACCUMULATOR 

1481 COMPRESSOR 

150 I MUFFLER 

r B21 0-RING 

BLINE 
BLINE 
l11el scREW 

B 0-RlNG 

. ~ CONNECTOR BLOCK 

• Remove the connector block (118) and 
· discard the 0-ringa (117). 

• Seal both open porta in the CODDeCtor block 
(118) with tape to prevent dirt or moisture 

· contamination in the system. 

5. Compressor brace nuta (143) ~ brace (142). 
6. Com.Pressor mounting bolts (101 and 119) -and 

nut (120). 
7. Compressor (48). 
8.. Fuel feed shield (141) and attaching screws. 

E3 1111110 or Connect 

NOTICE: Sec 'Notice' on page 18-1 of this 
section for steps 3, 4 and 5. 

1. Refrigerant oil Refer to 'Discharging. Adding 
Oil, Evacuating and Charging CCOT Systems' in 
this section. 

2. Fuel feed shield (141) and attaching screws. . 
3. Compressor (48), bolts (101 and 119) and nut 

(102) to the mounting bracket. 

,~, Tighten 

• Bolts to 50 N-•m (37 lb. ft.). 
4. Compressor brace nuta (143) to brace (142). 

Ill Tightan 
• Nuts to SO N·m (37 lb. ft.). 

S. Refrigerant tines. 
• Coat new 0-ringa with refrigerant oil 
• Install 0-rinp (117) and the .refrigerant line 

connector block (118) to the back of the 
compressor (48) with the bolt (116) and 0-ring 
(117). 

Figure 48 - Compressor Refrigerant Hoses - Typical 



Ill Tightln 
• Boh (116) to 34 N ·m (25 lb. ft.). 

6. Electrical conncctors to the compressor ( 48). 
7. Drive belt to the comprcssor pulley. 

IL!J 1n1pect _ 

• Drive belt tension. Refer to COOLING 
AND RADIATOR (SEC. 6B). 

8. llefrigerant. · 
• Evacuate and charge the system. Rder to 

'"Discharging, Adding Oil, Evacuating anc1· 
Charging CCOT Systems'" in this section. 

• Test system performance if the compn:ss01' 
WU aerviced. _Refer to 'Testing Air 
Conditioning Performance• in this section. 

Comp1'8110r Mounting Bracket 
Figura 49 and 60 

E3 Remove or Disconnect 
1. Compressor (48). Refer to '"Compressor'" in this 

section. 

2. Air pump. Refer to DRIVEABILITY AND 
EMISSIONS - GENERAL INFORMATION 
(SEC. 6E2). 

3. Belt tensioner. Refer to COOLING AND 
RADIATOR (SEC. 6B). 

4. Brace mounting nuts (1S5) . 

. ~ r.:J 
. ~ 

-1481 COMPFIESSOR 

11011 BOLT 

Ei! BOLT 

~-

~ :,,e 

~ NUT 

~ STUD 

!1411 SHIELD 
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5. Brace (154). 
6. Mounting bracket attaching bolts (104 or 119). 
7 • . Mounting bracket attaching nuts (105 or 120). 
8. Mounting bracket (152). 

E3 Install or Connect 
NOTICE: The proper compressor mounting 
bracket assembly sequence must be followed to 
prevent poss1"ble distortion of the bracket. 

NOTICE: See 'Notice" on page lB-1 of this 
section for steps 3, 4 and 6. 

1. Compressor mounting bracket (153). 
2. Mounting bracket attaching nuts (105 or 120) to 

studs, finger tight. 
3. Mounting bracket attaching bolts (104 or 109). 

~ Tighten 
• Bolts (104) to 30 N ·m (22 lb. ft.). . 
• Bolts (119) to 50 N·m (37 lb. ft.). 

4. Mounting bracket attaching nuts (105 or 120). 

Iii Tighten 
• Nuts (105) to 30 N ·m (22 lb. ft.). 
• Nuts (120) to 25 N ·m (18 lb. ft.). 

S. Brace (154). 
6. Brace mounting nuts (155). 

~ BRACE 

~ NUT 

~ BRACKET 

Agure 49 - Compressor Mounting Brackets (V6 Engine) 
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( 481 COMPRESSOR 

1101! BOLT 

E3 BOLT 

~ NUT 

~ STUD 

~ BRACKET 

~ &RACE 

~ NUT 

Figure 50 - Compressor Mounting Bracket (VB Engine) 

mi Tighten 
• Nuts to 25 N ·m (18 lb. ft.). 

FASTENER TORQUE SPECt,FICATIONS 

7. AIR pump. Refer to DRIVEABILITY AND 
EMISSIONS - GENBRAL INFORMATION 
(SEC. 6E). 

8. Belt tensioner. Refer to COOLING AND 
RADIATOR (SEC. 6B). 

9. Compressor (48). llmc:r to •Compressor• in this 
section. 

SPECIFICATIONS 

Liquid Line Filter Compression Nut ............................................................... 15 N •m (11 lb. ft.) 
Condeziseir-to-Li~ line Fitting ........................................................................................................... !••······· 16 N ·m (t·2 lb. ft..) 
Evaporator Inlet-to-Liquid Line Fitting ........................................................... 23 N ·in (17 lb. ft.) 
Control Aasemb. ly Retaining Screws ............................................................... 1.4 N •m (12 lb. in.), 
Rmistor Assa:nbly Mo1JDting Screw'S ••••••••••••••••••••••••••••••.•.••••••.••••••••.....••.•.•••• 1.5 N·m (17 lb. in.) 
Radio and Air Conditioning Control Console Trim Plate RJ!taining 

Sc11,ws · ........................................................... _ .................. : ................................. _ ....................................................... 1.4 N •m (12 lb •. in.) 
Air -conditioning Cutout Relay Mounting Screws ......................................... 6.8 N ·m !16 lb. in.) 
Pressure. ~ Cycling Switch ...................................... , .................................................................................... 5.0 N·m 44 lb .. in.) 
Blow« Refay B.racket Retaining Screws ............ , ....................................... , .......... -.................... 1 .. 5 N ·m 13 Ib. ~) 
Vacuum :rank Mounting Screws ...... : .. ····""··--····· .. ··· .. ······· .. ··········................. 5.0 N ·m .44 lb. in.) 
Heater Pipe Connector Nut (V6 En1111e) ........................................................... 23 N•m (17 lb. ft.) 
Heater Pipc-~tor Bracket Screw (V6 Engine) ................................... 10 N·m (89 lb. in.) 
Heater Pipe-to-Side Rail Screw ........................................................................ 1.4 N·m !12 lb, !11-) 
Rea.~ Hc,se .Clamp Screws .............................................................................................................. 1.7 N:m . 15 lb .. !JL) 
Refrigerant llose Repair Clamp .Screws .................... ;.................................... 4.5 N m 40 lb. m.) 
Condc:nscr Retabung Screws ............................................................................ 10 N•m (89 lb. in.) 
Compressor Shaft Nut .. _._ ..... - ........................................ !I ..................................................................................... ,,........ 14 N ·m (124 lb .. in.) 
Compressor Pulley Rim Mounting Screws ....................................................... 11 N•m (97 lb. in.) 
Compressor Mounting 'Bolts ............................................................................................................... :- ..... '!' ........... _.......... 50 N • m (37 lb .. ft.) 
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Compressor Brace N:uts .......................................... _........................................ SO N ·m (37 lb. ft.) 
Refrigerant l.ine Connector Block Bolt ............. ~ ............................................. 34 N•m (2S lb. ft.) 

~!;~~~~~.~~~~ .............................................................................. SO N·m (37 lb. ft.) 
V~ Engines ••.•. ~ ......... · .................................................................................... -.. 30 N • m (22 lb. ft.) 

°;1t;!e~~~~-~~~ .. ~~~: ................................................................ 25 N ·m (18 lb. ft.) 
VS 'Engines ......................... -........................................................................... 30 N ·m (22 lb. ft.) 

Compressor Bracket Brace Mounting Nut ....................................................... 25 N·m (18 lb. ft.) 

REFRIGERANT LINE CONNECTION TORQUE SPECIFICATIONS 

Sw.fTubing Alumirunoreopp.r 
Metal Tube Thrudend Torque Tubing Torque Namln■l Torque 

Ouaid■ DillMtlt' Fitting Size N·m Lb.Ft. N·m Lb. Ft. Wrench Span 
1J." .,,,,. 17 13 8 71 lb. in. ..,. .. 
:Jfr." .,.. 44 32 ti 12 ~-
'12" 1/4" 44 32 23 17 ,,.. 
11/t" 'I•" 44 32 33 24 , ,,,, .. 
31,.• 11/te" 44 32 41 30 , 1J.• 

NOTE: Use "Suef Tubing Torqw" wt,en tube it ~d IINl·to-st•l. If ltetll COlfi11C11Dn ii made to aluminum or copper tube fittings. UH 
appropriate•• Aluminum or Capper Tubing Torque" apeciftcationa. 
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SPECIAL TOOLS 

II] J&083 .J23500-A 
0 [!] J.23900-C 

-1 -24410.S 
J34000-A 

0~ 
J8742-03 

[!] ~ J9398-A 

0 ! Q J9399 
~ J23576-01 

0 ~ J948~8 

[ill 

ill (@ J9481-A 

0 ~ J22132-02 

DJ SNAP RtNG PUERS 

[I} PRECISION THl:RMOMETER 

0 PULLEY BEARING REMOVER 

[I] THIN WALL SOCKET 

[!] CLUTCH PLATE AND HUB INSTALLER 

[!] PULLEY AND BEARING INSTAU.ER 

0 AC~ESS VALVE CORE REMOVER AND INSTALLER 

[!] CONTROL VALVE 

0 CHARGINGSTATION 

~ MANIFOLD ANO GAGE SET 

E!] VACUUM PUMP 

(I!] COMPRESSOR CLUTCH HUB HOLDING TOOL 

[!!) ROTOR AND BEARING PUU.ER 

J24384-8 
J28886-8 



~ STRAIGHT GAGE ADAPTER 

[!!) 90-DEGREE ANGL.£ GAGE ADAPTER 

[!!) ROTOR AND BEARING INSTALLER 

[!] EXPANSION T\JBE' REMOVER 

(!!] LEAK DETECTOR 

IIIAIUAl.LY COITROWD All COIDITIOIIII 18-1& · 

J25418-A 

J21271-A 

J28&49-D 

I!!] LEAK oem:TOR 

~ HANOL.£ 

e!] CLUTCH PLATE AND HUB REMOVER 

e!J VACWMPUMP 

~ FLEXIBLE GAGE ADAPTER 

J29186 

J33013-8 

J34122-A 
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SECTION 1D1 

R-4 AIR CONDITIONING COMPRESSOR 
OVERHAUL 

· For compressor removal and installation, refer to MANUALLY CONTROLLED AIR CONDITIONING 
(SEC. lB). For -discharging, adding oil, evacuating and charging procedures for A/C systems, refer to 
MANUALLY CONTROLLED AIR CONDmONING (SEC. 1B). . 
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Clutch ................................................. 1D1-7 
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Discharge Valve Plate and Retainer ......... 1D1-18 
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GENERAL DESCRIPTION 

M22 X 1.5 THREAD 

6 POLE DRIVER
SHORT SHAFr 

M22 X 1.5 THREAD 

4 POLE DRIVER
SHORT SHAFT 

J 0 1D1 

Figure 1-R-4 Compressor Clutch Drives - Short Shaft 
Design 

Two clutch drivers are used on the R-4 air 
conditioning compressor that incorporate a short shaft 
design. They are a four-pole driver and a six-pole 
driver, both of which have M22 X 1.5 threads (past 
models had 7/8-14 UNF threads). Figure 2 shows a 
cross section of the short shaft design. The type of 
clutch driver should be identified prior to starting 
overhaul procedures. 

When servicing the compressor, it is essential that 
steps be taken to prevent dirt or foreign material from 
getting on·· or into the compressor parts and system 
during disassembly or reassembly. Clean tools and 
clean work area are very important for proper service. 
The compressor coMection areas and the exterior of 
the compressor should be cleaned off as much as 
possible prior to any "on-vehicle" repairs or removal 
of the compressor for workbench service. The parts 
must be kept clean at all times and any parts to be 
reassembled should be cleaned with trichloroethane, 
naphtha. stoddard solvent, kerosene or equivalent 
solvent and blown dry with dry air. When necessary to 
use a cloth on any pa.rt, it should be of a nonlint 
producing type. 

Although certain service operations can be 
performed without completely removing the 
compressor from the vehicle. the operations described 
are based on bench over-haul with the compressor 
removed from the vehicle. They have been prepared in 
order of accessibility of the components. If compressor 
is removed from brackets but not disconnected from 
lines and hoses, the system is not discharged. Pad 
fender skirt and secure compressor near top of fender 
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4 POLE CLUTCH
SHORT SHAFT 

1. COMPRESSOR SHELL 
2. ROUPINS . 
3. THRUST AND BELLEVILLE 

WASHER 
4. MAIN BEARING-FRONT 
5. CLUlCH COIL TERMINALS 
8. PULLEY RIM 
7. PULLEY RIM MOUNTING SCREW 

AND LOCKWASHER 
a ROJOR BEARING 
9. ROJOR BEARING RETAINER 

10. SEAL SEAT REll'INEA 
11. SHAFT KEY 
12. SHAFT NUT 
13. SHAFT SEAL 
14. CLUlCH DRIVE ASSEMBLY 
15. ROTOR AND HUB ASSEMBLY 
18. CLUlCH COIL AND HOUSING 

ASSEMBLY 
17. SEAL SEAT 0-RING 
18. FRONT HEAD 
19. VALVE PLATE ASEMBLY 
20. VALVE PLAT'E RETAINING RING 
21. SHELL RETAINER 
22. PISTON ASSEMBLY 
23. MAIN BEARING - REAR 
24. SUCTION PORT 
25. DISCHARGE PORT 

Figure 2-R-4 Compressor Cross Section Shaft Design 

HZOOOS.1D1 

Figure 3-R-4 Compressor With Four-Pole Clutch 

Figure 4-R-4 Compressor With Six.Pole Clutch 

skirt with wire, rope, etc. when . performing on--car 
service. 

When the R-4 compr,ssor Is removed 
from the vehicle for servicing, the amount of 
oil remaining In the compressor- should be 
drained, measured and recorded. Thia oll 
should then be discarded and the same 
amount-of new 626 viscosity refrigerant oil 
added to the compressor (See "Refrigerant 
Oil . Distribution" In the Air Conditioning 
Section 1 B). 



1-RETAINER RING 

2-SHAFT SEAL 

4-0-AING, SEAL SEAT 

6-SHAFT SEAL KIT 

6-SCREW AND WASHER 
ASSEMBLY FRONT 
HEAD MOUNTING 

7-FRONT HEAD 

8-MAIN BEARING 

9-RING SEAL, FRONT 
HEAD TO CYLINDER 

10-SHELL 

11-0-RING, CYLINDER 
TO SHELL 

12-TH RUST WASHER 

13-BELLEVILLE WASHER 

14-THRUSTWASHER KIT 

15-CYLINDER AND SHAFT 
ASSEMBLY 

18-RETAINER RING 

17-VALVE PLATE 

18-SHIPPING PLATE 

19-SCREW 

20-0-RING SUCTION-
DISCHARGE PORTS 

21-PRESSURE RELIEF 
VALVE 

22-0-RING, PRESSURE 
RELIEF VALVE 

23-SHAFT NUT 

24-CLUTCH HUB KEY 

26-CLUTCH DRIVE 
ASSEMBLY 

28-RETAINER RING 

27-ROTOR 

28-ROTOR BEARING 

29-ROTOR ANO BEARING 
ASSEMBLY 

30-COIL AND HOUSING 
ASSEMBLY 

31-PULLEY RIM MOUNT• 
INGSCAEW 

32-PULLEY RIM 

11-4 AIR CONDITIONING COMPRESSOR OVERHAUL -1 D1-3 
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Figure &-R-4 Compressor Disassembled View 
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SERVICE PROCEDURES 

MINOR REPAIR PROCEDURES 
THE FOLLOWING OPERATIONS TO THE 

R-4 COMPRESSOR CLUTCH PLATE AND 
HUB, ROTOR AND BEARING. AND COIL & 
PULLEY RIM ARE COVERED AS "MINOR" 
BECAUSE THEY MAY BE PERFORMED 
WITHOUT FIRST DISCHARGING THE 
SYSTEM OR . REMOVING THE 
COMPRESSOR FROM THE VEHICLE. 

The two types of drive systems used on the R-4 
Compressor (V-groove type and poly-groove type) 
affect only minor repair procedures and are so noted 
where required. Major repair procedures are not 
affected by the type of drive system. 

The Compressor Shaft Seal assembly, and 
Pressure Relief Valve may also be serviced WITHOUT 
REMOVING THE COMPRESSOR from the vehicle 
but these operations arc covered later in this section as 
MAJOR REPAIR PROCEDURES because the 
system must be discharged,. evacuated and recharged 
to complete service. 

Illustrations used in describing these operations 
show the compressor removed from the vehicle only to 
more clearly illustrate the various operations. 

When servicing the compressor, remove only the 
necessary components that prefuninary diagnosis 
indicates are in need of service. Refer to the AIR 
CONDITIONING section and Figures 4 and 5 for 
information relative to parts nomenclature and 
location. 

Removal and installation of external compressor 
components and disassembly and assembly of internal 
components must be performed on a clean workbench. 
The work area, tools and parts must be kept clean at 
all times. 

CLUTCH PLATE AND HUB ASSEMBLY 
Figures 8 through 10 

CLUTCH PLATE AND HUB ASSEMBLY 
INSTALLATION AND REMOVAL 
PROCEDURES · FOR THE SIX•POLE 
CLUTCH ARE THE SAME AS THE 
FOUR-POLE CLUTCH WITH THE 
EXCEPTION OF THE CLUTCH HUB 
HOLDING TOOL .. USE J-33027 FOR 
BOTH CLUTCHES. 

!++I Remove or Disconnect 

1. If compressor is on the vehicle, disconnect the 
compressor drive belt and reposition the 
compressor for access, if necessary. Refer to 
COOLING AND RAD IA TOR (SEC. 6B). If 
compressor has been removed from the vehicle, 
attach the compressor to Holding Fixture 
J-25008-A and clamp the Holding Fixture in a 
vise. 
• Compressor mounting holes arc metric. Use 

proper metric bolts with holding fixture 
J-25008.A. 

I-SUCTION 
PORT 

2-0-RING 
3-DISCHARGE 

rORT 
4-HIGH 

PRESSURE 
· RELIEF 

5-J-25008-A 
HOLDING 
FIXTURE 

Figure 6-Compressor In Holding Fixture 

2. Keep the clutch hub from turning · with the 
Clutch Hub Holding Tool J-33027 remove, and 
discard the shaft nut, using Thin Wall Socket 
J-9399. 

1-J-25030 
CLUTCH HU 
HOLDING 
TOOL 

2-J-9399 . 
SHAFT NUT 
SOCKET 

3-CLUTCH 
ASSEMBLY 

4-J·25008·A 
HOLDING 
FIXTURE 

Figure 7-Removing Shaft Nut 

3. Thread the Clutch Plate and Hub Assembly 
Remover J-33013-B into the hub. Hold the body 
of the Remover with a wrench and turn the center 
screw into the Remover body to remove the 
Clutch Plate and Hub assembly. 

4. Shaft key. 

E3 Install or Connect 

1. Shaft key in hub key groove. Allow the key to 
project approximately 4.8mm (3/16") out of 
keY:way. · 

The shaft key is curved slightly to provide an 
interference fit in the shaft key groove of the hub. 

2. Be sure the frictional surface of the clutch plate 
and the clutch rotor are clean before installing the 
Clutch Plate and Hub ~mbly. 

3. Align the shaft key with the shaft keyway and 
place the Clutch Plate and Hub assembly onto the 
compressor shaft. 



OJ J-33013-B 1:tUB AND @ CLUTCH PLATE ANO 
CLUTCH DRIVE PLATE HUB ASSEMBLY 
ASSEMBLY REMOVER 

HI 10-1D1-0 

Figure 8-Clutch Plate And Hub Assembly Removal 

1-CLUTCH 
PLATE 
AND HUB 
ASSEMBLY 

2-CLUTCH 
ROTOR 

3-SHAFT 
KEY 

120010-1D1 

Figure 9~nstalling Shaft Key 

NOTICE: To avoid internal damage to the 
compressor, do not drive or pound on the clutch 
hub or shaft. 

·4, Install the Clutch Plate and Hub Installer 
J-9401-B. · 

S. Hold the hex portion of the Installer Body 
J-9401-B with a wrench and tighten the center 
screw to press the hub onto the shaft until there 
is a 0.5mm - 1.0mm (0.020-0.040 inch) air gap 
between the frictional surfaces of the clutch plate 
and clutch rotor. 

6. Install a new shaft nut with the small diameter 
boa of the nut against the crankshaft shoulder, 
using Thin Wall Socket J-9399. Hold the Clutch 
Plate and Hub assembly with Clutch Hub 
Holding Tool J-33027 and tighten to 14 N·m (10 
lb. ft.) torque, using a 0-60 N · m (0-2.5 lb.ft.) 
torque wrench. 

7. If operation is performed with compressor on 
vehicle. connect drive belt and adjust belt tension. 
Refer to COOLING AND RADIATOR (SEC. 
6B). . 

R-4 AIR CONDmONING COMPRESSOR OVERHAUL 1D1:& 

1- DRIVEPI.ATE 
INSTALLER 
J9401-8 

2- DRIVE PLATE 
INSTALLER 
BEARING 

3- AIRGAP 
1.020·-.040"1 

4- CLUTCH PLATE 
ANDHUBASM. 

KC0001- D1~P 

Figure 10 - Installing Clutch Plate and Hub Assembly 

CLUTCH ROTOR AND BEARING: FOUR POLE 
CLUTCH 
Figure 11 through 20 

E3 Remove or Disconnect 

1. Clutch Plate and Hub assembly 
2. Rotor and Bearing assembly retaining ring, using 

Snap Ring Pliers J-6083. Mark the location of the 
clutch coil terminals. 

1-J6083 
PLIERS 

2-CLUTCH 
ROTOR 

3-RETAINER 
RING 

12001 -1D1 

Figure 11-Removing Rotor and Bearing Assembly 
Retainer Ring 

If only the Clutch Rotor and/or Rotor Bearing 
are to be replaced, bend the lockwashers away 
from the pulley rim mounting screws, and remove 
the six mounting screws and special lock washers 
before proceeding with Step 3. Discard the lock 
washers. 

3. Install Rotor and Bearing Puller J-25031 down 
into the rotor until the Puller arms engage the 
recessed edge of the rotor hub. Hold the Puller 
and arms in place and tighten the Puller screw 
against the Puller Guide to· remove the Clutch 



1D1-1 R4AIR CONDmONiNG COMPRESSOR OVERHAUL 

1-J 26031 
ROTOR AND 
BEARING 
PULLER 
GUIDE 

2-PULLEY ARM 

3-PULLEY RIM 
$CREW AND 
LOCKWASHER 
(8) LOCATIONS 

' . 

Figure 12-lnstalling Rotor and Bearing Puller Guide 

Rotor and Bearing assembly. being careful not to 
drop the Puller Guide. 

1-J-25031 
ROTOR 
AND 
BEARING 
PULLER 

2-J-25031 
.GUIDE 

Figure 13-Removing Clutch Rotor Assembly 

4. If the pulley rim mounting screws and washers 
were removed in Step 2, only the Clutch Rotor 
and Bearing assembly will be removed for 
replacement. The Clutch Coil and Housing 
assembly is pressed onto the Front Head of the 
compressor and will not be removed unless the 
pulley rim mounting screws are left securely in 
place and the pulley rim pulls the Coil and 
Housing assembly off with the total Clutch Rotor 
and Pulley Rim Assembly. 

S. Place the Rotor and Bearing assembly on blocks. 
Drive the bearing out of the rotor hub with Rotor 
Bearing Remover J-9398-A. 

It is not necessary to remove the staking at the 
rear of the rotor hub to remove the bearing. However, 
it will be necessary to file away the old stake metal for 
proper clearance for the new bearing to be installed 
mto the rotor bore, or the bearing may be damaged. 

1-J-29886 
DRIVER 
HANDLE 

2-J-9398-A 
ROTOR 
BEARING 
REMOVER 

20011-1D1 

Figure 14-Clutch Rotor Bearing Removal 

1-BEARING 
STAKE 
LOCATION 

Figure 15-Rotor and Bearing Assembly 

E3 Install or Connect 

1. Place the Rotor and Hub assembly face down on 
a clean, flat and firm surface. 

2. Align the new bearing squarely with the hub bore 
and using Pulley and Bearing Installer J-9481-A 
with Universal H~dle J-29886, drive the bearing 
fully into the hub. The Installer will apply force 
to the outer race of the bearing if used as shown. 

3. Using a center punch with a 45" angle point, stake 
1.1 - 1.4mm (0.045-0.055 inches) deep the bearing 
in three places 120' apart, 1:,ut do not stake too 
deeply to avoid distorting the outer race of the 
bearing. 

4. Replace rotor and bearing assembly. 
On-Vehicle 
A. Position the Rotor and Bearing assembly on 

the front head. 
B. With Rotor & Bearing Installer J-26271-A 

(without driver handle) in position and 
Rotor and Bearing assembly aligned with 
the F·ront Head. drive the assembly part 
way onto the head. 

C. Plug clutch coil connector onto Clutch Coil. 
D. Position the Clutch Coil so the three 

locating tabs will align with the boles in the 
head and continue to drive the Rotor and 
Bearing assembly onto the front head. 



1-J-29888 DRIVER 
HANDLE 

2-J-9481-A 
PULLEY 
BEARING AND 
PULLEY · 
INSTALLER 

3-ROTOR 
BEARING 

4-ROTOR ANO 
HUB ASM. 

m-~~ 
m---
m 

' 
Figure 16-lnstalling Clutch Rotor Bearing 

) 
J-28271-A 

12001 1D1 

Figure 17-tnstalling Rotor and Bearing Assembly 
(On-Vehicle) 

E. Install the retainer ring. 

F. Reassemble the Clutch Plate and Hub with 
the shaft key onto the shaft with Installer 
J-9401-B until 0.5 to 1.0mm (0.020 to 0.040 
inches) air gap is obtaine~. 

G. lnstallshaftlocknut. Torqueto 14N·m(10 
lb. ft.). 

On Bench 
Reassemble the Rotor and Bearing assembly to 
the front head of the compressor using Rotor & 
Bearing Installer J-26271-A. With Installer 
assembled to the Universal Handle, J-29886, 
force will be applied to the inner race of the 
bearing and the face of the rotor when installing 
the assembly onto the front head of the 
compressor. 

5. Install rotor and bearing ~mbly retainer ring, 
using Snap Ring Pliers J-6083. 

6. ApJ:?lY sealer (Loctite RC-75, Loctite 601 or 
equtvalent) to threads of pulley rim mounting 
screws. Install screws and new special lock 
washers but do not torque the screws. 

7. Rotate the pulley rim and rotor to insure that 
pulley rim is rotating "in-line." If pulley rim is 
distorted (does not rotate in-line), adjust or 
replace pulley rim. 

R-4 AIR CONDfflONING COMPRESSOR:OVERHAUL 1D.f.7 

1-J-29886 DRIVER 
HANDLE 

2-J-26271 ·A ROTOR & 
BEARING ASM. 

3-J-26008 ·A HOLDING 
FIXTURE 

H20011-1D1 

Figure 18-lnstalling Rotor and Bearing Assembly 
V-Groove Type 

8. Tighten pulley rim mounting screws to 11_ N • m 
(100 lb. in.) torque and lock screw heads in place 
by bending special lock washers, similar to 
original crimp and lock bends on washers. 

9. Reinstall Clutch Plate and Hub assembly as 
described in .. Clutch Plate and Hub" 
Replacement procedures. 

1-J-25031 
GUIDE 

2-J.25031 
ROTOR & 
BEARING 
PULLER 

3-POLY 
GROOVE 
PULLEY 
ROTOR 

Figure 19-Removing Clutch Rotor Anembly • 
Poly-Groove Drive 

CLUTCH ROTOR AND BEARING: SIX POLE 
CLUTCH 
Figuru 21 through 28 

l++I Remove or Dlaconnect 
1. Clutch plate hub assembly 
2. Rotor and bearing assembly retaining ring using 

Snap Ring Pliers J-6083 
3. Install Pulley Rotor and Puller Guide J-25031 to 

the front head and install J-33020 Pulley Rotor 
.and Bearing Puller down into the inner circle of 
slots in the rotor. Tum the J-33020 puller 
clockwise in the slots to engage the puller tangs 
with the segments between the slots in the rotor. 
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1-J.29886 
DRIVER 
HANDLE 

2-J.26271-A 
ROTOR& 
BEARING 
ASSEMBLY 
INSTALLER 

3-POLV 
GROOVE 
PULLEY 
ROTOR 

m 

Figure 20-lnstalling Rotor and earing Assembly, 
Poly-Groove Type (On Bench) 

4. Hold the J-33020 Puller in place and tighten the 
puller screw against the Puller Guide to remove 
the pulley rotor and bearing assembly. 

5. To prevent damage to the pulley , rotor during 
bearing removal, the rotor hub must be properly 
supported. 

Remove the forcing screw from J-33020 Puller 
and with the puller tangs still engaged in the rotor 
slots, invert the assembly onto a solid flat surface 
or blocks. 

1-CLUTCH COIL 

2-PULLEY BEARING 

3-POL Y GROOVE 
PULLEY ROTOR 

4-RETAINER 

6-CLUTCH DRIVE 
AND HUB 
ASSEMBLY 

&-SHAFT KEY 

7-SHAFTNUT 

rn 

I 
CD 

1-J.33020 
PULLEY ROTOR 
AND BEARING 
PUJ-LER 

2-PULLEY ROTOR 

7-1D1 

Figure 22-Pulley Rotor and Bearing Puller Installation 

J-33020 
PULLEY ROTOR ANO --.r 
BEARING PULLER 

lf2CION.1 D 1 

Figure 23-Pulley Rotor and Bearing Removal 

m 

Figure 21-Disassembled View of Poly Groove Pulley Drive 



6. Drive the bearing out of the rotor hub with Rotor 
Bearing Remover J-9398-A and J-29886 
Universal Handle. 
It is not necessary to remove the staking in front 
of the bearing. However, it will be necessary to 
file away the old stake metal for proper clearance 
for the new bearing to be installed into the rotor 
bore or the bearing may be damaged. 

1-.1-29886 
DRIVER HANDLE 

2-J-9398-A 
BEARING REMOVER 

3-J-33020 
(LESS FORCING 
SCREW) INVERT
ED AND USED TO 
SUPPORT HUB OF 

. ROTOR FOR BEAR· 
ING REMOVAL 
PULLER TANGS 
ENGAGED IN 
ROTOR SLOTS. 

H 1D1 

Figure 24-Bearing Removal 

E3 Install or Connect 

1. Place the Pulley Rotor on the J-21352-A Support 
Block to fully support the rotor hub during 
bearing installation. Do not support the rotor by 
resting the pulley rim on a flat surface during the 
bearing installation or the rotor face will be bent. 

2. Align the new bearing squarely with the hub bore 
and using Puller and Bearing Installer J-9481-A 
with with Universal Handle J-29886, drive the 
bearing fully into the hub. The Installer will apply 
force to the outer race of the bearing if used as 
shown. 

1-J-9481-A 
BEARING 
INSTALLER 

2-PULLEY 
ROTOR 

3-J-29886 
DRIVER 
HANDLE 

4-J-21352-A 
SUPPORT 
BRACKET 

H 

Figure 25-Bearing lnstallatlon 

R-4 AIR CONDmONING COMPRESSOR OVERHAUL :101-1 

1-J-33019-1 
BEARING 
STAKING 
GUIDE 

2..,.RUBBER 
~BAND 

3-J33019-2 
BEARING 
STAKING 
PIN 

HZD011-1D1 

Figura 26-Baaring Staking 

3. Place Bearing Staking Guide J-33019-1 and 
Bearing Staking Pin J-33019-2 in the hub bore. 
Shift the rotor and bearing assembly on the 
J-21352-A Support Block to give full support of 
the hub under the staking pin location. A heavy 
duty rubber band may be used to hold the stake 
pin in the guide, and the stake pin should be 
properly positioned in the guide after each impact 
on the pin. 

~~- STAKE THREE 
(3) LOCATIONS 
120' APART 

H20012,1D1 

Figura 27-Staking Location 

4. Using care to prevent personal injury, strike the 
staking pin with a hammer until a metal stake, 
similar to the original, is formed down to, but not 
touching, the bearing. Stake three places 120 
degrees apart. 

NOTICE: The stake metal should not contact the· 
outer race of the bearing to prevent the possibility 
of distorting the outer race. 

5. With the compressor mounted to the J-25008-A 
Holding Fixture, position the Rotor and Bearing 
Assembly on the front head. Using Rotor and 
Bearing Installer J-9481-A and Universal Handle 
J-29886 drive the rotor and bearing assembly 
onto the front head. With the Installer assembled 
to the Handle, force will be applied to the inner 
race of the bearing when installjng the assembly 
onto the front head of the compressor. 

6. .Install rotor and bearing assembly retainer ring, 
using Snap Ring Pliers J-6083. 

7. Reinstall clutch plate and hub assembly as 
described previously. 
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1-29886 
DRIVER HANDLE_· 

2-J-948 1--A 
PULLEY ROTOR 
AND BEARING 
INSTALLER 

3-PULLEY ROTOR 

2001:,.101 

Agure 28-Pulley Rotor an~ Bearing Installation 

CLUTCH COIL AND PULLEY RIM 
F',guru 29 through 34 

Clutch coil and pulley rim Installation 
and removal procedures for the six-pole 
clutch are the same as the four-pole clutch 
with the exception of Steps 1 through 4 of 
the clutch rotor and/or bearing • Six-Pole 
Clutch, removal or disconnect must be used. 

V-Groove Drive 

E3 Remove or Disconnect 

1. Perform Steps 1 through 4 of CLUTCH ROTOR 
AND BEARING removal procedure but do not 
loosen or remove the pulley rim mounting screws 
until the Clutch Rotor, Coil and Pulley Rim 
assembly have been removed from the Front 
Head. Be careful not to drop the Puller Guide 
J-2503 l when removing the assembly. 

2. Remove the pulley rim mounting screws and 
special lock washers. Discard the lock washers 
and screws. 

3. Slide the pulley rim off the Rotor and Hub 
assembly. The Pulley Rim and the Clutch Coil 
are replaceable at this point. 

FRONT 
SURFACE 

1520021-1D1 

Figure 29-Clutch Coil Aaembly 

Poly-Graave Drive 

E3 Remove or Diaconnect 

1. Clutch plate and hub assembly 
2 • . Pulley rotor and bearing ~bly. Mark the 

location of the clutch coil terminals on the 
compres.,or. 

3. Install Rotor and Bearing Puller Guide J-25031 
to the front head and install Puller J-8433 with 
.Poly-V-Belt Puller Leg Set J-24092 and remove 
the clutch coil from the front head. Clutch coil 
may also be removed by using rotor and Bearing 
Puller Guide J-25031 with Puller Tool J-25287. 

J 

m 

1-J-24092 PULLER LEGS 
2-J-8433 PULLER 
3-J-26031 GUIDE 
4-CLUTCH COIL 

120022-1D1 

Figure 30-Removing Poly-Groove Clutch Coll 

V-Groove Drive 

1-++1 Install or Connect 
1. ~ble the Clutch Coil, Pulley Rim and the 

Clutch Rotor and Bearing assembly. Use new 
screws and special lock washen and apply sealer 
(Loctite RC-75, Loctite 601, or equivalent) to 
screw threads but do not lock the screws in place. 

2. Place the assembly on the neck of the Front_ Head 
and seat into place using Rotor & Bearing 
Installer J-26271-A. 

Before fully seating the assembly on the Front 
Head, be sure the clutch coil terminals are in the 
proper location in relation to the compressor and 
that the three protrusions on the rear of the 
clutch coil align with the locator holes in the 
Front Head. 



1-J-26287 CLUTCH COIL PULLER 
2-J-25031 GUIDE 
3-J-25008-A HOLDING FIXTURE 
4-CLUTCH COIL 

Figure 31-Removing Poly-Groove Clutch Coil (Optional 
Method) 

1-CLUTCH 
COIL AND 
HOUSING 
ASM. 

2-PULLEY 
RIM m 

Figure 32-Assembling Clutch Coil, Pulley Rim, Rotor and 
Bearing 

3. ~tall the rotor and bearing assembly retaining 
nng and reassemble the Clutch Plate and Hub 
~bly as descriJ,ed in "Clutch Plate and Hub 
Assembly" Replacement procedure. Check to see 
that the clutch plate to clutch rotor air gap is 0.5 
to 1.0mm (0.020 to 0.040 inches). 

Rotate the Pulley Rim and Rotor to be sure the 
Pulley Rim is rotating "in-line" and adjust or 

- replace as required. 

4. Tightcn the 1;>ulley rim mounting screws to 11 
~-m (100 lb. m.) torque and lock the screw heads 
m place by bending lock washers similar to 
original crimp and lock bends on washers. 
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1-MOUNTING 
NOTCHES(JI 

2-MOUNTING ,' • 
HOLES( 

Figure 33-Pulley Rim Mounting Location Detail 

m 

1- MOUNTING NOTCHES 
2- MOUNTING SLOTS 

IT] 

Figure 34-Pulley Rim Mounting Location Detail -
Optional Design 

Poly-Groove Drive 

E3 Install or Connect 

1. Place the clutch coil assembly on the neck of the 
front head with clutch coil terminals in line with 
mark scribed in Step 2 of the removal procedure. 

2. Place the pulley rotor and bearing assembly on 
the neck of the front head and seat the clutch coil 
and pulley rotor in place using Rotor and Bearing 
Installer 1-26271-A. · 
Before fully seating the assembly on the front 
head, be sure the clutch coil terminals are in 
proper location in relation to the compressor and 
that the three protrusions on the rear of the 
clutch coil housing align with the locator holes in 
the front head. 

3. Install the pulley rotor and bearing assembly 
retaining ring and reassemble tlie clutch plate and 
hub assembly as described in "Clutch Plate and 
Hub Assembly." 

4. Check to see that the clutch plate to clutch rotor 
air gap is 0.5 - 1.0mm (0.020 - 0.040 inches). 
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MAJOR REPAIR PROCEDURES 
Service repair procedures to the 

Compressor Shaft Seal, Pressure Relief Valve 
or disassembly of the Internal Compressor 
Cylinder and Shaft Assembly-are considered 
"MAJOR" SINCE THE REFRIGERATION 
SYSTEM MUST: BE DISCHARGED, 
EVACUATED AND RECHARGED to complete 
service and/or because major internal 
operating and sealing components of the 
compressor are being disassembled and 
serviced. 

When replacing the shaft seal assembly or 
preaure relief valve, even if the compressor remains on 
the vehicle during the operation, it will be necessary to 
discharge the system of refrigerant {see Section lB). 
Other than clutch repair procedures, the same holds 
true for any disassembly of the compressor. 

If ~he compressor shell, front head or cylinder 
and shaft assembly are to be serviced or replaced, the 
oil in the compressor must be drained, measured and 
replaced {sec Section lB) to determine addition of 
proper oil quantity to new assembly. 

A clean workbench, preferably covered with a 
sheet of clean paper, orderliness in the work area and 
a place for aU parts being removed and replaced is of 
great importance, as is the use of the proper, clean 
service tools. 

NOTICE: Any attempt to use make-shift or 
inadequate equipment may result in damage 
and/or improper compressor operation. 

All parts required for servicing the internal 
compressor are protected by a preservation process and 
packaged in a manner which will eliminate the 
necessity of cleaning, washing or flushing of the parts. 
The-parts can be used in the internal assembly just as 
they are removed from the service package. Seals and 
protective packaging should be left intact until just 
prior to installation. 

SHAFT SEAL 
Flgum _36 through 40 

Shaft Seal Design 
The shaft seal is a one piece design. 

Saal Leak-Detection 
A shaft sc,a1 should not be changed because of an 

oil-line on the hood insulator. The Seal is designed to 
seep some oil for lubrication purposes. Only change a 
Shaft Seal when a leak is detected by evidence of oil 
sprayed in large amounts and then only after actual 
refrigerant leakage is found by using an approved leak 
Detector such as J-2954 7 or equivalent. 
_ Should an R-4 compressor shaft seal ever have to 

be replaced, the accumulator in this R-4 system must 
also be removed from the vehicle. The oil in the 
accumulator then must be drained, measured and 
replaced according to the directions in Section lB to 
determine oil loss. 

Replacement (On-Vehicle) 

E3 Remove or Disconnect 

1. Discharge A/C system. Refer to Section 1B. 
2. Clutch Plate and Hub assernl;,ly~ Refer to • Clutch 

P~te and Hub Assembly• in this section. 
3. Shaft seal seat retainer ring, using Snap Ring 

Pliers J-5403-A. 
4. Thoroughly clean inside of compressor neck area 

and 0-ring groove surrounding the shaft,, the 
exposed portion of the seal seat and the shaft 
itself. Af.ly dirt or foreign material getting into 
compressQr may cause damage. 

S. Remove Lip Seal: 
• Fully engage the knurled tangs of Seal 

Remover-Installer J-23128-A into the 
recessed portion of the Seal by turning the 
handle clockwise. Remove the Seal from the 
compressor with a rotary-pulling motion. 
Discard the Seal. The handle must be 
hand-tightened securely. Do not use a 
wrench or pliers: 

6. Discard the seal seat 0-ring from the compressor 
neck using 0-Ring Remover J-9553-01. 

7. Recheck the shaft and inside of the compressor 
neck and 0-ring groove for dirt or foreign 
material and be sure these areas· are perfectly 
clean before installing new parts. 

Inspection 
Seals should not be reused. Always use a new 

specification service seal kit on rebuild. Care should be . 
taken to prevent damage to the lip of the one .piece seal. 
Make sure that the Seal Seat and Seal Lip are free of 
lint and dirt that could damage the seal surface or 
prevent sealing. 

E3 Install or Connect 
1. Dip the new seal 0-ring in clean 525 viscosity 

refrigerant oil and assemble onto 0-Ring 
Installer J-3301 I. 

2. Insert the 0-Ring Installer J-33011 completely 
down into the compressor neck until the InstaUer 
.. bottoms.,. Lower the moveable slide of the 
0-ring Installer to release the 0-ring into the seal 
seat 0-ring lower groove. (The compressor neck 
top groove is for the shaft ~ retainer ring.) 
Rotate the Installer to scat the 0-ring and remove 
the Installer. 

3. Prepare Lip Seal: 
• Assemble seal to Seal Installer J-23128-A, 

by turning handle clockwise,_ and th~ push 
Seal Protector J-34614, into seal. lip. The 
stamped steel case side of the lip seal must 
be engaged with knurled tangs of installer so 
that flared-out side of lip seal is facing and 
installed towards the compressor. 

4. Install Lip Seal: 
• Place seal protector J-34614 over end of 

compressor shaft and slide new seal onto the 
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[I) J-23128-A 

[!) J-34614 SHAFT SEAL PROTECTOR 
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Figure 35-Removing and Installing Seal 

shaft until it stops. Disengage installer from 
seal and remove seal protector from 
compreuor shaft. 

NOTICE: HANDLING AND CARE OF SEAL 
PROTECTOR IS IMPORTANT. IF SEAL 
PROTECTOR IS NICKED OR THE BOTTOM 
FLARED, THE NEW SEAL MAY BE 
DAMAGED DURING INSTALLATION. 

5. Install the new seal seat retainer ring with its flat 
side against the Seal Seat, using Snap-Ring Pliers 
J-5403. Use the sleeve from 0-Ring Installer 
J-33011 to press in on the seal seat retainer ring 
so that it snaps into its groove. 

6. For Leak Test, pressurize suction side 
(low-pressure side) of compressor on vehicle with 
Refrigerant-12 · vapor to equalize pressure to the 
drum pressure. Temporarily install the shaft nut 
and, with compressor in horizontal position, 
rotate the compressor shaft in normal direction 
of rotation several times by hand. Leak test the 
Seal and correct any leak found. Remove, discard 
and later replace the shaft nut. 

7. Remove any excess oil, resulting from installing 
the new seal parts,_i from the shaft and inside the 
compressor neck. · · · · 

8. Install the Clutch Plate and Hub assembly as 
described in • Clutch Plate and Hub Assembly• 
in this section. 

9. Evacuate and . Charge the Refrigerant System 
according to directions in Section lB. 

Replacement (Off-Vehicle) 

E3 lnetall or Connect 
1. Follow applicable on-vehicle procedures. 
2. . To Leak Test. install leak Test Futture J-9625 on 

rear head of compressor and connect gage 
charging lines, or pressurize suction side (low 
pressure side) of compressor on vehicle with 
Refrigerant-12 vapor to equalize pressure to the 
drum pressure. Temporarily install the shaft nut 

and, with compressor in horizontal position and 
using a wrench, rotate the compressor shaft in 
normal direction of rotation several times by 
hand. Leak test the seal and correct any leak 
found. Remove. discard and later replace with a 
new shaft nut. · 

PRESSURE RELIEF VALVE 
Figure 41 

The Pressure R;Iief Valve, located in the 
compressor rear head casting, should only be replaced 
after purging the system of refrigerant. A new valve 
and O-ring coated with 525 viscosity refrigerant oil 
should be installed. 

HIGH PRESSURE CUT-OFF SWITCH 
Figure42 

l+--+I Remove or Disconnect 
1. Discharge A/C system. Refer to Section 1B. 
2. Electrical connector at switch 
3. Switch retaining ring using 1-5403-A Internal 

Snap Ring Pliers. 
4. Switch from compressor by pulling on terminal 

housing. · 
5. Old 0-ring seal from switch cavity using 

J-9553-01 0-ring removal tool or equivalent. 
If.pigh pressure cut-off switch will be reinstalled 
in ··compressor, a new 0-ring seal must be used 
and preferably a new retainer ring should also be 
used. A new switch kit has the O-ring and 
retainer ring included. 

E3 Install or Connect 
1. Check switch cavity and 0-ring groove in the rear 

bead for dirt or foreign material and clean as 
necessary. Install new 0-ring coated with clean 
~25 viscosity refrigerant oil into groove in switch 
cavity. · 

2. Lubricate the high pressure cut.off switch 
housing with cJean .52.5 viscosity refrigerant oil 
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(I]SEAL 

[I) J-23128-A 

[I) J-9553-01 

(TIO-RING 

(I] J-33011 

m J-34814 

Figure 36-Removing and Installing Seal and 0-Rlng 

1-STEEL SHELL 
2-LIPSEAL 

Figure- 37-0ne Piece Shaft Seal 

1-SNAP RING 
PLIERS 
J-5403-A 

2-SEALSEAT 
RETAINER 
RING 

Figure 38-Removing and lnstalllng Shaft Seal Seat 
Retaining Ring 

and carefully insert switch into switch cavity 
until switch bottoms in cavity .. 

3. Using J-5403-A snap . ring pliers, install switch 
retaining ring with high point of curved sides 
adjacent to the switch housing. Be sure retaining 
ring is properly seated in the switch cavity 
retainer ring groove. 

4. Evacuate and charge the refrigerant system 
according to th~ directions in Section 1 B. 

FRONT HEAD AND 0-RING 
Figura 43 and 44 a Remove or OIICOnnect 

1. Discharge the Refrigerant System . according to 
the directions in Section lB. · 

2. Perform steps 1 through 4 of CLUTCH ROTOR 
AND BEARING removal procedure, but do not 
loosen or remove the pulley rim· mountins screws· 
so as to remove the Clutch Rotor and Bearing. 
Clutch Coil and Pulley Rim as a total assembly. 
Be careful not to drop the Puller Guide J-25031 
when removing the assembly. 

3. Remove and discard the Shaft Seal · parts as 
dcscn'bed in SHAFI' SEAL removal procedure 

4. Before removing front head, mark the cylinder 
next to the narrow front head leg position. 
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1-J-23128-A 

2-0NE·PIECE SEAL 

3-J-34814 • SHAFT SEAL PROTECTOR 

Figure 39-Removing and Installing One Piece Seal 
(Off-Vehicle) 

[jJ J-33011 0-RING INSTALLER 

[D SEAL SEAT O-R1NG 

Figure 40-lnttalllng Seal Seat 0-Rlng (Off-Vehicle) 

5. Remove the four front head mounting screws and 
remove the Front Head ~bly. 

6. Remove and discard the front head O-ring. 

E3 lnltlll or Connect 

1. Check the Front Head and compressor cylinder 
area for any dirt, lint, etc. and clean if necessary. 
Install a new Service thrust washer kit, if 
required, u described in THRUST AND 
BELLEVILLE WASHERS REMOVAL AND 
REPLACEMENT procedures. 
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1-LEAK TEST 
ADAPTER 
J9825 

2-HIGH 
PRESSURE 
CUT-OFF 
SWITCH 

NOTICE: HIGH 
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CUT-OFF 
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INSULATORS 
ARE COLORED 
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OJ 
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Figure 41-Compressor Leak Testing Fixture 

1-REDINSULATOR 

2-HIGH PRESSURE 
CUT-OFF SWITCH 

3-"0" RING 

4-SWITCH 
RETAINING 
RING 

Figure 42-High Preasure Cut-Off Switch and Retainer 

1-FRONT HEAD 2-MOUNTING 
SCREWS (41 

Figure 43-Removlng Front Head Mounting Screw• 

2. Dip the new front head O-ring in clean 525 
viscosity refrigerant oil and install in the seal 
groove on the front head. 

3. Position the Front Head narrow lea, to the 
marking previously mad.e on cylinder, and 
tighten the front head mounting screws to 27 
N • m (20 lb. ft.) torque. 
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1-0ILHOLE 
TO SHAFT 
AREA 

2-FRONT 
HEAD 
SEALING 
RING 

3-MAIN 
BEARING 

4-THRUST 
WASHERS 
AND 
BELLEVILLE 
WASHER 
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Figure 44--Removing Front Head Assembly 

4. Install new specification Service Shaft Seal kit as 
described in SHAFT SEAL REPLACEMENT 
PROCEDURE. 

5. Install the Clutch Rotor and Bearing assembly, 
Clutch Coil and Pulley Rim assembly to the 
Front Head, using Rotor and Bearing Installer 
J-26271-A. 
Before fully seating the assembly onto the Front 
Head, be sure the clutch coil' terminals are in the 
proper location in relation to the compressor and 
that the three protrusions on the rear of the 
clutch coil align with the locator holes in the 
Front Head. 

6. Install the rotor and bearing assembly retainer 
ring and reassemble the Clutch Plate and Hub 
assembly as described in CLUTCH PLATE 
AND HUB" replacement procedure. Check to 
see that the clutch plate to clutch rotor gap is 0.5 
- 1.0mm (0.020 - 0.040 inches). 

7. Evacuate and charge the refrigerant system 
according to the directions in Section 1 B. 

THRUST AND BELLEVILLE WASHERS 
Figure46 

E) Remove or Disconnect . 

1. Discharge the refrigerant system according to the 
directions in Section 1B. 

2. Remove the Front Head assembly as described in 
.. Front Head and 0-Ring• r~oval procedure. 
Remove and discard the front bead 0-tjng seal. 

3. Remove the two thrust washers and one belleville 
washer from the comp~or shaft. Note the 
assembled position of the washers. 

E3 Install or Connect 

1. Install a new thrust washer on the compressor 
shaft with the thrust washer tang pointing .. UP" 

2. Install the new belleville washer on the shaft with 
the high center of the washer ••UP." 

I-THRUST 
WASHER 

2-BELLEVILLE 
WASHER 

I 1D1 

Figure 45-Replacing Thrust and Belleville Washers 

3. Install the remaining thrust washer on the shaft 
with the tang pointing .. DOWN". 

4. Lubricate the three washers with clean 525 
viscosity refrigerant oil and assemble the Front 
Head and new 0-ring onto the compressor as 
described in •Front Head and 0-Ring• 
replacement procedure. 

MAIN BEARING 
Figures 48 and 47 

E3 Remove or Disconnect . 

1. Discharge the refrigerant system according to the 
direction in Section lB. 

2. Remove the Front Head assembly as described in 
•Front Head and 0-Ring' removal procedure. 
Discard front head 0-rmg. 

3. Place the Front Head assembly on two blocks, as 
shown in Figure 46, and use Main Bearing 
Remover 1-24896 to drive the Main Bearing out 
of the Front Head. 

1-J24898 
BEARING 
REMOVER 

2-FRONT 
HEAD 

Figure 48-Removing M.ain Bearing 



E3 Install or Connect 
1. Place the Front Head "with neck-end down" on 

a flat, solid surface. · 

[I] Important 

• The numbered letter side of the bearing 
must be placed against Bearing Installer 
J-24895. . 

2. Align the new Main Bearing and the Bearing 
Installer J-24895 squarely with the bearing bore 
of the Front Head and drive the bearing into the 
Front Head. The Installer J-24895 must seat 
against the Front Head to insert the bearing· to 
the,.propcr clearance depth: 

1-MAIN BEARING 
2-FRONT HEAD 

DJ 

3-J24895 BEARING 
;INSTALLER 

12 1D1 

Figure 47-lnstalling Main Bearing 

3. Assemble the Front Head to the cylinder, using 
a new 0-ring as described in "Front Head and 
0-Ring" replacement procedure. 

4. Evacuate and charge the refrigerant system 
according to the directions in Section 1 B. 

SHELL AND 0.RINGS 
Figura 48 through 50 a Remove or Disconnect 

1. Discharge the refrigerant system according to the 
directions in Section 1B. 

2. · Thoroughly clean exterior of compressor to 
prevent dirt from getting into compressor during 
shell removal. 

3. Remove the Clutc:h Plate and Hub assembly as 
described in CLUTCH PLATE AND HUB 
removal procedures. 

4. Perform Steps 1 through 4 of CLUTCH ROTOR 
AND BEARING removal procedure but do not 
loosen or remove the pulley rim mounting screws 
so as to remove the Clutch Rotor and Bearing, 
Clutch Coil and Pulley Rim as a total assembly. 
Be careful not to drop the Puller Guide J-25031 
when removing the assembly. 

5. Pry the shell retaining strap away from the 
cylinder and position the strap high enough to 
clear the cylin~ as the Shell IS removed. 

6. Remove Compressor Holding Fixture J-25008-A. 
and reverse Holding Fixture with step block 
protrusions engaging the compressor Shell. 
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Figure 48-Raleasing Shell Retaining Strap 

Install the medium-length metric thread 
mounting bolts through the Holding Fixture and 
thread them finger-tight on both sides into the 
compressor cylinder until the step of the fixture 
protrusions contact the compressor Shell. Check 
to be sure the step protrusions do not overlap the 
cylinder but will pass both sides. Allow 
compressor to cool to room temperature before 
removing compressor shell. 

1-J-25008·A 
HOLDING 
FIXTURE 

2-SHELL TO 
CYLINDER 
0-RING 

3-ALTERNATELY 
TIGHTEN 

SCREWS 
APPROX. 
1/4 TURN 

4-STEP CONT ACTS 
COMPRESSOR 
SHELL 

IT] 

Figure 49-Removing Shell 

m 

7. Alternately tighten each bolt approximately 1/4 
tum to push the Shell free of the 0-rings on the 
cylinder. 

If one screw appcan to require more force to tum 
than the other, immediately tum the other screw 
to bring the screw threading sequence in-step or 
the Shell will be cocked and made more difficult 
to remove. Normal removal does not require 
much force on the wrench if the screws are kept 
in-step while turning. The Shell can be removed 
by hand as soon as the Shell is free of the shell to 

· cylinder O•rings. Do not tum the screws any 
further than necessary to release the Shell. 
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· 8. Remove the compressor Shell and remove the 
Holding Fixture J-2S008-A from the comp~r. 
Reverse the Holding Fixrure to again hold the 
compressor by the opposite side, using the 
·short-length screws with metric threads. 

9. Remove and discard both cylinder to Shell 
0-rings. 

E3 Install or Connect 

1. Check the compressor cylinder assembly and 
interior of the compressor Shell to be sure they 
are free of lint, dirt, etc. · 

2. Dip a new cylinder-to-shell 0-ring in clean 525 
viscosity refrigerant· oil and install in the rear 
0-ring groove of the cylinder. Be careful in 
moving the 0-ring across the cylinder surface to 
prevent damaging the O-ring. 

3. Dip the remaining cylinder-to-shell O-ring in the 
525 oil and install it in the front 0-ring groove of 
the cylinder. 

4. Also coat inner O-ring surface of compressor 
Shell with oil. Place the compressor Shell on the 
cylinder and rotate the retaining strap to its 
original location. 

S. Attach the Shell Installing Fixture J-25008-A to 
the Holding Fixture J-25008-A, using the 
long-bolts and plate washers of the set. Align the 
step projections of the Installing Fixture 
J-25008-A, to contact th~ compressor Shell 
evenly on both sides. . 

6. Push the compressor shell as close to the O-ring 
as possible by hand and check for equal alignment 
of the shell around the cylinder. Tighten the 
Fixture screws finger tight. 

· 1-J-2l5008-A 
COMPRESSOR 
SHELL 
INSTALLER 

2-J-26008-A 3-AL T. TIGHTEN 
HOLDING SCREWS 
FIXTURE APPROX. 

1/4 TURN 
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Figure 50-lnstalling Shall 

7. Altem_ately tighten each bolt approximately 1/4 
tum to push the compressor Shell over the 
0-rings and back against the shell stop flange at 
the rear of the compressor cylinder. 
If one screw appears to require more force to tum 
than the other, immediately tum the other screw 
to bring the screw threading sequence in-step or 
the shell will be cocked and made more difficult 

to install. Normal installation does not require 
much force on the wrench if tlie screws are kept 
in-step while turning. 

8. When the shell is seated against · the stops, bend 
the shell retaining strap down into place by 
tapping gently with a hammer. Remove the.Shell 
Installing Fixture J-2S008-A. 

9. Reinstall Clutch Rotor and Bearing Asm., Clutch 
Coil and Pulley Rim as an assembly with Installer 
J-26271-A, and the Clutch Plate and Hub 
As.1embly with Installer J.:9401-B. 

10. "Evacuate and Charge the.Refrigerant System .. 
according to the dircctio~ iri Section 1B. 

DISCHARGE VALVE PLATE AND RETAINER 
Figures 61 and 62 

1-VALVE PLATE 
RETAINER RING 

2-J 4245 PLIERS 

Figure 51-Raplacing Valve Plate Retainer 

1-VALVE PLATE 

2-PISTON ANO 
REEDASSY. 

Figure 52-Replaclng Discharge Valve Plata 

E3 Remove or .Discannect 

1. . Discharge the refrigerant system according to the 
directions in Section 1 B. 



2. Perform Stepe 1 through 9 of SHELL AND 
~llINGS removal procedure. 

3. Remove yalvc plate retainer ring, using Internal 
Snap · Ring Plien 1-4245. Remove Compressor 
Discharge Valve Plate for valve plate 
replacement and/or piston inspection. 
Repeat this operation for additional valve plates 
and ~er rings. If all four valve plates and 
retainers are to be removed, remove two sets and 
then · rotate compressor and Holding Fixture 
J-25008-A in vise for access to _the remaining two 
valve plates and retainers. 

E3 lnltall ~ Connect _ . 

I. Install Discharge Valve Plates and/or Retainers. 
Reposition compressor and Holding Fixture in 
vise as necessary for access. Valve plates must 
be tight following retainer assembly. 

2. Reinstall compressor Shell as described in 
SHELL AND 0-RINGS replacement 
procedures. 

3. Evacuate and charge the refrigerant system 
according to the directions in Section 1 B. 

CYLINDER AND SHAFT ASSSEMBL Y 

(~I Remove or Disconnect 
1. Discharge the refrigerant system according to the 

directions in Section lB. 
2. Remove the Clutch Plate and Hub assembly as 

described in CLUTCH PLATE AND HUB 
removal procedure. 

3. Perform Steps 1 through 4 of CLUTCH ROTOR 
AND BEARING removal procedure but do not 
loosen or remove the pulley rim mounting screws. 
Remove the Clutch Rotor and Bearing, Clutch 
Coil and Pulley Rim as an assembly. Be careful 
not to drop the Puller Guide J-25031, when 
removing the assembly. 

4. Remove the shaft seal as described in SHAFT 
SEAL removal procedure. 

S. Remove the front head BS described in "Front 
Head and ~Ring" removal procedure. 

6. Remove the thrust and belleville washers as 
described in THRUST AND BELLEVILLE 
WASHERS removal procedures. 

7. Remove the compressor shell BS described in 
"Shell and O-Ring" removal procedure. 

8. Remove the discharge valve plate and retainer as 
described in DISCHARGE VAL VE PLATE 
AND RETAINER removal procedure. 

9. Remove the high pressure relief valve as 
described in "High Pressure Cut-Off Switch.• 

E3 lnatall or Connect 
1. Replace above parts in opposite order. 
2. Evacuate and charge the refrigerant system 

according to the directions in Section 1B. 
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LEAK TESTING (EXTERNAL AND INTERNAU 
Bench,Chack Pracedura 

1. Install Test Plate J-9625-A on Rear Head of 
compressor. 

2. Attach center hose of Manifold Oage Set on 
Charging Station to a refrigerant drum standing 
in an upright position and open valve oil drum. 

3. Connect Charging Station high and low pre.uure 
lines to corresponding fittings on Test Plate 
J-9625-A, using J-5420 Gage Adapters if hoses 
are not equipped with valve depressors. 
• Suction port (low-side) of compressor has 

large int~ opening. Dischar$e port 
(hi-side) has smaller internal openmg into 
compressor. 

4. Open low-pressure control, high-pressure control 
and refrigerant control on Charging Station to 
allow refrigerant vapor to flow into compressor. 

S. Using a Leak Detector, check for leaks at 
Pressure Relief Valve, compressor shell to 
cylinder, compressor front head seal, and 
compressor Shaft Seal. After checking, ~hut off 
low pressure control and high pressure control on 
Charging Station. 

6. If an external leak is present, perform the 
necessary corrective measures and recheck for 
leaks to make certain the leak has been corrected. 

7. Loosen the Manifold Gage hose connections to 
the Gage Adapters J-5420 connected to the low 
and high sides and allow the vapor pressure to 
release from the compressor. 

8. Disconnect both Gage Adapters J-5420 from the 
Test Plate J-9625-A. 

9. Rotate the complete compressor assembly (not 
the crankshaft or drive plate hub) slowly several 
turns to distribute oil to all cylinder and piston 
areas. 

10. Install a shaft nut on the compressor crankshaft 
if the drive plate and clutch assembly . are not 
installed. 

I 1. Using a box-end wrench or socket and handle, 
rotate the compressor crankshaft or clutch drive 
plate on the crankshaft several turns to ensure 
piston assembly to cylinder wall lubrication. 

12. Connect the Charging Station high pressure line 
or a high pressure gage and Gage Adapter J-5420 
to the Test Plate J-9625-A high side connectc;,.r. 

13. Attach an Adapter J-5420 to the suction or low 
pressure port of the Test Plate J-9625-A to open 
the Schrader-type valve. 
Oil will drain out of the compressor suction port 
adapter if the compressor is positioned with the 
suction port downward. 

14. Attach the compressor to the Holding Fixture 
J-25008-A using metric mounting screws. Clamp 
the compressor Holding Fixture in a vise so that 
the compressor can be manually turned with a 
wrench. 

15. Using a wrench, rotate the compressor c~at\ 
or drive plate hub ten complete revolutions at a 
speed of approximately one-revolution per 
second. 
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Turning the compressor at lc:u than 
ono-rcvolution per second can result in a lower 
pump-up pressure and disqualify a good pumping 
compressor. 

i6. Observe the reading on lllGH prmure gage at 
the completion of the tenth revolution of the 
compressor. The ·pressure reading for a good 
pumping compressor should be 344. 75 kPa (50 p. 
s.i.) or above. A pressure reading ofless than 310. 
275 kPa (45 p.s.i.) would indicate one or more 
suction and/or discharge valves leaking, an 
internal leak or an _inoperative valve, and the 
compressor should be disassembled and checked 

for cause of leak. Repair as needed, reassemble 
and repeat the pump-up test. &temally leak test. 

17. When the pn:s.,ure pumP:-UP test is completed, 
n:lease the air pressure from the HIGH side and 
remove the Gage Adapters J-5420 and Test Plate 
J-9625-A. . : 

18. On the R-4 compressor, tilt the compressor so 
that the compressor suction and discharge ports 
are down. Drain the oil from the compressor. 

19. Allow the compressor to drain for 10 minutes, 
then charge with the proper amount of oil The 
oil may be poured into the suction port. 
If further assembly or processing is required. a 
shipping plate or Test Plate J-9625-A should be 
installed to keep out air, dirt and moisture until 
the compressor is installed. 

SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

Outch Plate Shaft Nut .................................................................................... 14 N·m ( 10 lb. ft.) 
Pulley Rim Mounting Screw .........•..............................................................•• 11 N·m (100 lb. in.). 
Front Head Mounting Screw ............................................................................ 27 N · m (20 lb. ft.) 

COMPRESSOR SPECIFICATIOIS 

Clutch Plate to Clutch Rotor Gap ... . ................ . O.S mm to 1.0 mm (0.020 to 0.040 inch) 
Minimum Compressor Pressure ................... . .................... 344. 75 kPa (50 psi) 
Lubricant .•.•....•.....•.••.....................•.................... . 525 viscosity oil 
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' f,2,3 4 8 1 8 9 

Ii 
10 11 12 13 14 

18 17 20 

dJ 
21 22 23 24 25 26 

~ 
27 28 29 30 31 

1-J-4245 SNAP RING PLIERS ft'23 INTERNAL l 18-J-25008-A COMPRESSOR HOLDING FIXTURE 
2-J-5403 SNAP RING PLIERS (121 INTERNAL) 19-J-25031 ROTOR ANO BEARING PULLER WITH 
3-J-6083 SNAP RING PLIERS t-24 INTERNAL) GUIDE 
4-J-29886 DRIVER HANDLE 20-J-25287 CLUTCH COIL PULLER 
5.J-8433 COMPRESSOR PULLEY PULLER 21-J-26271-A ROTOR AND BEARING INSTALLER 
6-J-9398-A ROTOR- BEARING REMOVER (WITHOUT HANDLE) 
7-J-9399 9/18" THIN WALL SOCKET 22-J-33019 BEARING STAKING TOOL 
8-J-33013-B HUB AND DRIVE PLATE ASSEMBLY • 23-J-33020 PULLEY PULLER 

REMOVER 24-J-33027 CLUTCH HUB HOLDING TOOL 
9-J-9480-8 HUB AND DRIVE PLATE ASSEMBLY 25-J-34814 SHAFT SEAL PROTECTOR 

INSTALLER 26-J-33011 SEAL SEAT 0-RING INSTALLER 
1 O.J-9481-A PULLEY BEARING AND PULLEY INSTALLER 27-J-29547 ELECTRONIC LEAK DETECTOR 
11-J-9653-01 0-RING REMOVER 28-J-5420 111&•-20 STRAIGHT ADAPTER 
12-J-9625-A PRESSURE TEST CONNECTOR 28-J-25498 7,16"-20 x J/8"-24 STRAIGHT ADAPTER 
13-J-21352-A COMPRESSOR SUPPORT BLOCK 29-J-9459 7-16"-20 goe ELBOW ADAPTER 
14-J-23128-A SEAL REMOVER AND INSTALLER 29-J.25499 7116"-20 x 318"-24 90" ELBOW 
15-J.24092 PULLEY HUB ADAPTER SET (USED ADAPTER 

WITH J-8433) 30-J-25030 CLUTCH HUB HOLDING TOOL 
16-J-24896 BEARING INSTALLER (FRONT END) 31-J.33024 CLUTCH COIL INSTALLER ADAPTER 
17-J-24896 BEARING REMOVER (FRONT HEAD) 

•Indicates tools used only on the 6 pole clutch 

Figure 53-Special Tools 
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SECTION 2C 

FRONT END BODY PANELS 
The following •Notice• applies to one or more stepl in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: •NOTICE: See •Notice• on page 2C 1 
of this section.• 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 

NOTICE: The anti-theft label found on some major sheet metal, engines, and traosmimons must be masked 
prior to painting, rustproofing, undercoating, etc. The mask MUST be removed following the above operations. 
Failure to keep the label clean and readable may result in liability for violation of Federal Vehicle Theft Prevention 
Standard, and subject the vehicle owner to J)OSSIDle suspicion that the part was stolen. 

CONTENTS 
General Description ........................................... 2C-1 

Fasteners .................... ................................ ..... 2C-1 
Anti-Corrosion Materials ......... ...................... 2C-1 

On-Vehicle Service ...... .................. ...................... 2C-l 
Hood Assenibly .................... ·-······················· 2C-l 
Hood Hinge .................................................... 2C-2 
Hood Open Assist Rod .................................. 2C-2 
Primary Hood Latch ...................................... 2C-2 
Secondary Hood I.atch .................................. 2C3 
Primary Hood Latch Rcleue Cable ..•....•...... 2C3 
Radiator Air Lower Baffle ............................. 2C-3 
Front End Sheet Metal Support .................... 2C-4 
Sport Coupe Grille .•....................••.. :.............. 2C-5 
IR.OC-Z Grille ................................................ 2C--6 

Fendel" ··············-············································· 2C-7 Radiator Upper Mounting Bracket ............... 2C-8 

GENERAL DESCRIPTION 
FASTENERS 

Many aluminum components are used in the 
current models. Aluminum m contact with steel may 
corrode rapidly if not ·protected by special finishes or 
isolators. 

Many of the fasteners used in the front sheet 
metal area have the GM 6174M finish which will 
provide adequate protection. In some places, however, 
ai,ecia1 fasteners are used in conjunction with 
aluminum. components. These special fasteners are 
argent silver in color to distiguish them from the 
standard metric fasteners, which are medium blue in 
color. 

When replacing fasteners in the front sheet metal 
area, avoid substitution of otherwise similar fasteners 
in locations that should use GM 6174M type fasteners 
or special fasteners for aluminum components. 

Wheelhouse Panel ........................................... 2C-8 
Body Panel Adjustment and 

Alipme11t •.•..•.....•.•........•...•.•.....•••••...•......• 2C-10 
Hood ~bly Adjustment ........................ 2C-10 

Raising or Lowering Corners of 
Hood ....................................................... 2C-10 

Fore and Aft Adjustment .........•..............• 2C-10 
IROC-Z Hood Ornament ............................. 2C-11 
Adhesive Molding ........................................ 2C-l 1 
Rear Bum.per Fascia Extension ................... 2C-12 
Decal and Stripe ........................................... 2C-13 
Em.blem. •.•.••.•.......•. ••.......•...•.••.•....••..•. .....•..•.• 2C-13 
Nameplate ..................................................... 2C-14 
Door Lower Air Deflector ........................... 2C-14 
Rocker Panel Air Deflector ......................... 2C-14 

Specifications ........ ....... .... ... ............... ............... 2C-15 

NOTICE: Failure to follow this precaution may 
result in premature corrosion of the sheet metal in 
the areas mentioned above. 

ANTI-CORROSION MATERIALS 

Anti-corrosion materials have been applied to the 
interior surfaces of some metal panels to provide rust 
resistance. When servicing these panels, areas where 
these materials have been disturbed should be properly 
recoated with service-type anti-corrosion material. 

ON-VEHICLE SERVICE 
HOOD ASSEMBLY 

Rgu,e 1 

NOTICE: Place protective. coverings on fender 
areas to prevent damage to paint during hood 
removal or installation. 
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E3 Remove ar Disconnect 

1. Underhood lamp wires and wiring harness clips, 
if vehicle is equipped _ with-1Dldcrhood lamp. 

• Scribe a line on the hood inner panel to indicate 
the original binge position. 

2. Hood-to-binge bolts (2), with the aid of a helper. 
3. Hood (1) from hinges (3), with theaidofahelper. 

E3 Install ar Connect 

1. Hood (I) to hinges (3), with the aid of a helper. 

l~I Tighten 
• Bolts (5) to 27 N • m (20_ lb. ft.). 

3. Hood-to--hinge bolts (2). 

~ Tighten 
• Bolts (2) to 11 N ·m (97 lb. in.). 

fl! Adjust 

• Hood (1) as needed. Refer to •Hood 
As.,embly Adjustment" in this section. 

NOTICE: See . •Notice• on page 2C-l of this · HOOD OPEN ASSIST ROD
section. 

2. Hood-to-hinge bolts (2), with the aid of a helper. 
• _Align the binges (3) with the alignment 

marks on the hood (1). 

l~I Tightin 
• Bolts (2) to 11 N·m (97 lb. in.). 

3. Underhood lamp wires and harness clips. 

~ Adjust 
• Hood (1), if needed. Refer to •Hood 

Auembly Adjustment" in this section. 

HOOD HINGE 
F,gure 1 

Hood hinges are fastened to the fender panel 
Two gas struts are used, one at each binge. Both ends 
of the struts which are fastened to the front portion of 
the binge assembly. This construction provides 
bold-open power. Several struts are used depending 

· upon hood material and configuration. Make certain 
both struts have the same color coding if the struts are 
to be replaced. 

NOTICE: Install protective coverings over 
fenders (7) to prevent damage when removing or 
installing hood hinges .(3). · 

E3 Remove or Disconnect 

• _ Scn1>e line on hood (1) and fender (7) to show 
original position of hood hinge (3). 

• Support hood (1) on side where hood binge (3) is 
to be removed. 

1. Hinge-to-hood bolts (2). 
2. Hinge-to-fender bolts (5). 
3. Hood binge (3). 

E3 Install or Connect 
NOTICE: See "Notice" on page 2C-l of this 
section for steps 2 and 3. 

1. Hood binge (3), so that it lines up with position 
marked OD hood (1) and fender (7). 

2. Hinge-to-fender bolts (5). 

Figure 1 

NOTICE: Install protective coverings over fencier 
areas when removing or installing usist rods to 
prevent damage. 

I ++I Remove or Disconnect 
• Support hood in the open position. 
1. Retainers (8). 
2. Hood open assist rod (6). 

E3 Install or Connect 

1. Hood open assist rod (6). 
- Several rods (6) are used depending on hood 

material and configuration. Make certain 
both rods (6) have same color coding if they 
are to be replaced. 

2. Retainers (8). 

lL!J Inspect 
• For proper hood opening and closing 

operation. 

PRIMARY HOOD LATCH 
r,gure2 

The hood latch is a cable rc1cased, positive 
locking hood latch assembly located in the radiator 
support and baffle assembly, and locks wi~ the 
hood-mounted striker. The hood release handle is 
located inside the vehicle at the left side of the shroud 
trim panel. After the release handle has been pulled, 
the hood can be fully opened by releasing the band 
catch on the hood underside. 

After proper positioning of the hood bumpers, 
hood height IS automatically controlled by the 
vertically self-adjusting hood latch assembly. Proper 
hood alignment is essential for ease of latch operation. 
Refer to · •Hood Assembly Adjustment" in this section. 

E3 Remove or Disconnect 
1. Primary latch release cable (11) from primary 

hood latch (10). Refer to •Primary Hood Latch 
Release Cable• in this section. 

2. Bolts (9) from primary hood latch (10). 
3. Primary hood latch (10). . 



0 INST~LED BOTTOM VIEW OF 
HOOD OPEN ASSIST ROD 

IT] HOOD 

[I] BOLT 

0 HOODHINGE 

0 BOLT 

0 HOOD OPEN ASSIST ROD 

[TI FENDER 

[!] RETAINER 

Figure 1 - Hood and Hinge 

E3 Install or Connect 
1. Primary hood latch (10). 

NOTICE: Sec •Notice• OD page 2C-1 of this 
section. 

2. Bolts (9) to primary hood latch (10). 
• Hand tighten bolts (9) loosely. 

3. Primary latch release cable (11) to primary hood 
latch (10). . 
• Push down OD hood, holding the hood 

closed while pulling the outside release 
lever. 

• . Allow hood to open. 

~ Tighten 

• Bolts (9) to 27 N·m (20 lb. ft.). 

-(L!l 1n1pect 

• For proper hood closing and opening 
operation. 
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SECONDARY HOOD LATCH 
Flgur,3 

E3 Remove or Disconnect 
1. Bolts (13). 
2. Secondary hood latch (12). 

E3 Install or Connect 
1. Secondary hood latch (12). 

NOTICE: See •Notice• on page 2C-1 of this 
section. 

2. Bolts (13). 

,~, Tighten 

• Bolt (13) to 11 N ·m (97 lb. in.). 

PRIMARY HOOD LATCH RELEASE CABLE 
Figure2 

E3 Remove or Di■connect 
1. Left side shroud trim panel Refer to BODY 

FRONT END (SEC. 10-4). 
2. Cable (11) from primary hood latch (10). 

• Remove cable (11) from plastic fasteners on 
fenders. ·· 

• Carefully pry cable (11) from latch retainer 
(16). . 

• Pry grommet (14) through the dash panel with a 
screwdriver. 

3. Screw (74) retaining inside hood release handle 
(15). 

4. Cable (11) by pulling through inside of vehicle. 

E3 Install or Connect 

1. Cable (11) by pushing through hole inside 
vehicle. · · 

2. Screw (74) retaining inside hood release handle 
(15). 

• Position grommet (14) on dash panel. 
3. Cable (11) to primary hood latch (10). 

• Position cable OD plastic fasteners OD 
fenders. 

• Position cable (11) on latch retainer (16). 
4. Left side shroud trim panel. Refer to BODY 

FRONT END (SEC. 10-4). 

(L!l tnspect 

• Cable release assembly for proper 
operation. 

RADIATOR AIR LOWER BAFFLE 
Figure4 

E3 Remove or Dilconnect 

• Raise and suitably support vehicle. Refer to 
GENERAL INFORMATION (SEC OA). 
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Figure 2 - Primary Hood Latch and Cable 

It .. 
Figure 3 - Secondary Hood Latch 

1. Lower fascia screws (22). 
2. Bolts (27) from radiator air upper baffle (25). 
3. Radiator air lower baffle (26). 

E3 lnltllll or Connect 

1. Radiator air lower baffle (26). 

NOTICE: See 'Notice'" on page 2Cl of this 
section. 

2. Bolts (27) to radiator air upper baffle (25). 

~ Tighten 

• Bolt (27) to 5 N ·m (45 lb. in.). 
3. Lower fascia screws (22). 
• Lower vehicle. 

FRONT END SHEET METAL SUPPORT 

Rgur,6 

a Remove or Dlaconnect 

1. Top and bottom air cleaner IL1Selllbly, if 
necessary. 

2. Filler panel, if necessary. 
3. Primary hood latch. Refer to 'Primary Hood 

Latch,. in this section. 
4. Bolts (75) from front end sheet metal support 

(78). 
• Raise and suitably support vehicle, if 

necessary, w ~ to lower bolt (75). 
Refer to G INFORMATION 
'(SEC. OA). 



~ SCREW 

e!) RADIATOR AIR UPPER BAFFLE 

e!) RADIATOR AIR LOWER BAFFl,.E 

fill aot.r 
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p 

Figure 4 - Radiator Air Lower Baffle 

S. Bolts (76) from front end fascia center bracket 
(77). 

6. Front end sheet metal support (78). 

E3 Install or Connect 
NOTICE: See •Notice• on page 2Cl of this 
section for steps 2 and 3. 

1. Front end sheet metal support (78). 
2. Bolts to front end fascia center bracket (77). 

~ Tighten 

• Bolts to 9.5 N•m (84 lb. in.). 
3. Bolts (75) to front end sheet metal support (78). 

,~, Tighten 

• Bolts (75) to 11 N•m (97 lb. in.). 
• Lower the vehicle. 
4. Primary hood latch. Refer to •Primary Hood 

Latch• in this section. 
5. Filler panel, if necessary. 
6. Top and bottom air cleaner assembly, if 

necessary. 

SPORT COUPE GRILLE 
Figur,6 . 

E3 Remove or Disconnect 

• Raise and suitably support vehicle. Refer to 
GENERAL INFORMATION (SEC. OA). 

1. Radiator air lower baffle. Refer to •Radiator Air 
Lower Baffle• in this section. 

2. Screws (32). 
3. Screws (33). 
4. Grille (34). 

E3 Install or Connect 

NOTICE: See "Notice• on page lC-1 of this 
section for steps 2 and 3. 

I. Grille (34). 

• Hold grille tight against a 3 mm (0.12 inch) 
spacer. 

2. Screws (32). 

ml Tighten 

• Screws (32) to 1.9 N ·m (17 lb. in.). 

3. Screws (33). 

,~, Tighten 

• Screws (33) to 0.75 N·m (7 lb. in.). 
4. Radiator air lower baffle. Refer to •Radiator Air 

Lower Baffle• in this section. 

· • Lower vehicle. 
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e!) BAFFLE 

~ RETAINER 

~ BOLT 

eI] FRONT END SHEET METAL SUPPORT 

Kcau4-ZC-NIP 

Figure 6 • Front End Sheet Metal Support 

IROC-Z GRILLE 
F',gure 1 

EJ Remove or Dltconnect 

• Raise and suitably support vehicle. Refer to· 
GENERAL INFORMATION (SEC. OA). 

1. Radiator air lower baffle. Refer to •Radiator Air 
Lower Baffle• in this section. 

2. Screws (35). 
3. Screws (36). 
4. Grille (34). 

E3 Install or Connect 

NOTICE: See "Notice" on page 2C-l of this 
section for steps 2 and 3. 

1. Grille (34). 
• Hold grille (34) firmly against front end 

panel fascia (17) with band centered on 
"Camaro" image and pressure applied 
rearward 

• Use existing holes in grille (34) as a pilot to 
install screws (35 and 36). 

2. Screws (36). 



fil] FRONT END PANEL FASCIA 
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e!) SCREW 

Figure 7 - IROCZ Grille 
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Figure 6 - Sport Coupe Grille 

~ Tighten 

• Screws (36) to 1.S N ·m (13 lb. in.) 
3. Screws (35). 

Ill Tighten 

• Screws (35) to 1.9 N·m (17 lb. in.) 
4. Radiator air lower baffle. Refer to •Radiator Air 

Lower Baffle• in this section. 
• Lower vehicle; 

FENDER 
FlgutlB 

E3 Remova or Df1C011111Ct 

NOTICE: Tape door edge with body tape to 
prevent damage. 

• Raise and suitably support vehicle. Refer to 
GENERAL INFORMATION (SBC.. OA). 

1. Hood. Ref'er to •Hood Assembly" in this section. 
2. Wheelhouse panel to fender plastic retainer 

screws. 
3. Lower fender bolts (38). 
4. Rocker panel air deflector. Refer to •Rocker 

Panel Deflector• in this section. 
5. Lower front end panel deflector to fender bolts. 
6. Upper fender bolts (37). 
7. Bolt ( 40) from support brace (39). 
8. Front end bumper fascia to fender nuts (80). 
9. Front end bumper fascia to fender bolt.s (81). 
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10. Hood binge-to-fender boits (5). 
11. Side marker lamp electrical connections by 

unplugging connection from lamp socket. 
12. Horn, if needed. Refer to LIGHTING SYSTEM 

AND HORNS (SEC. 8B). 
13. Fender (1), by sliding rearward and outward, at 

rear, with the aid of a· helper. 

E3 Install ar Connect 

NOTICE: See "Notice" on page 2Cl of this 
section for steps 4 through 9 and 11. 

NOTICE: An outer fender panel with a plastic 
inner panel is used Care should be used in 
handling raw fenders due to the lack of fender 
rigidity prior to installation. 

1. Fender (7) by sliding forward and inward at front 
with the aid of a helper. 

2. Hom, if needed. Refer to LIGIITING SYSTEM 
AND HORNS (SEC. 8B). 

3. Side marker lamp electrical connections by 
plugging connection into lamp socket. 

4. Hood hinge-to-fender bolts (5). 

l~I Tighten 
• . Bolts (S) to 27 N·m (20 lb. ft.). 

5. Front end bumper fascia-to-fender bolts (81). 

~ T191rten 
• Bolts (81) to 4.3 N·m (38 lb. in.) 

6. Front end bumper fascia-to-fender nuts (80). 

,~, Tighten 

• Nuts (80) to 4.3 N·m (38 lb. in.). 
7. Bolt (40) to support brace (39). 
8. Upper fender bolts (37). 

~ Tighten 

• Bolts (37) to 1~ N·m (97 lb. in.). 
• Raise and suitably support vehicle. Refer to 

GENERAL ~RMATION (SEC. 0A). 
9. Lower front end pallel deflector to fender bolts 

(79). 

l~I Tighten 
• Bolts (79) to 12 N·m (106 lb. in.). 

10. Rocker panel air deflector. Refer to •·•Rocker 
Panel Deflector" in this section. 

11. Lower fender bolts (38). 

§?J T19hten 

• Bolt (38) to 11 N • m (97 lb. in. ). 
12. Wheelhouse panel-to-fender plastic retainer 

screws. 
13. Hood. Refer to "Hood Assembly" in this section. 

121 Adjust 
• . Fender (7) as needed. Refer to "Body Panel 

Adjustment and Alignment" in this section. 
• Lower vehicle. 

RADIATOR UPPER MOUNTING BRACKET 
Flgur,9 

E3 Rernova·ar Dilconnect 

1. Air cleaner, if necessary. 
2. Up1_M:r mounting bolts (82) from electric cooling 

fan(s) (83). 
• If equipped with air conditioning, carefully 

push lines and bracket (84) out of the way 
for easier access. 

3. Upper mounting bolts (42). 
4. Upper mounting bracket (41). 

• Unclip coolant recovery hose by gently 
prying from clips on upper mounting 
bracket (41). · 

S. Insulators (43) from upper mounting bracket 
(41). 

E3 Install or Connect 
1. Insulators (43) to upper mounting bracket (41). 
2. Upper mounting bracket (41 ). 

• Attach coolant recovery hose onto clips on 
upper mounting bracket (41). 

NOTICE: See "Notice• on page 2C1 of this 
section. 

3. Upper mounting bolts (42). 

,~, Tighten 

• Bolts (42) to 5.7 N·m (SO lb. in.). 
4. Upper mounting bolts (82) to electric cooling 

fan(s) (83). 
• Attach bracket (84) and air conditioning 

lines, if needed. 
S. Air cleaner, if needed. 

WHEELHOUSE PANEL 
Figure 10 

E3 Remoye or Disconnect 
1. Caps (44) over wheelhouse panel screws (46). 
2. Wheelhouse panel screws ( 46). 
3. Wheelhouse panel•t~fender retainers (47). 
4. Wheelhouse panel ( 45). 

I++! Install or Connect 
1. Wheelhouse panel (45). 
2. Wheelhouse panel-to-fender retainers (47). 

NOTICE: See "Notice" on page 2C-1 of this 
section. 
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Figure 9 - Radiator Upper Mounting Bracket 

3. Wheelhouse panel screws ( 46). 

~ Taghtln 
• Screws (46) to 1.5 N·m (13 lb. in.). 

4. Caps (44) over wheelhouse panel screws (46). 

BODY PANEL ADJUSTMENT AND ALIGNMENT 
F",gure ff 

~ Adj111t 
• Front fender (7). 

• Loosen bolts at location where adjustment 
is to be made. 

NOTICE: Use care when prying on body panels 
·to avoid damage. 

• Use pry bar to shift panels to obtain the 
proper clearance. 

NOTICE: See •Notice• on page 2C-1 of this 
section. . 

l~f Tighten 
• All loosened bolts to ·proper torque. Refer 

to •specificanona• in this section. 
• Compare alignment to specifications in Figure 

11. 
• · Repeat above steps until panels are aligned. 

HOOD ASSEMBLY ADJUSTMENT 
F",gur,1 f and ff 

Slotted holes are provided at all hood hinge 
attaching points for proper adjustment - both vertically 
and fore and aft. V crtica1 adjustment at the front may 
be made by adjusting rubber bumpers up and down. 
For best results, make one adjustment at a time. 

Raising or Lowering Corners of Hood 

~ Adjust 

• Hood bumpers. 
• Close hood (1) firmly. 
• Determine amount of adjustment needed. 

Refer to Figure 11 for hood alignment 
specifications. 

• Open hood (1). 
• Change height by loosening the lock nuts. 

turning the hood bumpers up or down and 
tightening the lock nuts. 

• Repeat above steps until hood (1) is 
properly aligned. 

Fore and Aft Adjustment 

llJ Adjust 

• Hood (1). 
• Loosen hood-to-hinge bolts (2). 
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• Move hood (1) forward or rearward. Refer 
to Figure 11 for hood alignment 
specifications. 

NOTICE: See •Notice• on page 2C-1 of this 
section. 

~ Tighten 

• Hood-to-hinge bolts (2) to 11 N·m (97 lb. 
in.). 

• Repeat above steps for the opposite side of the 
hood if needed. 

IROC.Z HOOD ORNAMENT 
Figure 12 

a Remove or Disconnect 
NOTICE: Place protective coverings on fenders to 
prevent damage. 

1. Hood insulator retainers (SO). 
2. Hood insulator (49). 
3. Nuts (51). 
4. Ornament (48). 

E3 lnatall or Connect 

1. Ornament (48). 

NOTICE:. See •Notice• on page 2C-1 of this 
section. 

2. Nuts (51). 

~ Tighten 

• Nuts (Sl) to 1.5 N·m (13 lb. in.). 

3. Hood insulator (49). 

4. Hood insulator retainer (50). 

ADHESIVE MOLDING 

For an adhesive-bacla:d molding with 1~ refer 
to GENERAL BODY SERVICE PROCEDURES 
(SEC. 10-1). a Remove or Disconnect 

• Molding. 

• Hold a hot air gun 152 mm (6 inches);from 
the surface of the molding to be removed. 

• Apply heat, using a circular motion, for 
about 30 seconds. 

• Use a flat-bladed tool, being careful not to 
damage molding or paint, and peel the 
molding from the panel surface, 

• Discard molding. 

E3 Install ar Connect 

• Molding, 

• Mark the position of the molding with a 
length of masking tape. 
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Figure 1 t • Body Panel Adjustment and Alignment 

~ Clean 
• Area with soap and water and wipe 

dry. 

• Area with oil•free naphtha or alcohol 

• If needed, warm body panel with a beat 
lamp or heat ~ to 2rc (70"F). 

• Peel backing from the front end of molding. 

• Do not touch the adhesive backing. 

• Pres., the molding to the panel while 
continuing to remove the backing. 

• Hand•roll the molding to the panel to 
ensure proper adhesion. 

• Make sure that molding end does not 
overlap panel. 

IL•l 1nspect 
• Molding ends for bonding. 

• Hand-roll loose ends. 

REAR BUMPER FASCIA EXTENSION 

Figure 13 

a Remove or Disconnect 
1. Rear end trim panel. Refer to BODY REAR 

END (SEC. 10-7). 

2. Left side upper quarter trim panel, if removing 
left fascia extension (SS). Refer to REAR 
QUARTERS (SEC. 1~. 

3. Spare tire cover from right upper quarter trim 
panel, if removing right fascia extension (SS). 
Refer to REAR QUARTERS (SEC. 10-6). 

4. Spare tire. 
S. Nuts (53) from retainer (54). 
6. Fascia extension bottom screws (52). 
7. Fascia extension side screws (52). 

8. Fascia extension (55). 
• Carefully pull fascia extension (SS) away 

from bumper fascia. 
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Figure 12 - IROC.Z Hood Ornament 

a Install or Connect 

p 

NOTICE: See •Notice• on page 2Cl of this 
section for steps 2, 3, and 4. 

1. Fascia extension (55). 
2. Fascia extension side screws (52). 

~ Tighten 

• Screws (52) to 1.5 N·m (13 lb. in.). 
3. Fascia extension bottom ~ws (52). 

~ Tighten 
• Screws (52) to 1.5 N·m (13 lb. in.) 

4. Nuts (53) to retainer (54). 

~ Tighten 

• Nuts (53) to 1.5 N·m (13 lb. in.). 
5. Spare tire. 
6._ Spare tire cover to right upper quarter trim panel, 

if installing riaht side fascia extension (55). Refer 
to REAR QUARTERS (SEC. 10-6). 

7. Left side upper. quarter trim panel, if removing 
left fascia extension (55). Refer to REAR 
QUARTERS (SEC. 10-6). 

8. Rear end trim panel. Refer to BODY REAR 
END (SEC. 10-7). 

DECAL AND STRIPE 
F,gura 14 

l++I Remove or Di1COnnect 

• Decal or stripe (62). 
• Note position of decal or stripe (62). 
• Apply heat using a beat gun, making certain 

heat gun is moved in a circular motion and 

FRONT'END BODY PANELS 2C-13 

~ SCREW 

§] NUT 

~ RETAINER 

~ FASCIA EXTENSION 
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Figure 13 - Bumper Fascia Extension 

is held at least 152 mm (6 inches) from decal 
or stripe (62). a Install or Connect 

• Decal or stripe (62). 
• Clean area with soap and water and allow 

to dry. 
• Wipe area on vehicle with oil-free naphtha 

or alcohol. 
• Carefully peel away decal backing and 

apply decal or stripe to vehicle maintaining 
pressure for 30 seconds. 

• Trim excess material with heat knife, if 

EMBLEM 
F,gure 16 

needed. 

E3 Remove or Dilconnect 

1. Air cleaner, if necessary. 
2. Filler panel screws, if necessary. 
3. Filler panel, if necessary. 
4. Nuts (65). 
S. -Emblem (63). a Install or Connect 

1. Emblem (63). 

NOTICE: See •Notice• on page 2C~l of this 
section. 

2. Nuts (65). 

,~, Tighten 

• Nuts (65) to 2.3 N·m (20 lb. in.). 
3. Filler panel. if necessary. 



2c.1, FRONT END BODY PANELS 

l!!l DECAL OR STRIPE 
KC88 8,2 

Agure 14 - Decal or Stripe 

4. Filler panel screws, if necessary. 
5. Air cleaner. if necessaey. 

NAMEPLATE 
Figure 15 

E3 Remove or Disconnect 

• Nameplate (64) and nuts (66). 
• Using a flexi'ble, flat bladed tool. carefully 

pry nameplate (64) away from fender panel. 
• Use care to avoid damaging surrounding 

paint. 

E3 11111111 or Connect 

• Nameplate (64) and nuts (66). 
• Place nameplate (64) and nuts (66) in 

existing holes and carefully apply-pressure 
on nameplate until flush with fender. 

DOOR LOWER AIR DEFLECTOR 
Refer to DOORS (SBC. 10-5). 

ROCKER PANEL AIR DEFLECTOR 
r,gure 18 

E3 Remove or Disconnect 

1. Screws (69) retaining deflector to rocker panel. 
2. Deflector (70). 

• Rotate the deflector (70) out and up to 
release it from the retaining clips (71 and 
72) on the quarter panel. 

lL!J 1nspec1 
• Deflector retaining clips (71 and 72) for damage. 

Replace if necesaary. 

E3 Install or Connect 

1. New retaining clips (71 and 72) to deflector (70). 
if necessary. 

~ EMBLEM 

~ NAMEPLATE 

~ NUT 

~NUT 

Figure 15 - Emblem and Nameplate 

2. Deflector (70). 

NOTICE: See •Notice• on page 2Cl of this 
section. 

3. Screws (69) retaining deflector (70) to rocker 
panel. 

,~, Tighten 

• Screws (69) to 1.5 N ·m (13 lb. in.). 
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SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

FRONT END BODY PANELS 2C-15 

ltC8820-2C-l'-IIP 

Hinge-to-Fender Bolt ........................................................................................ 27 N·m (20 lb. ft.) 
-Hood-to-Hinge Bolt .••.....••..•...•..•.....•..•••..............•..•.•.•........•..........•................. 11 N ·m (97 lb. in.) 
Primary Hood Latch Bolt ................................................................................ 27 N ·m (20 lb. ft.). 
Secondary Hood Latch Bolt ...................... ...................... ......................... ......•. 11 N • m (97 lb. in.) 
Radiator Air Upper Baffle Bolt ......................................................................... S N·m (4S lb. in.) 
Front End Fascia Center Bracket Bolt ........................................................... 9.5 N•m (84 lb. in.) 
Front End Sheet Metal Support Bolt .............................................................. 11 N •m (97 lb. in.) 
Lower Sport Coupe Grille Screw .................................................................... 1.9 N•m (17 lb. in.) 
Front Sport Coupe Grille Screw ..................................................................... 0. 75 N ·m (7 lb. in.) 
Side IROC-Z Grille Screw ..•...•.••.••.•..•.....••...•.••...•.•.••...•...•....................•........ 1.5 N ·m (13 lb. in.) 
Upper IROC-Z Grille Screw ........................................................................... 1.9 N·m (17 lb. in.) 
Front End Bumper Fascia-to-Fender Bolt ..................................................... 4.3 N·m (38 lb. in.) 
Front End Bumper Fascia-to-Fender Nut ...................................................... 4.3 N •m (38 lb. in.) 
Upper Fender-to-Body Bolt ............................................................................. 11 N·m (97 lb. in.) 
Lower Front End Panel Deflector-to-Fender Bolt ........................................ 12 N ·m (106 lb. in.) 
:Lower Fender-to-Body Bolt ............................................................................. 11 N·m (97 lb. in.) 
Radiator Upper Mounting Bracket Bolt ......................................................... S.1 N·m (SO lb. in.) 
IR..OCZ Hood Ornament Nut ........................................................................ 1.5 N •m (13 lb. in.) 
Wheelhouse Panel-to-Fender Screw ................................................................ 1.5 N·m (13 lb. in.) 
Fascia Extension Side Screw ........................................................................... 1.5 N ·m (13 lb. in.) 
Fascia. Exterlsion Bottom Sc.rew ..••.••.••..•••..•••••.•.••..•..•....••••••••••••••••.•••.......•..... 1.5 N·m (13 lb. in.) 
Fascia Extension Retainer Nut ....................................................................... 1.5 N ·m (13 lb. in.) 
Front End Panel Fascia Emblem Nut ............................................................ 2.3 N·m (20 lb. in.) 
Rocker Panel Deflector-to-Body Screw .......................................................... 1.S N ·m (13 lb. in.) 
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SECTION 3 

STEERING SUSPENSION·, TIRES AND 
WHEELS DIAGNOSIS 

The following •Notice• applies to one or more steps in the assembly procedure of components in this portion 
of the manual as indicated at appropriate locations by the terminology: •NOTICE: See "Notice" on page 3-1 of 
this section.• 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. H the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. H the above conditions are not followed, parts or system damage 
could result. 
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GENERAL INFORMATION· AND 
·DIAGNOSIS 

• Improper strut dampener or· shock -absorber 
action. 

Shimmy, Shake or Vibration 

U!] Inspect 

Since the problems in steering. suspension,· tires 
and wheels involve several systems, they must all be 
considered when diagnosing a complaint. To avoid 
using the wrong symptom. always road test the vehicle 
fll"St. Proceed with the following preliminaey checks 
and correct any substandard conditions which are 
found. 

· • Out of balance tire or wheel 

U!J 1nspect 

• T'ires for wrong pressure and uneven wear. 
• Joints from the column to the steering gear for 

loose connectors or wear. 
· • Front and rear suspension, steering gear or linkage 

for loose or damaged parts. 
• Out-of-round or out-of-balance tires, ·bent wheels, 

and loose and/or rough wheel bearings. 
• Power steering system for leaks. Also check the 

power steering fluid level and the pump drive belt 
tension. Refer to .. Power Steering Pump 
Diagnosis" in this section. 

Car Pulls or Laads 

1l•11n,pect 
• Mismatched or uneven tires. 
• Broken or sagging springs. 
• Radial tire lateral force. 
• Misaligned front wheels. 
• Unbalanced steering gear valve. 
• Dragging front brakes. 

Abnormal or ExC811ivt Tire Wear 

U!J Inspect 
• Misaligned front or rear wheel. 
• Excessive toe. 
• Sagging or broken springs. 
• Out of balance tire. 
• W om strut dampener or shock absorber. 
• Hard driving. 
• Overloaded vehicle. 
• Tires not rotated. 
• Low inflation pressure. 

Scuffed Tires 

U!) Inspect 

• Incorrect toe. 
• Excessive speed on turns. 
• Bent or twisted suspension arm. 

Wheel Tramp 

IL•I Inspect 
• Out of balance tire or wheel. 

• Excessive wheel stud runout. 
• Excesmve brake drum or rotor imbalance. 
• W om tie rod ends. 
• Wheel trim imbalance. 
• Wom lower ball joints. 
• Excessive wheel runout. 
• Excessive loaded radial run.out of tire and wheel 

assembly. 

Hard Steering 

U!) ln1pect 

• Hydraulic system - Perform test with gage J 
5176-D or J 25323-A u outlined in 'Power 
Steering System Test Procedure' in this section. 

• Misadjusted steering gear. 
• Bind or catch in steering gear. 
• Loose steering gear mounting. 
• Faulty steering gear pressure port check valve. 

Tao Muell Play iD Storing 

(L!] 1n1pect 

• Worn wheel bearings. 
• Loose steering gear mounting. 
• Loose or worn joints from column to · steering 

gear. 
• Misadjusted steering gear. 

Poor Returnablllty 

IL!] Inspect 

• Lack of lubrication at ball joints and tie rod ends. 
• Bind in ball jQints. 
• Bind in steering column. 
• Misaligned front wheel 
• Misadjusted steering gear. 
• Sticking valve. 
• Lower coupling binding on steering· gear. 

Abnormal Noise at Front Encl 

IL•l 1n1pect 
• Lack of lubrication at ball joints and tie rod ends. 
• Damaged suspension components. 
• Wom control arm bushings or tie rod ends. 
• Loose stabilizer shaft. 
• Loose wheel nuts. 
• Loose suspension bolts. 
• Loose wheel covers. 
• Misadjusted steering gear. 



• Worn strut dampeners or mountings. 
• Improperly positioned spring. 

Wander or Paar Steering Stability 

(L!] tnspact 

• Mismatched or uneven tires. 
• Lack oflubrication at ball joints and tie rod ends. 
• Wom strut dampeners. 
• Loose stabilizer shaft. 
• Brok.en or sagging springs. 
• Misadjusted steering gear. 
• Misaligned front or rear wheel 

Erratic Steering When Braking 

IL!] inspect 

• Wom wheel bearings. 
• Broken or sagging springs. 
• Leaking wheel cylinder or caliper. 
• Warped rotors. 
• Incorrect or uneven caster. 

law ar Onnen Trim Haight 

IL!) Inspect 

• Broken or sagging springs. 
• Overloaded vehicle. 
• Incorrect or weak springs. 

Ride Too Soft 

IL!) Inspect 

• Wom strut dampeners or shock absorbers. 
• Incorrect or sagging springs. 

Ride Too Harsh 

IL!) Inspect 

• Incorrect strut dampeners or shock absorbers. 
• Incorrect springs. 

lady leans ar Sways la Cam1r1 

IL!J tnspect 
• Loose stabilizer shaft. 
• Wom strut dampeners, shock absorbers or 

mounting. 
• ·· Broken or sagging springs. 
• Overloaded vehicle. 

Suspension Bottoms 

IL!J 1n1pect 

• Overloaded vehicle. 
• W om strut dampeners or shock absorbers. 
• Incorrect, broken or sagging spring. 

STEERIIG, SUSPEISIOI, TIRES AID WHEELS DIAGIOSIS 3.3 
•0og• Tracking 

IL!) Inspect 

• Damaged rear suspension arm or wom bushings. 
• Bent rear axle. 
• Incorrect frame or underbody alignment. 

Stlllriag WIIIII Kicllbai:k 

IL!] inspect 

• Air in system. 
• Loose steering gear mounting. 
• Loose or wom joints from column to steering 

gear. 
• Loose tie rod ends. 
• Wom or missing check valve. 
• Worn wheel bearings. 
• See "Too Much Play in Steering" in this section, 

for other possible causes. 

Steering Wheel Surg11 or Jerks 

IL!) Inspect · 

• Incorrect hydraulic system pressure. 
• Perform pressure test with gage J S 176-D or 

1 25323-A as outlined in "Power Steering 
System Test Procedure" in this section. 

• Sluggish steering gear valve. 
• Loose pump drive belt. 

Cupped Tim 

IL•l 1n1pect 
• Misaligned front or rear wheel. 
• Weak strut dampeners or shock absorbers. 
• Worn wheel bearing. 
• Excessive tire or wheel runout. 
• Worn ball joint. 
• Loose steering gear adjustment. 

POWER RECIRCULATING BALL 
STEERING GEAR DIAGNOSIS 

Hissing Noise 
There is some noise in all power steering systems. 

One of the most common is a hissing sound when the 
steering wheel is turned and the car is not moving. This 
noise will be most evident when turning the wheel 
while the brakes are applied. There is no relationship 
between this noise and steering performance. ])o not 
replace the valve unless the h.img noise is extremely 
objectionable. A. replacement valve will also have a 
slight noise. and is not always a cure for the condition. 
Check that the intermediate shaft joints are not loose. 

Rattle or Chucking Noiaa 

IL!) Inspect 

• Pressure hose grounding out 
• Loose tie rod ends. 
• Loose steering gear attachment. 
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• Loose pitman shaft. 
A slight rattle may occur on turns because of 

increased clearance off the "high point". This is no~ 
and clearance must not _be reduced below specified 
limits to eJiminate this slight rattle. · · 

Poor Return of Staarlng Wheal to Cen18r 

IL!] tnspect 

• Misaligned front wheel 
• Worn wheel bearing. 
• Binding tie rod end. 
• Binding ball joint. 
• Steering wheel rubbing against tum signal 

housing. 
• Misadjustcd steering gear. 
• Tight or frozen intermediate steering shaft.. 
• Sticky or plugged spool valve. 

Momentary lncl'IIIII in Effort Whan Turning 
Wheal Fast to Right or Left 

IL!J 1nspect 

• High internal ~ 

at.rill WIIIII Sul'III • Jarb .._ Tining 
widl EngiN lbl■ailll, &,ldllly D1ri11 
Parking 

IL!) inspect 

• Insufficient pump pressure. 
• Sticky flow control valve. 

Exceuive Wheal Kickback or l.ooN Steering 

(L!l 1r11pect 

• Air in system. 
• Loose steering gear adjustment. 
• Loose tie rod ends. 
• Worn wheel bearings. 
• Steering gear flexible coupling loose on shaft. 
• Loose rubber disc mounting nuts. 
• Loose thrust bearing preload adjustment. 
• Excessive .. over-center'' lash. 
• Worn pressure port· check valve. 

Ha~ Staerlng 1r ladl If Alllst. 
&,lcially Dllri■t Parlillg 

IL!J 1n1pact 

• Brakes applied while tu.ming steering wheel. 
• Damaged or worn intermediate shaft. 
• Sticky flow control valve. 
• Insufficient pump pressure. 
• Excessive internal pump leakage. 
• Excessive internal steering gear leakage. 

STEERING LINKAGE DIAGNOSIS 
Exceaive Play or 1.ooNn111 in·Staerlng Syitam. 

IL!] Inspect 

• W om upper ball joints. 
• Loosely adjusted steering gear worm bearings. 
• Excessive pitman shaft to_ ball nut lash in steering 

gear. 
• Worn relay rod or tie rod sockets. 

Exctulva Looun• in Tie Rod or Relay 
Rod Plvotl. or Exc:assiva Vertical Lash in Idler 
Support 

(L!l 1n1pact 

• Damaged and leaking seal resulting in loss of 
lubricant. corrosion and excessive wear. 

Hard Steering 

(L!l 1n1pact 

• Tight or frozen relay rod, tie rod or idler socket. 
• Steering gear adjusted too tight. 

POWER STEERING PUMP DIAGNOSIS 
Foaming, Milky Power Steering Fluid, 
Law Fluid Leval. and Poaible Low Preaura 

This can be caused by air in the fluid, and loss of 
fluid due to internal pump leakage causing overflow. 
Check for leak and correct. Bleed the system. 
Extremely cold tem~tures will cause air bubbles in 
the system if the flmd level is low. If the fluid level is 
correct and pump still foams, remove pump from the 
vehicle and separate reservoir from housing. Check soft 
plug and housing for cracks. If housing is cracked, 
replace housing. 

Law Preuura Due to Steering Pump 

IL!I Inspect 
• Stuck or inoperative flow control valve. 
• Pressure plate not flat against cam ring. 
• Extremely worn cam ring. 
• Scored pressure plate. thrust plate or rotor. 
• Vanes sticking in rotor slots. 
• Cracked or broken thrust or pressure plate. 
• High internal leakage. 

Law Prauure Due to Steering Gear 

IL!] Inspect 

• Scored housing bore. 
• Leakage at valve rinp or seals. 

Growling Nolle in Staarfng Pump 

IL•I Inspect 
• Restricted hoses or steering gear, causing 

excessive back pressure. 
• Scored presmre plates. thrust plate or rotor. 



• Worn cam ring. 

Groaning Noi11 in Stlerlng Pump 

IL!]tnspect 
• Air in the fluid. 

• Low fluid level. 
• Lome pump mounting. 

Rattling Noise in St8ering Pump 

IL!) lnapect 

• Vanes sticking in rotor slou. 
• Improperly installed vane. 
• Damaged ball bearing. 

Swishing Nai9a in Staaring Pump 

IL!J tnapect 

• Damaged flow control valve. 

Whining Noise in Steering Pump 

IL!] Inspect 

• Scored pump shaft beatjng. 
• Scored pres.,ure plates ud vanes. 

STEERING COLUMN DIAGNOSIS 
LOCK SYSTEM 
WiU Not Unlock 

IL!] Inspect 

• Collapsed shear flange on sector shaft. 
• Damaged lock bolt. 
• Damaged lock cylinder. 
• Damaged housing. 
• Damaged sector. 
• Damaged rack. 
• Damaged park lock cable. 

Will Not Lock 

IL!] Inspect 

• Broken or worn lock bolt spring. 
• Damaged sector. 
• Damaged lock cylinder. 
• Burr on lock bolt. 
• Damaged housing. 
• Improper shift linkage adjustment. 
• Damaged rack. 
• Interference between bowl and rack coupling. 
• Stuck ignition switch. 
• Restricted actuator rod. 
• Incorrectly installed sector. 
• Damaged park lock cable. 
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High Lack Effort 

IL!]tnapect 
• Damaged lock cylinder. 
• Damaged ignition switch. 
• Broken or deformed rack preload spring. 
• Burrs on sector, rack, housing. support or 

actuator rod coupling. 
• Bent sector shaft. 
• Damaged rack. 
• Extreme misalignment of housing to cover. 
• Distorted coupling slot in rack. 
• Bent actuator rod. 
• Bent ignition switch mounting bracket. 
• Restricted actuator rod. 
• Improper shift linkage adjustment. 

Will Slick ii 11Start" 

IL!] Inspect 

• Deformed actuator rod. 
• Check items under "High Lock Effort" in this 

section. 
ley Cu■at Be IIIIIOVINI ii "OFF-LOCI" 

IL!] Inspect 

• Incorrectly set ignition switch. 
• Damaged lock cylinder. 
• Misadjusted linkage. 

Lock Cylinder Can Be Removed 

IL!J tnapect 

• Missing lock cylinder retaining screw. 

Hi• Effort in Lack Cyf■dlr Blhnlll 
"OFF" ■nd "OFF-LOCI" 

IL•I Inspect 

• Distorted rack. 

lack Belt H"a Sllaft Laa la "OFF" 
ud "PARr 

. IL!] Inspect 

• Incorrectly set ignition switch. 

COLUMN 
Noise In Column 

IL!J 1n1pect 

• Loose joints from the column to the steering gear. 
• Incorrectly aligned column. 
• Unlubricated horn contact ring. 
• Lack of grease on bearings. 
• Loose sight shiclda. 

· • Worn or broken lower or upper steering shaft 
bearing. 



. . 

3-i STEERING, SUSPEISIOI. TIRES AID WHEELS DIAGIOSIS 

• Unseated shaft lock snap ring. 
• Unlubricated spherical joint. 

High Steering Shaft Effort 

IL•l lnapect 
• Misaligned column assembly. 
• Improperly installed or deformed dust seal. 
• Damaged upper or lower bearing. 
• Flash on ID of shift tube. 
• Tight intermediate steering shaft universal joint. 

La1h in Steering Column 

[!) inspect 

• Loose instrument panel (IP)-to-column upper and 
lower bracket mounting bolts. 

• Broken weld nuts on jacket. 
• Sheared IP upper bracket capsule. 
• Loose shoes in housing. 
• Loose tilt head pivot pins. 
• Loose shoe lock pin in support. 
• Loose support screws. 
• Loose column upper and lower bracket-to-jacket 

bolts. 
• Loose lower bracket-to-adapter and bearing 

assembly mounting screws 
• Loose IP-to-jacket mounting bolts. 

H1111i1g Scraping a■ Bawl 

[!) Inspect 

• Bent bowl or bowl not concentric with hub. 
• Improperly installed cover and housing end cap. 

Loose Steering Wheel 

(L!J lnapect 

• Exccuive clearance between holes in support or 
housing and pivot pin diameters. 

• Damaged or missing anti-lash spring in spheres. 
• Upper bearing not seated in housing. 
• Missing upper bearing inner race seal. 
• Loose support screws. 
• Missing or broken bearing preload spring. 

Loose Steering Wheel (Every Other Tilt Position) 

IL!) inspect 

• Loose fit between shoe and shoe pivot pin. 
• Shoe not free in slot. 

Steering Column Not Locking in 
Any Tilt Position 

IL•I Inspect 
• Shoe seized on pivot pin. 
• Burrs or dirt on shoe grooves. 
• Weak or broken shoe lock spring. 

Steering Wheal Falla to Return 
to Top Tilt Position 

IL!) Inspect 

• Bound up pivot pins. 
• Broken or weak wheel tilt spring. 
• Tight tum signal switch wires. 

Noise When Tilting Column 

IL•l 1n1pect 
• Worn upper tilt bumpers. 
• Tilt spring rubbing in housing. 

TURN SIGNAL SWITCH 
This diagnosis covers mechanical problems only. 

Refer to ELECTRICAL DIAGNOSIS (SEC. 8A) for 
turn signal switch electrical diagnosis. 

Turn Signal WIii Not Stay in Turn POlftion 

IL!) inspect 

• Foreign material or loose parts impeding 
movement of yoke. 

• Broken or missing detent or cancelling spring. 
• None of the above. Replace switch. 

Turn Signal Will Not Cancel 

(L!J 1n1pect 

• Loose switch mounting screws. 
• Broken switch or anchor bosses. 
• Broken, miuiug or out ~ position detent, return 

or cancelling spring. 
• Worn cancelling cam. 

Turn Signal Difficult to Operate 

IL!) Inspect 

• Loose turn signal switch arm. 
• Broken or distorted yoke, replace switch. 
• Loose or misplaced springs. 
• Foreign parts -and/or material. 
• Loose tum signal switch mounting screws. 

Turn Signal WIii Nat Indicate Lane Change 

IL!) Inspect 
• Broken lane change pressure pad or spring 

hanger. 
• Broken, missing or misplaced lane change spring. 
• Jammed base or wires. 

Hazard Switch Cannot Be Turned •OFF' 

IL•l 1n1pact 
• Foreign material between hazard support 

cancelling leg and yoke. 
• If no foreign material is found. replace turn signal 

switch. 



Hanni Switch Will Nat Stay 
•ON• or Dlfflcult to Tum •OFF" 

[L!l lnspact 

• Loose tum signal swit.ch. 
• Interference with other components. 

• Foreign material interference.-
• None of the above. Replace tum signal switch. 

No Tum Signal Lampa 

[L!) 1nspect 

• Electrical failure in chasm harness. 
• Inoperative tum signal flasher. 
• Loose cbassis-t~lumn connector. Disconnect 

chassis-to-column connector and connect new 
tum signal switch to chassis and operate switch 
by hand. 
- If vehicle~~ now operate normally, turn 

signal switch as inoperative. 
- If vehicle lamps do not operate, refer to 

ELECTRICAL DIAGNOSIS (SEC. 8A). 

Jura l■dicatar I.amps "01", Bat lat Flashing 

[L!] tnapect 

• Inoperative tum signal flasher. 
• Loose chasm-to-column connection. 
• Inoperative tum signal switch. 
• To determine if tum signal switch is inoperative, 

substitute new tum signal switch into circuit and 
operate switch by hand If the vehicle lamps 
operate normally, turn signal switch is 
inoperative. 

FrNt or llllr Tum Signal lamps lat Flnhing 

IL!) inspect 

• Burned-out or damaged tum signal bulb. 
• High resistance connection to ground at bulb 

socket. 
• Loose chassis-to-column connector. Disconnect 

chasms-to-column • connector and connect new 
tum signal switch into system and operate switch 
by hand. 
- If tum signal lamps are now "ON" and 

flashing, turn signal switch is inoperative. 
- If vehicle lamps do not operate, refer to 

ELECTRICAL DIAGNOSIS (SEC. 8A). 

No Turn Indicator Panel Lamps 

IL!J tnspect 
• Burned out bulbs or opens, grounds in the wiring 

harness from the front tum si,gnal bulb socket to 
the indicator lamps. Refer to ELECTRICAL 
DIAGNOSIS (SEC. SA). 
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Stoplamp iat "Or' WhH Tum l■dlatld 

IL!J1nspect 
• Loose chassis-to-column connection. 
• Disconnect the chassis-to-column connector-and 

connect the new turn signal switch into the 
system and operate the switch by hand. 
- If the brake lamps work when the switch is 

in the tum position. the tum signal switch 
is inoperative. • 

- If the brake lamps do not work. refer to 
ELECTRICAL DIAGNOSIS (SEC. 8A). 

Tum Signal Lamps Flash Very Slowly 

IL•f 1n1pect 
• Loose chassis-to-column connection. 
• Disconnect the chassis-t~lumn connector and 

connect a new turn signal switch into the system 
and operate the switch by hand. 

If the lamps flash at a normal rate, the tum 
signal swit.ch is inoperative. 

- If the lamps still flash very slowly, refer to 
ELECTRICAL DIAGNOSIS (SEC. SA). 

Hazard Signal Lamps Will Nat 
Flash - Tum Signal Functions Normally 

[L!) Inspect 

• Blown fuse. 
• Inoperative hazard warning flasher. 
• Loose chassis-to-column connection. 
• Disconnect the column-to-chasm connector and 

connect a new tum signal switch into the system, 
then press in the hazard warning button and 
watch the haurd warning lights. 
- If the lamps now work normally, the turn 

signal swit.ch is inoperative. 
- H the lamps do not flash, check the wiring 

hames.1. Refer to ELECTRICAL 
DIAGNOSIS (SEC. 8A). 

IGNITION SWITCH 
Electrical System Will Nat Function 

[L!) tnspect 
• Damaged ignition switch. 
• Improperly adjusted ignition switch. 
• Loose connector at the ignition swit.ch. 

Switch Will Not Turn 

IL!) in~ 
• Damaged ignition switch. 

Switch Cannot Be Set Correctly 

IL•l tn1pect . 

• Deformed switch actuator rod. 
• Sector to rack engaged in wrong tooth. 
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KEY REMINDER 
FlguJN 1 through 10 
llllllilUllr Colltinua ta Opema witlt IC1y 
On. Ht Stlps When- Drivar'1 DNr ii CIINd 

IL!} lnapect 

• Chips, foreign material in lock cylinder bore. 
• Sticky lock cylinder actuator tip. 
• Damaged or broken reminder switch (3). 

Rlain• DN1 lot Snld witll Kay FIiiy 
l-■r1III 111 La Cyllld■r and the Drinr'1 Door o .. n 

(L!] 1nspect 

NOTICE: If you are using a multimeter to check 
continuity with voltage present in circuits. ~ sure 
to use a voltage setting. A multimeter set on a 
resistance scale will be damaged by the voltage 
from live circuits. 

1. Reminder to see if pc;,wer is available. Refer to 
ELECTRICAL DIAGNOSIS (SEC. BA). 

2. Chassis wiring for open circuiL 
• Separate chassis connector (1) from column 

connector (2). 
• Connect the female contacts of terminals 

•E• and •p• on the chassis connector (1). 
A bent paperclip will work as a jumper. 
- If the reminder sounds, repair the 

chassis wiring. 
- If the reminder does not sound, go to 

step 3. 
3. Continuity between the male •E• and •p• 

column connector contacts with a multimeter (or 
test light). 
• · Push the key all the way into the lock 

cylinder (4). 
- If there is continuity when the key is 

in. and off when the key is out, the 
function is normal. 

- If there is no continuity, the fault is in 
the column. Go to step 4. 

4. Probes of the remindet switch (3) to ensure good 
contact with the pads on the signal switch. 
• Disassemble the upper end of the column 

until the tum signal switch mounting 
screws have been removed. 

• Lift the turn signal switch to gain access to 
the probes. 

·• Bend the probes, if needed. Then replace the 
tum signal switch and tighten the three 
screws. 

• Check the function IS in step 3. 
S. Tum signal switch wiring for short or fault. 

• Connect the male contacts of terminals •E• 
and •p• of the column connector (2) with 
a jumper. 

• Check key reminder switch pads on tum 
signal switch with multimeter. 

- If there is continuity, the function· is 
normal · 

- If there is no continuity, replace the 
tum signal switch. 

6. Continuity of check key reminder switch probes, 
if the problem has not. been found. 
• Connect a multimeter to the probes on the 

reminder switch (3). 
• Fully insert and remove the key from the 

lock cylinder (4). 
- If there ia continuity when the key is 

in the lock cylinder (4) and no 
continuity when the key is out, the 
function is normal. Retrace the 
diagnostic steps starting at step 3. 

- If there is no continuity, the fault is in 
the lock cylinder (4) or reminder 
switch (3). 

7. Lock cylinder (4) for chips, burn or foreign 
material that may prevent actuator tip function. 
• The key must be removed, · or the lock 

cylinder(4)mustbein the •RUN. position, 
before the lock cylinder can be removed. 

• Remove clips, burn or foreign material. 
• Reassemble and recheck (step 6). 

8. Lock cylinder (4) for damage. 
• With the lock cylinder (4) removed, push the 

key all the way in. Tum to the "RUN" 
position and then remove the key. 

- The lock cylinder actuator tip should 
extend and retract smoothly. The total 
extemionofthetipshouldbe 1.27~ 
(O.OSO inch). · . 

- If not, replace the lock cylinder (4). 
Reassemble and recheck per step 4. 

9. Reminder switch (3) if it appears good but will 
not operate. 
• Connect multimeter leads to the reminder 

switch probes on the reminder switch (3). 
• Press on the actuator pad until the switch 

points touch. 
• If there is no continuity, replace the 

reminder switch (3). 
10. Reminder switch contact gap. 

• Connect. multimeter leads to the reminder 
switch probes on the reminder switch (3). 

• Press a 0. 76 mm (0.030-inch) wire type plug 
gage with a flat piece of stock onto the 
actuator pad. 
- If contact is not made (no continuity), 

decrease the switch contact ·gap until 
positive·contact is made. · 

11. Reminder switch contact gap, with positive 
contact gap set at 0. 76 mm (0.030 inch) IS 
outlined above. 
• Use a 0.63 mm (0.025-inch) plug gap ~ 

beneath the Oat stock. 
· - If contact is made (continuity), 

incn:ase the switch contact gap. 
• The reminder switch (3) is set properly when the 

switch contact will touch the 0. 76 mm (0.030 
inch) wire but not the 0.63 mm (0.025 inch) wire. 



0 BENT PAPERCUP 

0 CONTACTS 

1 CHASSIS CONNECTOR 
kCO 1-3..._,.P 

Figure 1 - Checking Reminder at Chassis Connector 

0 TESTLEADS 

0 COLUMN CONNECTOR 

Figure 2 - Checking Reminder at Column Connector 

Remin•r Kay 1Np1 Operating with Key 
In lack Cylilder, Driver's Daor Open or Clallit 
Cases Whaa Kay Is Removed · 

IL!) inspect 
• Misadjusted or inoperative door jamb switch on 

driver's side. 

• Shorted wire from signal switch to door jamb 
switch. 

• This condition indicates the lock cylinder 
(4)or the reminder switch (3) is at fault. To 
verify, check for continuity at the "E" and 
"F' male column connector contacts, with 
the key removed from the lock cylinder (4). 

- H continuity exists, the fault is in the 
column. 
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~ TEST LEADS 

[!] REMINDER SWITCH PADS 
K 

Figure 3 • Checking Reminder Switch Pads 

0 TESTLEADS 

[TI REMINDER SWITCH 

Figure 4 - Checking Reminder Switch 

• Insert the key into the lock, then tum the 
lock toward the "START'' position. 

- H the reminder s~ when the key is 
in the "RUN" position or when it is 
turned past "RUN'' toward 
"START," the problem is a sticky 
lock cylinder actuator. 

COLUMN-MOUNTED DIMMER SWITCH 

lo "LOW" ar "HIGH" Bnm 

IL!J 1napect 

• Loose connector at dimmer switch. 
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~ ACTUATORTIPRETRACTED 

0 LOCK CYLINDER .. 
Figure 5 - Lock Cylinder Actuator - Key Removed 

ACTUATOR TIP EXTENDED 

LOCK CYLINDER 
KCOOO P 

0 TESTLEADS 

[!] STRAIGHT EDGE 

@] PlUGGAGE 

[TI REMINDER SWITCH 

" Figure 8 - Checking Contact Gap 

Figure 6 - lock Cylinder Actuator - Key in Place · ~--

0 TESTLEADS 

[!] SCREWDRIVER 

@] ACTUATOR PAD 

0 REMINDE~ SWITCH 

Figure 7 - Checking Key Reminder Switch Continuity 

• Improper adjustment. 

• Intemally damaged or worn switch. 

• . Check the continuity on the switch at the 
light green and at the tan switch terminals 
by pushing in the plunger all the way. A 
click should be heard. 

0 SCREWDRIVER 

3 REMINDER SWITCH 

Figure 9 - Decreasing Switch Contact Gap 

0 SCREWDRIVER 

[TI REMINDER SWITCH 

Figure 1 O - Increasing Switch Contact Gap 

PIVOT AND SWITCH ASSEMBLY 

p 

- If there is no continuity, replace the 
dimmer switch. Switch Inoperative: No uLOW," •HIGH" and/or "WASH'" 

- If there is continuity, refer to 
ELECTRICAL DIAGNOSIS (SEC. 
SA). 

(L!J 1nspect 
• Loose body-to-switch connector. 
• Broken or damaged switch. 
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• lntemally damagal or worn switch. 
• · Connect a new switch without removing the 

old one. 
- If the system functions, replace the 

switch. 
- If the system doesn't function, refer to 

El.£CTRICAL DIAGNOSIS (SEC. 
BA). . 

STEERING GEAR AND PUMP LEAK 
DIAGNOSIS 

GENERAL PROCEDURE 

IL!J lnlpect 

• For these common complaints about the power 
steering system: 
- Fluid leakage OD garage floor. 
- F1uid leab visll>le OD steering gear or pump. 
- Growling noise, especially when parking or 

when engine is cold 
Loss of power .sieermg when parking. 

- Heavy steering effort n:quired. 
• For an overfilled reservoir. 
• For fluid aeration and overflow. 
• Hose connections. 
• Identify exact point 'of leakage. Refer to 

•External Leakage Check• in this section. 
- The point from which the fluid ia dripping 

!8 not ~~Y ~e point w~ the ~yatem 
JS leaking. It JS unpqrtant to identify the 
exact point of leakage. 

EXTERNAL LEAKAGE CHECK 
F",gure 11 

This procedure will help identify the exact 
location of the leak. Some leaks can easily be located 
but seepage type leaks may be more difficult. To locate 
seepage leaks, use the following method: 

1. With the engine oft', wipe dry the complete power 
steering system. 

2. Check the fluid 'levd in the pump reservoir. 
Adjust fluid levef as necessary. 

3. Start the cnpie. Then tum the steering w~ from 
stop to stop several times. 
- Do not hold it at a stop for any length of 

thne as this ca» damage the poweJ! steering 
pump. 

- It is easier for someone else to opcrat.c the 
steering wheel while you search for the 
seepage. 

4. Find the exact location of the leak and repair. 

SEAL REPLACEMENT 
RECOMMENDATIONS 

Rotating shaft lip seals require specia) treatment. 
This type of seal is used on the steering gear and on the 
drivesbaft of the pump. When then:: is a leak in one of 
these areas, always replace the seal or seals after 
inspecting and thoroughly cleaning the scaling surfaces. 
Replace tbe shaft only if very severe pitting ia found. If 

the corrosion in the lip seal contact zone is slight, clean 
the surface <>f the shaft with crocus cloth. Replace the 
shaft only if the leakage ·cannot be stopped by fint 
s,nnntbing with ~ cloth. _ .. . 

POWER STEERING SYSTEM 
TEST PROCEDURE 

F",gure 12 
Tool Required! 

J 5176-D Power Steering lffssure Teater, 
0-2000 psi, or 
J 25323-A Power Steering System Analyzer 

Disamnect pressure hose at pump. 
• Use a small container to catch any fluid 

which might leak. 
2. Connect a spare pressure hose to pump. 
3. Connect J 5176-D or J 25323·A to both 

hoses. 
• The power steering system may be tested usmg 1 S176-D or J 25323-A,. Testing with 

1 25323-A will measure flow rate as well as 
pressure. 

4. Open valve on 1 5176-D or 1 25323•A, 
5. Start the engine. 

• Allow the system to reach operating· 
temperature, then check tbe fluid level and 
add fluid if required. 

• When the engine is at normal operating 
temperature, the . pressure readi;ng on 
J Sl 76-D or J-25323-A should be S52•862 
kPa (80 - 125 psi). 
- If the pressure is more than 1380 kPa 

(200 puj, check the hoses for 
restrictions and the poppet valve OD 
the steering gear for proper assembly. 

NOTICE: Do not leave the valve fully closed for 
more than 5 SCQOnds as the pump could be 
damaged. 

6. Fully close the valve 3 times and record the 
pressure reading each time. Each reading should 
show at least 6895 kPa (1000 pSl). , The three 
readings should' be within 345 kPa (SO psi) of each 
other. 
- If the pressure readings are high enough and 

are within 345 kPa (58 psi) of each other, 
the pump is. functioning properly. 

- If the pressure readings are high.· enough bu.t 
are not within 345 kPa (50 pa') of each 
other, the control valve in the pump is 
sticking. 
• Remove the valve, clean it and remove 

any burrs using crocus cloth or fine 
hone. 

• If the iystcm contains some dirt, flush 
it. 

• If it is exceptionally dirty, both the 
steering gear and the pump must be 
completely disassembled, cleaned, and 
reassembled. Refer to POWER 
STEERING GEAR AND PUMP 
(SEC. 3Bl). 
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GEAR AND PUMP LEAK DIAGNOSIS 

1. REPLACE DRIVESHAFT SEAL. MAKE CERTAIN THAT 
DRIVESHAFT IS CLEAN ANO FREE OF PITTING IN SEAL 
AREA. 

2. REPLACE RESERVOIR 0-RING SEAL 
3. TORQUE HOSE FlmNG NUT TO 35 N•m (25 LBS. FT.I. IF 

LEAKAGE PERSISTS, REPLACE 0-RING SEAL. 
4 , TORQUE FITTING TO 75 •N•m (515 LBS. FT.). IF LEAKAGE 

PERSISTS, REPLACE 0-RING SEAL 
5. REPLACE 0-RING SEAL. 
8. IF LEAKAGE IS OBSERVED AT (Al, FOLLOWING 

MANUFACTURER'S DIRECTIONS, APPLY LOCTITE 75559 
SOLVENT AND LOCTITE 290 ADHESIVE, OR EQUIVALENT, 
TO TUBE-HOUSING CONNECTION. IF LEAKAGE IS COMING 
FROM (Bl, REPLACE RETURN TUBE. IF COMING FROM (Cl, 
REPt.ACE HOSE OR CLAMP. 

7. CHECK OIL LEVEL; IF LEAKAGE PERSISTS WITH THE LEVEL 
CORRECT AND CAP TIGHT, REPLACE THE CAP. 

8. IF A CRACKED OR BENT RESERVOIR IS DETECTED, 
REPLACE RESERVOIR. 

9 . TORQUE NUT TO 48 N•m (35 LBS. FT.). REPLACE NUT IF 
LEAKAGE PERSISTS. . 

10. TORQUE SIDE COVER BOLTS TO 80 N•m (46 LBS. FT.I. 
REPLACE SIDE COVER SEAL IF LEAKAGE PERSISTS. 

5 

6 

11. REPLACE SIDE COVER 0-RING SEAL. 
12. TORQUE HOSE FITTING NUT TO 27 N•m 120 LBS. FT.). IF 

LEAKAGE PERSISTS, REPLACE 0-RING SEAL 
13. REPLACE ROTARY VALVE ASSEMBLY. 
14. SEAT BALL FLUSH WITH PLJNCH ANO RESTAKE. IF 

SEEPAGE PERSISTS, REPLACE HOUSING. 
15. REPLACE ADJUSTER PLUG SEALS. 
18. REPLACE BOTH PITMAN SHAFT SEALS. 
17, REPLACE ENO PLUG 0-RJNG SEAL 

Figure 1 1 - Gear and Pump Leak Diagnosis 
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- If the prasure readinp are lcsS ~ 689S 
kPa (1000 pa'), replace the ftow control 
valve and recheck. 
• If the pressures are still low, replace 

the rotor and van.es. 
7. If the pump checks to apecifi~ leave the 

valve open and tum the steering whccl (or have 
someone else tum it) to both stops. 
• Record the highest pressures and compare 

with the highest pump pressure recorded 
earlier. 
- If the pressure at both stops ia not the 

same as th~ mamnum pressure, the 
steering gear is JeaJcjng internally and 
must be diuuembted and repaired. 

8. Tum oft' the engine. 
9. Remove J 5176-D or J 2S323-A and the spare 

hose. 
10. Reconnect the pressure hose, check the tluid level 

or make repairs as needed. 

0 LINE TO STEERING GEAR 

II) LINE -ro POWER STEERING PUMP 

coo 
Figure 12 - Power Steering Pressure Gage. 

STRUT DAMPENER AND SHOCK 
ABSORBER DIAGNOSIS . 

The following procedure includes both on-vehicle 
and bench checks to be done when evaluating the 
performance of strut dam,peners and shock absorbers. 

ON-VEHICLE CHECKS 
W11k 

For strut dampeoetS, follow steps 1 through 4. 
1. Check and adjust tire, pressures to the pressures 

shown on the tire placard. 
2. Note the load conditions under which the vehicle 

is normally driven. 
3. If practical. ride with the owner to be sure you 

understand the complaint before proceeding to 
the next step. 

4. Test each strut dampener and ahoc;k absorber in 
tum by-quickly pushing down, then lifting.up, the 
comer of the bumper nearest the strut dampener 
or shock absorber being checked. 

• Ute the same amount or effort on each test 
and note the reiistmce on compression and 
rebound. 

• Co!Qpare this with a similar vehicle having 
acceptable ride quality. 
- Both strut daulpcncrs or shOC.k 

absorbers should provide the same 
feeling of resistance. If there is much 
difference between the right and left 
rear shock absorbers, go to the next 
step. 

S. Support the rear axle at least enough to unload 
the shock mounts. 

6. Disconnect the lower shock mountings. 
7. Stroke the shock absotbers at various rates of 
~ through maximum travel in both 
directions. 

8. Compare the right and left shock absorber for 
rebound and compression resistance. 

Noisy 

- Rebound resistance is usually stronger than 
compression tesistance, around 2 to 1. 

- The right and ldt shock absorbers must feel 
comparable. . 

- Differences between front strut ~peners 
and rear shock absorbers are normal. 

- If in doubt about the condition, compare 
with a shock absorber known to be good. 

For strut dampeners, follow steps 1 throup 3. 
1. Check all mountings for proper tightening. 

- A loose mounting will cause a noise. 
2. If all mountings· are in~ jounce the vehicle as 

in step 4 in •weak• above to isolate the suspected 
unit. 

3. If practical, ride with the owner to be sure you 
understand the complaint, before proceeding to 
the next step, 

4. Disconnect the lower mounting of the suspected 
shock absorber. 
- If one of the rear shock abS()rbers is 

suspected, the rear axle should be supported 
at least enough to unload the shock mounts. 

S. Quickly push the shock absorber all the way in; 
then all the way out. 
- A hissing noise is normal. 

6. Other objectionable noises· may be detected by 
stroking. . 

7. Replace the shock absorber if the detected noise 
is any sound other than hissing. 

Leaks 
l. Fully extend the strut dampeners or shock 

absorbers (wheels unsupported) to expose the seal 
cover area for inspection. 

2. Look for signs of leaks in the seal cover area. 
• A slight trace of fluid is not cause for 

replacement. The seal permits some seepage 
to lubricate the piston rod and there ·is a 
-built in ,fluid reserve to allow for seepage. 

• A leaking strut dam.1pener·or shock absorber 
can easily be found because- there wW be 
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fluid around the seal cover and an excessive 
amount of fluid on the strut dampener or 
shock absorber. 

3. A leaking strut dampener or shock absorber must 
be replaced. 

BENCH CHECKS 

Regular Strut Dampeners and Shock Absorbers 
Regular shock absorbers and strut dampeners use 

a gas-filled cell in the fluid reservoir. Aeration or 
foaming of the fluid is eliminated as the gas and the 
fluid cannot mix. If a lag is noticed when stroking it -
indicates that a gas filled cell has ruptured and must 
be replaced. 

NOTICE: Do not clamp on the reservoir tube or 
the mounting threads or parts will be damaged. 

l. Clamp the strut dampener or shock absorber 
upside down in a vise. 

2. Pump strut dampener or shock. absorber by hand 
at various rates of speed and note the resistance. 
- Rebound· resistance normally is stronger 

than compression resistance by about 2 to 
1. However, the resistance should be 
smooth and constant for each stroking rate. 
Compare with a strut. dampener or shock 
absorber known to be good. 

- It is normal to hear a hissing noise. 
3. The following symptoms are abnormal and are 

reason for replacement 
- A skip or lag at reversal near mid-stroke. 
- A seize, except at either extreme end of 

travel. 
- A noise such as a grunt or squeal after 

completing one full stroke in both 
directions. 

- A clicking noise at fast reversal 
- Fluid leakage. 

TIRE DIAGNOSIS 
Irregular and Premature Wear 
F',gures 13 and 14 

Irregular and premature tire wear has many 
causes. Some of them are: incorrect inflation preuures. 
lack of regular rotation, driving habits or improper 
wheel alignment. Jf wheel alignment is reset due to a 
tire wear condition, always reset toe as close to zero 
degrees as the specification allows. 

Rotate the tires if the following conditions are 
noted: 
- Front and rear tire wear is unequal. 
- Uneven wear exists across the tread of any tire. 
- Left and right front tire wear is unequal. 
- Left and right rear tire wear is unequal. 

Check wheel alignment if the following 
conditions are noted: 
- Left and right front tire wear is unequal. 
- W car is uneven across the tread of any front tire. 

0 WEAR INDICATORS 
p 

Figure 13 - Tread Wear Indicators 

- Front tire treads have a scuffed appearance v4th 
'"feather'' edges on one side of the tread ribs or 
blocks. 

Tread Wear Indicators 
Figure 13 

The original equipment tires have built-in tread 
wear indicators to show when the tires should be 
replaced. These indicators will appear as 12.7 mm 
(l/2-inch) wide bands when the tire tread depth 
becomes 1.6 mm (1/16-inch). When the indicators 
appear in 2 or more grooves at 3 locations, replace the 
tire. 

Radial Tire Waddle 
Figure 16 

Waddle is side-to-side movement at the front 
and/or rear of the vehicle. It.can be caused by the steel 
belt not being straight within the tire, or by excessive 
lateral nmout of the tire or wheel. It is most noticeable 
at low speed, about 8 to 48 km/h (5 to 30 mph). It may 
also appear as a ride roughness at 80 to 113 .km/h (50 
to 70 mph). 

The vehicle C1JD be road tested to see which end 
of the vehicle has the faulty tire. If the tire causing the 
waddle is on the rear, the rear end of the vehicle will 
'"waddle." From the driver's scat, it feels as if someone 
is pushing on the side of the vehicle. 

If the faulty tire is on the front, the waddle is 
more caaily seen. The front sheet metal appears to be 
moving back and forth. It feels as if the driver's seat is 
the pivot point in the vehicle. · 

A more time-ccmauming method of determining 
the faulty tire is substituting tire and wheel assemblies 
that are known to be good. Follow these steps: 

1. Drive the vehicle to determine if the waddle is 
coming from the front or rear. 

2. Install tire and wheel assemblies known to be 
good from a similar vehicle in place of those on 
the end of the vehicle which is waddling. 
• If the waddle cannot be isolated to front or 

rear, start with the rear tires. 
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0 
0 HARD CORNERING, UN~R 

INFLATION OR LACK OF 
ROTATION. 

[!] EXCESSIVE TOE ON THE NON-DRIVE 
AXLE OR LACK OF ROTATION. 

@] HEAVY ACCELERATION 
ON DRIVE AXLE. 
EXCESSIVE TOE ON 
DRIVE AXLE, OR 
LACK OF ROTA TlON. 

KC001~P 

Figure 14 - Tire Wear Diagnosis 

3. Road test again. 
- If improvement is noted, install the original 

tire and wheel assemblies one at a time until 
the faulty tire is found. 

- If no improvement is noted, install tires 
known to be fo:oc1 in place of all four. Then, 
install the onginaJs one at a time until the 
faulty tire is found. 

ltC001 

Figure 15 - Tira Waddle 

Radial Tire Lead/Pull 
Flgur, 11 

Lead/pull is the deviation of the vehicle from a 
straight path, on a level road with no pressure on the 
steering wheel. 

Lead is usually caused by: 
- Poor tire construction. 
- Uneven brake adjustment. 
- Improper wheel alignment. 

The way in which a tire is built can produce lead 
in a vehicle. An example of this is placement of the belt. . 
Off-center belts on radial tires can cause the tire to 
develop a side force while rolling straight down the 
road and the tire will tend to roll Uke a cone. 

The lead/pull com:dion chart should be used to 
make sure that front whccl alignment is not mistaken 
for tire lead (Figure 16). Refer to WHEEL 
ALIGNMENT (SEC. 3A). 

Rear tires will not cause lead. 

VIBRATION DIAGNOSIS 
Flgu,. 11 

(i!] Inspect 

• Improper tire inflation pressure. 
• Bent rims from chuckhole or curb impact. 
• Faulty tires, such as tread distortions, 

separations, or bulges. 
- Slight sidewall indentations are normal and 

will not affect ride. 
- Sidewall bulges arc not normal and indicate 

impact damage. 
• Mud or tar build-up on the tire or whccl. 
• Replacement whecVtire docs not conform to the 

original part, or is of lc:sser quality or substitute 
design. 

• Loose or missing balance wci.ghta or wheel nuts. 
• Irregular or excessive tire wear. Tire not match 

mounted. 
• Bent or faulty drive axle. 

RoadTNt 
Before performing any work or testing, always 

road test the vehicle. Warming up the tires is necessary 
to eliminate any flat spots. For vibrations that appear 
to be engine related, refer to ENGINE GENERAL 
INFORMATION AND MBCHANICAL DIAGNOSIS 
(SEC. 6). A road test is also necessary to determine the 
speed at which the vibration occurs. Low-speed 
vibration at speeds less than 40 km/h (64 mph) is usually 
related to runout. High-speed vtDrBtion at speeds greater 
than 40 km/h (64 mph) is usually the result of 
imbalance. but may be a product of both runout and 
imbalance. 

Wheel Balance 
Before removing the tire/wheel assembly from 

the vehicle. mark the stud bolt nearest the valve stem 
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REAR WHEEL DRIVE 
·RADIAL TIRE LEAD/PULL CORRECTION 

LEAD/PULL 
CONDfflON 

CORRECTED. 

SET WHEEL ALIGNMENT 
TO $P£CIFICATlONS. 

ADJUST TIRE 
PRESSURETO 

SPECIRCATIOH 

SWAP FRONT TIRES ANDWHEELS. 

I.EADS LEFT. LeAQSRIGHJ. 

'SET LEFT CASTtR AT MAXIMUM 
SPECIFICATION, SET RIGHT 

1• 

STILL LEADS tEFT. 

CONTINUE DECREASING 
RIGHT CASTER UNTIL 
.PULL IS ELIMINATED. 

SET RIGHT CASTER AT MAXIMUM 
SPEC)ACATION, SET LEFT 

A 1·• 

CONTINUE DECREASING 
, .l.s=T CASTEfl UNTIL 

PULL ISELIMINATEO. 

DO NOl'EXCEED 2• CROSS CASTER. 

SWAP LEFT FAONTTIRE AND 
WHEElASSEM8UES WITH LEFT 

REAR TIREAND WHEEL ASSEMBLIES. 

AOADTrEST. 

SWAP RIGHT FRONT TIRE AND 
. WHEEL ASSEMBLIES WITH RiGHT 
REAR TIRE AND WHEEl ASSEMIIJES. 

AOADTEST, LEAD/PULL CONDmON 

REPLACE RIGHT REAR TIRE. 

· CAASTILLLEADS 

F.igure 16 .. Radial Tua lead/Pull Correction ~ Rear Wheel Drive 
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for future refermcc. AJso mark the vebiclc position 
(left front, etc.) on each tire. · 

Balance is the easiest procedure to perform and 
should be done first if the vibration occun at highway 
speeds. An off-vehicle, two-plane dynamic balance 
should be performed first. This will correct any 
imbalance in the tire/wheel assc:mbly. An on-vehicle 
fimsh balance may also be required. This may offset 
brake drum, rotor, drive axle, or wheel cover 
imbalance. . 

ff balance does · not correct the highway speed 
vibration, or if the vioration occurs at low speeds, 
nmout may be the cause. Runout is the term used when 
components are checked for symmetry. Runout can be 
caused by the drive axle, tire, the wheel, the bearing 
assembly or the way the wheel attaches to the vehicle. 

Runout Check 
This procedure may be stopped at whatever point 

the acceptable level of runout is reached. -
1. Measure the free runout of the tire/wheel 

assembly on the vehicle using a dial indicator 
with a roller wheel. 
- Lateral runout (side to side) should be 

measured on the tire's sidewall as close to 
the tread shoulder_ as possible. 

- Radial runout (up- and down) should be 
measured on the center tread rib. 
- Some tread designs may require 

wrapping a piece of tape tightly 
around the center tread circumference 
for better dial indicator contact. 

2. Disregard any instantaneous indicator needle 
jumps due to sidewall depressions, tread blocks, 
etc. 

3. Record the total indicator reading, and the 
location of the high point of runout. 

4. If the radial or lateral runout exceeds 1.52 mm (0. 
060 inch), mount the tire/w~eel assembly on a 
dynamic balance machine and remeasure runouL 

• Make sure the wheel is centered on the 
machine by the wheel center pilot hole. 

5. Record the total indicator reading, and the 
location of the high point of runout 

~ TIRE OUT OF ROUND 

0 TIRE STIFFNESS VARIATION 

6. If the radial or lateral runout exceeds 1.27 mm (0. 
050 inch), break down the assembly and rotate 
the tire on the rim 180 degrees. 
- In many cases. rotating the tire on the wheel 

will bring the runout to an acceptable range. 
- Whenever a tire is rotated on the wheel in 

this way, the assembly must be rebalanced. 
7. Reinflate, mount on the dynamic balance 

machine and renieasure runout 
8. Record the total indicator reading and the 

location of the high point of runout 
9. If the radial or lateral runout still exceeds 1.27 

mm (0.050 inch) and the high point 11M moYed 
approximately 180 degrees, following the tire 
around the rim, the tire is faulty and should be 
replaced. 

10. Hthe second high point still exceeds 1.27 mm (0. 
050 inch) and is close to the original high point, 
relative to the rim, the wheel is faulty and should 
be replaced. 
• Before replacing the wheel, break down the 

assembly and measure the wheel separately. 
• Replace the wheel if radial runout exceeds 

1.02 mm (0.040 inch), or lateral runout 
exceeds 1.14 mm (0.045 inch). 

11. H the runout of the tire/wheel assembly is within 
limits when measured off the vehicle, yet exceeds 
the limits when measured on the vehicle, the 
attachment of the tire/wheel assembly to the hub 
is the probable .cause. 

12. Rotate the assembly two stud bolts and recheck 
the runout. 
- Several positions may have to be tried to 

find the best location. 
13. If the runout cannot be reduced to an acceptable 

level, remove the tire/wheel assembly and 
measure hub stud runout. 

14. If the runout exceeds 0.76 mm (0.030 inch), 
replace the hub or drive axle shaft. 

Tire Defect Check 
TIJ'C stiffness variation, or loaded radial runout 

can also cause a vibration. However, this is difficult to 
measure without a tire problem detector or a loaded 
radial runout buffer. 

[£1 RIM BENT OR OUT OF ROUND 

ltC001 " 
Figure 17 - Causes of Vibratlon/Runout 
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The tire problem detector is simply a roller drum 
that slowly rotates the-tire, while under~ (mounted 
on the vehicle) meauring spindle movement. 

practical. The free runout of the- tire will usually 
correspond with the tire's stiff spot. 

Substitution Method 
The loaded radial runout buffer is a more 

automated machine that slowly rotates the tire under 
load with a roller drum off the vehicle and measures 
the tire's stiffness. It will then "match" the tire to the 
wheel by buffing off small amounts of rubber from the · 
outer tread rows at the stiff spot. This procedure is 
usually effective, especially when used as · a measuring 
device and for fine buffing only. This equipment 
requires careful use. Do not remove too much rubber. 

Install a known good set of tire/wheel assemblies~ 
If these correct the ·vibrati~ the original assemblies 
should be reinstalled one at a time until the vi'bration 
returns. 

TAPERED ROLLER BEARING 
DIAGNOSIS 

When diagnosing a bearing condition: 

Because this equipment is not always available, 
the most basic procedure of measuring free runout with 
a dial indicator, as previously detailed, is usually more 

1. Consider th~ general condition of all parts. during 
disassembly and inspection. 

2. Identify the bearing problem (Figure 18). 
3. After identifying the bearing problem, refer to the 

diagnostic chart to identify the cause and 
appropriate repair procedures. 

Condition 
Bent Cage 

Galling 

Abrasive Step Wear 

Etching 

Misalignment 

Indentations 

Fatigue Spelling 

TAPERED ROLLER BEARING DIAGNOSIS 
Caun 
Damage due to improper 
handling or tool usage. 

Metal smears on roller 
ends due to overheating. 
Lubricant failure or 
overload. 

Pattern on roller ends 
caused by fine 
abrasives. 

Bearing surfaces appear 
gray or grayish black 
in color with related 
etching away of 
material usually at 
roller spacing. 

Outer race misalignment 
due to a foreign object. 

Surface depressions on 
race and rollenJ caused 
by hard particles of 
foreign material. 

Flaking of surface metal 
resulting from fatigue. 

Repair Procedure 
Replace bearing. 

Replace bearing. Check 
seals and check for proper 
lubrication. 

Clean all parts and 
119usings. Check seals 
and bearings. Replace 
if leaking, rough, or 
noisy. 

Replace ·bcarings. Check 
seals and check for proper 
lubrication. 

Clean related parts and 
replace bearing. Make sure 
races are properly seated. 

Clean all parts and 
housings. Check seals 
and replace bearings 
if rough or noisy. · 

Replace bearing. Clean 
all related parts •. 
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ln1nQ llJIDQ 
rliilti h\\\ll rl I \I fl-l -. ·, ~ 

@ Q ~ l!BUI lllD~~) llIDrn\11 
1/¾iJi.f. ,.ftl [ 1iJ , i t \ N ~.: • 
1111111 ffllrn\ll GD 

~f'. JI 
fOJOW'-1 

~ 
(1) GOOD BEARING 

[!] BENTCAGE 

@] .BENT CAGE 

@] GALLING 

{I] ABRASIVE STEPWEAR 

0 

0 ETCHING 

@] MISALIGNMENT 

ffi] INDENTATIONS 

cu· FATIGUE SPAWNG 

0 BRINEU.ING 

0 CAGEWEAR 

~ ABRASIVE ROLLER WEAR 

~ CRACKED INNER RACE 

~ SMEARS 

@] FAn'TAGE . 

Figure 18 - Tapered Roller Bearing Diagnosis 
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0 HEAT DISCOLORATION 

~ STAIN DISCOLORATION 
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Brinelling 

Cage wear 

Abrasive Roller Wear 

Cracked Inner Race 

Smears 

Frettage 

Heat Discoloration 

Surface indent.ations in 
raceway caused by rollers 
either under impact 
loading or vibration 

.. while bearing is not 
rotating. 

Wear around outside 
diameter of cage and 
roller pockets caused 
by abrasive material and 
inefficient lubrication. 

Pattern on races and 
rollers caused by fine 
abrasives. 

Race cracked due to 
improper fit, cocking, 
or poor bearing seats. 

Smearing of metal due 
to slippage. Slippage 
can be caused by poor 
fits, poor lubrication, 
overheating, overloads, 
or handling damage. 

Corrosion set up by 
small relative movement 
of parts with no 
lubrication. 

Discoloration can range 
from faint yellow to dark 
blue and can result from 
overload or incorrect 
lubricant, and over
heating. 
Excessive heat can cause 
softening of the races 
on rollers. 
To check for heat temper
ing on race., or rollers 
a file test can be 
done. A file drawn over 
a tempered part will 
grab and cut metal. 
A file drawn over a 
a hard part will glide 
easily without cu~g 
the metal. 

Replace bearing if rough 
or noisy. 

Replace bearings. Check · 
seals. 

Clean all parts and 
housings. Check seals 
and bearings. Replace 
if leaking, .rough, or 
noisy. 

Replace inner race. 

Replace bearings. Clean 
related parts and check for 
proper fit and lubrication. 
Replace shaft if damaged. 

Replace bearings. Clean 
related parts. Check 
seals and check for proper 
lubrication. 

Replace bearings if 
overheating damage is 
indicated. Check seals 
and check for proper 
lubrication. 
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Stain Discoloration Discoloration can range 
from light brown to 
black and can be caused 
by incorrect lubricant 
or moisture. 

Reuse bearings if 
stains can be removed 
by light polishing if 
there is DO evidence of 
overheating. Check 
seals and related parts 
for damage. Ch.eek for 
proper lubrication. 

TRIM HEIGHT DIAGNOSIS 
Incorrect trim heights can produce symptoms 

similar to those produced when there is a problem with 
the wheel alignment. Trim heiahts should be checked 
when diagnosing steering ancl vibration complaints 
(Figure 19). 

In order to measure trim height accurately, make 
sure: 

- Tires are at the correct pres.sure. 

- Fuel tank is full. 
- Vehicle has DO additional weight or passengers. 

- Front seat is in rear position. 

- Trunk is empty except for the $\>are tire and jac~ 
and simulated fuel load .if required. 

- Vehicle is on a known level floor. 

All dimensions shown on Figure 19 are measured 
vertical to the ~und. Trim heights should be within 
± 10mm (0.4 mch) to be considered correct. 

Musuring • J• and "Z" Dimensions 
1. Lift front bumper of vehicle up approximately 

38mm (1 1/2 inches). Gently remove hands and 
let vehicle settle. 
• Repeat operation twice for a total of 3 times. 
• After the third time, measure "J" and •z• 

dimensions. 
2. Push front bumper down approximately 38mm (1 

1/2 inches). Gently remove hands and let vehicle 
rise on its own. 
• Repeat operation twice for a total of 3 times. 
• Measure •rand •z• dimensions. 

3. Calculate trim heights. 
• Trim heights are the average of the high and 

low measurements. 
4. Verify trim heights with Figure 19. 
5. Correct trim heights as necessary. 

Measuring •K• and •o• Dimensions 
Repeat procedure as described for .. Measuring 

"J' and 'Z' Dimensions" using the rear bumper and 
measuring "K" and .. D,. at the appropriate times. 
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tlO.O 

CENTER OF LOWER 
CONTROL ARM 
FRONT BUSHING 
BOL HEAD 

LOWEST POINT OF BAU.. STUD 
ASM (EXCWDING GREASE FITTING! 

Tire Size/Suspension/Engine 

P215/85R15 &STD &L03 

P245/50VR18 &FE2 &728 IROC-Z 

P215/8&R15 &FE2 &728 &L89/L03 (35PSIJ IROC-Z 
P215/815R15 &STD_ &LBS 

P215/8&R15 &STD &LBS 
P215/86R15 &STD &L03 
P216/85R16 &F41 &LBS 
P215/85R15 &F41 a1.B9 RREBIRD 
P246/l50VR18 &~ &L89/L03/L98 FORMULA 
P216/85R16&F41 &L03FIREBIRD 
P215/86R16&F41 &LB9TRANSAM 
P216/86R16 &F41 &L03 TRANS AM 

P245/50VR18 &FE2 &L89/L03/L98 TRANS AM, GTA 

z 
an lnchas 

32.00 1.260 

28.00 1.024 

31.00 1.220 

32.00 1.260 

29.00 1.142 

28.00 1.102 

28.00 1.102 
29.00 1.142 
33.00 1.299 

29.00 1.142 
30.00 1.181 
30.00 1.181 
34.00 1.339 

D 
mm lndlea 

112.00 4.409 

112.00 4.409 

111.00 4.370 

112.00 4.409 
111.00 4.370 

111.00 4.370 
111 .00 4.370 
111.00 4.370 
115.00 4.528 
111.00 4.370 
112.00 4.409 

111.00 4.370 

115.00 4.528 

Figura 19 - Trim Height Diagnosis 

REARAXLE 
HOUSING 

BUMPERBRKT 
REAR BOLT 

TOPOF 
AXLEBRKT 

REAR AXLE 

J K 
an lnahN mm ...... 

212,00 8.346 211.00 8.307 
204.00 8.031 208.00 8.110 

212.00 8.346 211.00 8.307 

212.00 8.346 211.00 8.307 

209.00 8.228 ~10.00 8.288 
209.00 8.228 210.00 8.288 
209.00 8.228 ~10.00 8.288 
209.00 8.228 210.00 8.268 
209,00 8.228 210.00 8.288 
209.00 8.228 210.00 8.288 
209.00 8.228 210.00 8.288 
209.00 8.228 210.00 8.268 
209.00 8.228 210.00 8.288 

p 
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SPECIAL TOOLS 

III ~J5176·D 

0 POWER STEERING PRESSURE TESTER 0-2000 P .S.I. 

0 POWER STEERING SYSTEM ANALYZER 

J25323-A 

KC RP 



WIIEB. ALIGNMENT 3A-t 

SECTION 3A . 

WHEEL ALIGNMENT 
The following 'Notice' applies to one or more steps in the usembly procedure of components in this portion 

of the manual aa indicated at appropriate locations by the terminology: •NOTICE: See •Notice• on page JA-1 
of this section.. 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. H the correct 
part number fastener is not available. a fastener of equal si7.c and strength (or stronger) may be used. Fasteners 
that are not reused, and thosc requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditiom are not followed, par1I or system damage 
could result. 
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GENERAL INFORMATION 
CAMBER 
rlfUIW f and 2 

Camber is the inward or outward tilting of the 
wheels from the vertical. When the wheels tilt outward 
(at the top), the camber is positive ( + ). When the 
wheels tilt inward (at the top) the camber is negative 
(-). The amount of tilt is measured _in degrees ftom the 
vertical and is called the camber angle. Camber 
influences both directional control and tire wear. 

When wheels are set to a positive camber, they 
will tend to roll in a path away from the vehicles true 
path. The effect of each wheel tmda to cancel the other. 
The suspension geometry and camber setting are 
designed to keep t1ie tire tread flat on the road through 
bumps or dips. 

CASTER 
RgutN 1 and 3 

Caster is the tilting of the front steering axis (at 
the top) either forward or backward from the vertical. 
A backward tilt is positive ( +) and a forward tilt is 
negative(-). Caster influences directional control of the 
steering but does not affect tire wear. 

Caster is affected by vehicle height. It is 
important to keep the body at its designated trim 
height. Overloading the vehicle or having a weak or 
sagging rear spring will affect caster. When the rear of 
the vehicle is lower then itll desip•ted trim height, the 
front suspension moves to more positive caster. If the 
rear of the vehicle is higher than its ·designated trim 

Measuring Front Alignment Angles ............. 3A-2 
Camber and Caster Adjustment ................... .- 3A-3 
Toe Adjust:Jnent .............................................. 3A-4 
Relay Rod Height Adjustment ...................... 3A-5 
Measuring Rear Alignment Angles ............... 3A-5 
Rear Camber/I'oe Adjustment ...................... 3A-5 

Specifications ................................ _.................... JA-7 
Special Tools ...................................................... JA-8 

height, the front suspension moves to a less positive 
caster. 

TOE 
F/gllt'N 1 and 4 

Toe is a measurement of how much the front of 
the wheels are turned in or out from a straight-ahead 
~tion. When the wheels are turned in, toe is positive 
( + ). When the wheels are turned out, toe is negative 
(-). The actual amount of toe-in is normally only a 
fraction of a degree. The purpose of a toe specification 
is to ensure parallel rolling of the wheels. E.xcesmve 
toe-in or toe-out may increase tire wear. 

Toe also serves to offset the small deflections of 
the wheel support system which occur when the vehicle 
is rolling forward. In other words, even when the 
wheels are set to toe-in slightly when the vehicle is 
standing still, they tend to roll parallel on the road 
when the vebicle is moving. 

THRUST ANGLE 
Rgure6 

The front wheels aim or steer the vehicle, but the 
rear wheels control tracking. This tracking action is 
relative to thrust angle. Thrust angle is deffned aa the 
path that the rear wheels will take. Ideally, the thrust 
angle would be geometrically aligned with the body 
centerline. 

PRELIMINARY INSPECTIONS 
. Steering and VI'bration complaints are not always 

the result of improper alignment. Additional items to 
be checked are wheel balance and the possibility of tire 



3A-2 WHEEL ALIGNMENT 

t♦.'-1-------f A,.,_ ___ .....,...,. 

0 TOE-IN 

[!) TOE-0UT 

B 

[£] CAMBER 

~ CASTER 

lOFWHEa. 

Figure 1 - Alignment Angles 

lead due to worn or improperly manufactured tires. 
•Lead• is the deviation of the vehicle from straight 
path on a level road without band pressure on the 
steering wheel. For the procedure to determine if the 
vehicle bas a tire lead problem, refer to STEERING, 
SUSPENSION, TIRES AND WHEEL DIAGNOSIS 
(SBC. 3). 

Before making any adjustment affecting caster, 
camber or toe, the following checks and inspectiom 
should be made to insure correct alignment readinp 
and adjustments. 

IL!J1nspect 
• rm:s for proper inflfflnl\ pressures and uniform 

tread wear. 
• Front wheel bearinp for proper adjustment; 

correct if necessary. 
• Ball joints, relay rod and tie rod ends for 

looseness. 
- If a joint is excessively loose, it must be 

corrcctc:d before adjusting wheeJ alignment. 
• llelay rod height. 

- If relay rod height adjustment is necessary, 
refer to STEERING LINKAGE (SBC. 3B3). 

• Wheels and ti.res for nmout conditions. 
• Vehicle trim heights. 

- If trim heights a.re out of limits, corrections 
must be made before adjusting wheel 
alignment angles. For the~ procedure 
for checking trim heights, refer to 

STEERING, SUSPENSION, TIRES, 
AND WHEELS DIAGNOSIS (SEC. 3). 

• Steering gear for loosenes., at frame. 
• Shock absorbers for improper operation. 
• Control arms for looseness. 
• Stabilizer bar for loose or rnmng •ttachments. 
• V ebicle-for excess loads, such as tool boxes, or 

sample cases. If these types of items are normally 
carried in the vehicle, they should remain in the 
vehicle during wheel alignment. 

ON-VEHICLE SERVICE 
MEASURING FRONT ALIGNMENT ANGLES 

Satisfactory vehicle ~tion may occur OVCI" a 
wide raqe of front wheel alignment settings. However, 
should the settinp vary beyond the specifications, the 
alignment settings should be corrected. Refer to 
•specifications• in this section. 

(j) Meuura · 

• Make certain that the vehicle is on level ground 
both front-to-rear and side-to-side. 

• Install alignment equipment according to the 
manufacturer's instroctions. · • 

• Jounce the front and rear bumpers 3 times to 
normalize supension. 

• Measure the alignment angles and record the 
reading.,. 
- If adjustments are required, make them in 

the following order: camber, caster, and toe. 
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Figure 2 - Camber 

CAMBER AND CASTER ADJUSTMENT 
Figure, 6 and 1 

~Adjlllt 

Tool Required: 
1 29724 Camber Adjusting Tool 

• Jounce the vehicle '3 times at the front bumper to 
normalize vehicle· height. 

• Remove dust cap (1) and fender bolt (S). 
• Install J 29724 using the original fender bolt (5). 
• Tighten the turnbuckle on J 29724. 
• Loosen the 3 nuts ( 4) attaching the upper strut 

mount (2) to the wheelhouse reinforcement (3). 
• Adjust the camber by rotating the turnbuckle on 

J 29724 to allow the upper strut mount (2) to 
move inboard or outboard. 
- Moving· the upper strut mount (2) inboard 

will decrease camber. 
- Moving the upper strut mount (7) outboard 

will incrc:asc camber. 

• After obtaining the correct camber reading adjust 
cuter by lightly tapping the upper strut mount 
(2) forward or rearward with a rubber mallet. 

- Moving the upper strut mount (2) forward 
will decrease caster. . 

- Moving the upper strut mount (2) rearward 
will increase caster. 

NOTICE: See •Notice• on page 3A-1 of this 
section. 

• When correct camber and caster settings have 
been obtained tipten the 3 nuts (4) Pttacbing the 
upper strut mount (2) to the wheelhouse 
reinforcement (3). 

~ Tighten 

• Nuts (4) to 28 N ·m (21 lb. ft.). 

• Remove J 29724. 
• Install original fender bolt (S) and dust cap (1). 
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TOE ADJUSTMENT 
FlpreB 

K p 

Tic rod adjuster perts can become rusted in 
service. In such cases, it is recommended that if the 
torque required to remove the nut from the bolt after 
breakaway excer.ds 9 N ·m (80 lb. in.) discard the nuts 
and bolts. Apply penetrating oil between the clamp and 
tube and rotate the clamps until they move freely. 
Install-new bolts and nuts having the same part number 
to aaore proper clamping at the specified torque. 

Toe can be increased or decreased by chan~ 
the length of the tie rods. A threaded sleeve ia provided 
for this purpose. 

~ Adjust 
• Loosen the clamp nuts (12) at each end of the tie 

· rod adjuster tube (7). Bolts (11) must be installed · 
in the direction shown in Figure 8. 

( } -I 
I 

0 THRUST ANGLE 

[II THRUST UNE•OFF CENTER 

@) REAR TOE-OUT CONDITION 

~ GEOMETRIC CENTERLINE 

Figure 6 - Thrust Angle 

• Rotate the inner and outer tie rod sockets to the 
limit of the ball stud travel 

• With the steering wheel set in .a straight ahead 
position. tum the tie · rod adjusta' tube (7) to 
obtain the proper toe adjustment. 

NOTICE: See "'Notice"' on page 3A-l of this 
section. . . 

• Position clamps (6) within the angles shown in 
Figure 8. · 

Slot in tic rod adjuster tube (7) muat not be 
within the gap area of the clamping jaws. 

- Clamps (6) must be between and clear of 
dimples before tightening nuts (12). 

~ Tighten 

• Clamp nuts (12) to 19 N•m (14 lb. ft.). 
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Figure 8 • Upper Strut Mount Assembly 

- Clamp ends may touch when nuts ( 12) 
are tightened to specification but a gap 
must be visible adjacent to the tie rod 
adjuster tube (7). 

• When adjustment has been completed. check to 
see that the number of threads showing on each 
end of the adjuster tube (7) are equal and that the 
outer tie rods (9) are at right angles to the steering · 
arm. 

RELAY ROD HEIGHT ADJUSTMENT 
The relay rod position can be adjusted at the idler 

arm attachment. It is imP.>rtant for the height 
adjustment to be equal from side to side. If not adjusted 
properly, right and left -hand turns could c:xlnoit 
different characteristics in handling. This is referred to 
u • orbital steer•. For the proper procedure to adjust 
the relay rod height, refer to STEERING LINKAGE 
(SEC. 3B3). 

MEASURING REAR ALIGNMENT ANGLES 
Figures 

After front wheel alignment has been completed. 
the rear alignment angles should be checked if there is 
excessive rear tire wear or wheels do not track 
properly. Rear whc:cls should be parallel to, and the 
same distance from, the vehicle'-a cc:nterline. 

If tires do not track corrcctly after a front wheel 
alignment, no amount of adjustment will correct the 
problem. Poor tracking or excessive rear tire wear after 
a front wheel alignment usually indicates that the axle 
housing, frame, or suspension arms have been bent. 

0 CAMBER ADJUSTMENT 

[!] CASTER ADJUSTMENT 

[I] UPPER STRUT MOUNT 

WHEEL ALIGNMENT 3A-& 

Figure 7 - Adjusting Camber and Cater 

Rear alignment angles can be checked as follows: 
1. Back vehicle squarely onto an alignment 

machine. · 
2. Compensate for wheel nmout the same as for 

checking &ont wheel toe-in. 
3. Check camber reading which should be 0.00 

degrees ± 0.30 degrees negative to 5 degrees 
positive. 

4. Check amount of toe which should be 0.00 
degrees ± 0.05 degrees. 
- When using an alignment machine to 

measure too-out the measwement will read 
as toe-in on the scale. 

- When checking toe-out with a tram gage, 
the meuurement will read correctly as 
toe-out. However, when using a tram gage 
it will still be necessary to perform steps 1 
and 2 in order to check ciunber. 

REAR CAMBER/TOE ADJUSTMENT 
To correct a toe/camber problem in the rear 

alignment, frame straightening equipment may be used 
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Figure B - Positioning Tie Rod ;.\djuster Tube and 
Clamps 

to bring the uie housing into specificatiODL · This 
procedure will allow checks during the straightening 
operation to determine when the housing is within the 
prescn'bed limits. Aftermarket shims are available to 
make rear alignment corrections, however. GM docs 
not recommend the use of corrective devices. 
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Figure 9 - Rear Wheels 

SPECIFICATIONS 

Tie Rod Adjuster Clamp Nuts ........................................................................ 19 N·m (14 lb. ft.). 
Upper Strut Mount Assembly to Wheelhouse Reinforcement Nuts ............... 28 N·m (21 lb. ft.) 

FRONT WHEEL ALIGNMENT SPECIFICATIONS 

Angle Service Setting 

Camber .. ...... ..... .. .. ........... ......... ................................................ ......................... ... ....... 0.30" ± 0.50" 
Cute.r .. .. .. .••.. .•.. .. •. •. .•. . .. •.• .•••..••... ..•... .. •.• ..•. .... •. • . •.. • . . •..•.. •. .. .. •.... ..•.... .. . ........ .. .. .. ..... ...... 4. 7'1' ± 0.50" 
Toe .............................................................................................................................. 0.00' ± 0.10" 
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SECTION 381 

_POWER STEERING GEAR AND P.UMP 
The following •Notice• applies to one or mOR steps in the assembly 1,rocedure of components in this portion 

of the manual u indicated at appropriate locations by the terminology:- NOTICE: See ·Nonce• on page 3B1-1 
of this section.• 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the com:ct part number fastener for that application. If the com:ct 
part number fastener is not available, a fastener of equal si7.e and strength (or stronger) may be used. Fastenen 
that are not reused, and those requiring thread locking compound will be called out. The com:ct torque value must 
be used when installing fasteners that ~ _it. If the above conditions are not followed, parts or syst:an damage 
could result. 

NOTICE: Do not start the vehicle with any power~ hoses disconnected. When disconnected. cap or 
plug all openings of components. Failure to do so could result m contamination or loss of fluid and damage to 
the system. 
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GENERAL DESCRIPTION 
The steering gear ia mounted on the left frame 

side rail and ia secured tiy three mounting bolts. The 
gear is joined to the intermediate shaft by a flen"ble 
coupling that helps isolate ~ and road shock from 
the vehicle's interior. 

A constant displacement vane type pump 
provides hydraulic pressure and flow for the steering 
system. The pump is located on the engine and is belt 
driven by the engine crankshaft pulley. 

POWER STEERING GEAR 
The major internal components of the steering 

gear are the rotary valve aaaembly, steering wonn 
shaft, rack piston assembly, and the pitman shaft. The 
movement of these parts, while turning or parking, is 

Power Steering Gear ........................................ 3B1-9 
Steering Gear Adjustments .......................... 3B1-9 

Worm Bearing Preload Adjustment .......... 3B1-9 
Pitman Shaft Over-Center Sector 

Adjust:ment ...•...•..•......•...•....••..•.......••... 3Bl-9 
Pitman Shaft and Side Cover 

R,q,lacem.en.t .••••.•. .......•••••...••.•...••..••••.••••.. 3B 1-11 
HousinJ End Plug Replacement ................ 3Bl-13 
Rack Piston Assembly Replacement ......... 3B1-14 
Adjuster Plug Assembly Replacement ........ 3Bl-15 
Bearing. Worm and Valve 

ReplaCClllellt ............................................. 3B1-15 
Pitman Shaft Seals and Bearing 

R.ep)acelnent ............................................. 3Bl-16 
Check Valve Replacement .......................... 3Bl-17 

Power Steering Pump ..................................... 3Bl-18 
Drive Shaft Seal Replacement .................... 3B1-18 
Pump Reservoir Replacement .................... 3B1-18 
End Plate and Rotating Group 

Replacement ............................................. 3B1-18 
Specifications .................................................. 3Bl-20 
Special Tools ................................................... 3Bl-21 

aided by hydraulic presaure and flow supplied by the 
pump. Manual steering is always available at times 
when the engine is not running or in the event of p~ 
or belt failure. Steering effort is increased under s 
conditions. 

The steering stub shaft, rotary valve, worm shaft, 
and rack piston uaernbly an: all •m Jinc•. All oil 
passages are internal within the gear housing except for 
the pressure and return hoees betwce:n the gear and the 
pump. 

The power steering gear has a recirculating ball 
system which acts as a rolling thread between the 
worm shaft and the rack piston. The worm shaft is 
supported by a thrust bearing preload and two conical 
thrust races at the lower end, and a bearing assembly 
in the adjuster plug at the upper end. When the worm 
shaft ia turned right. the rack piston moves up in gear. 



3B1-2 POWER STEERING-GEAR AND PUMP 

Turning the worm shaft left moves the rack piston 
down in gear. The rack piston teeth mesh with the 
sector, which is part of the pitman shaft. Turning the 
worm shaft turns the pitman shaft, which turns the 
wheels through the steering linkage. -· 

The control valve in the steering gear directs the 
power steering fluid to either side of the rack piston. 
The rack piston converts the hydraulic pressure into a 
mechanical force. If the steering system becomes 
damaged and loses hydraulic pressure, the vehicle can 
be controlled manually. 

POWER STEERING PUMP 
The major components of the power steering 

pump are the oil reservoir, drive shaft, pump housing, 
cam ring, pressure plate, thrust plate, flow control 
valve, rotor and vane assembly, a magn~t, and internal 
baffles to allow separation of air bubbles from the 
steering fluid. The pump housing and component parts 
are encased in the oil reservoir. The reservoir filler cap 
has a fluid level indicator attached to show the oil level 
in the reservoir. 

There are two bore openings at the rear of the 
pump housing. The larger opening contains the cam 
ring. pressure plate, thrust plate, rotor and vane 
assembly, and end plate. The smaller opening contains 
the pressure line unio~ flow control valve, and spring. 
The flow control orifice is part of the pressure line 
union. The pressure relief valve inside the flow control 
valve limits the pump pressure. 

SEAL REPLACEMENT 
Lip Seals 

Lip seals, which seal rotating shafts, require 
special treatment. This type of~ is used on the drive 
shaft of the pump. When leakage occurs in this area, 
always replace the seal or seals, after inspecting and 
thoroughly cleaning the sealing surfaces. Replace the 
shaft if pitting is found. If corrosion in the lip seal 
contact zone is slight, clean the surface of the shaft with 
crocus cloth. Replace the shaft only if the leakage 
cannot be stopped by smoothing with crocus cloth first. 

0-RingSeals 
Whenever a part which forms a sealing surface 

for an 0-ring is removed; the 0-ring seal should also 
be removed and replaced with a new seal. Lubricate all 
new seals with power steering fluid to ease assembly. 

DIAGNOSIS 
When diagnosis of the power steering system is 

necessary, refer to STEERING. SUSPENSION, 
TIRES and WHEELS DIAGNOSIS (SEC. 3). 

ON-VEHICLE SERVICE 
CHECKING AND ADDING FLUID 

Power steering fluid level is indicated by marks 
on a fluid level indicator on the fluid reservoir cap. 

NOTICE: When adding fluid or making a 
complete fluid change, always use GM Part No. 
1050017, or equivalent, power steering fluid. 

Failure to use the proper fluid will cause hose and 
·seal damage and fluid .leaks. 

If the fluid is warmed up, a~ut 66° C (150" F) -
hot to the touch, the fluid level should be between the 
•HOT• and •cow• marks. 

If the fluid is cool, about 219 C (70" F), the fluid 
level should be between the •ADD* and *COLD• 
marks. 

BLEEDING POWER STEERING SYSTEM 
NOTICE: When adding fluid or making a 
complete fluid change, always use OM Part No. 
1050017, or equivalent, power steering fluid. 
Failure to use the proper fluid will cause hose and 
seal damage and fluid leaks. 

If the power steering hydraulic system has been 
serviced, an accurate fluid level reading cannot be 
obtained unless air is bled from the system. Follow 
these steps to bleed air: 

1. With the wheels turned all the way to the left, add 
power steering fluid to the •coLn• mark on the 
fluid level indicator. 

2. Start the engine, run at fast idle momentarily, -
shut engine off and recheck fluid level. 
- If necessary, add fluid to bring the level to 

the "COLD• mark. 
3. Start engine and bleed the system by turning the 

wheels from side to side without hitting stops. 
• Keep the fluid level just above the internal 

pump casting, or at the •COLD• mark. 
• Fluid with air in it has a light tan or red 

appearance. This air must be eliminated 
from the fluid before normal steering action 
can be obtained. 

4. Return the wheels to the center position. 
Continue running the engine for two or three 
minutes. 

5. Road test the vehicle to be sure the steering 
functions normally and is free from noise. 

6. Recheck the fluid level as described in steps 1 and 
2. Make sure the fluid level is at the •HOT• mark 
after the system has stabilized at its normal 
operating temperature. 

FLUSHING POWER STEERING SYSTEM 
1. Raise the front of the vehicle off the ground until 

the wheels are free to tum. 
2. Remove the fluid return line at the pump inlet 

connector and plug the connector port on the 
pump. 
- Position the line toward a large container to 

catch the draining fluid. 
3. While an assistant is tilling the reservoir with new 

power steering fluid, run the engine at idle. Tum 
the steering wheel close to each stop. po NOT 
contact wheel stops or hold the wheel near a stop 
pasition or fluid will stop and the pump will be 
m pressure relief mode. A sudden overflow from 
the reservoir may develop if the wheel is held at 
a stop. · 



4. . Stop the engine and install all the lines, hoses and 
components (if ranoved) on the vehicle. 

S. Fill the system with new power steering fluid and 
bleed the system. Refer to "Bleeding The Power 
Steering System" in this section. 

6. Operate the engine for IS minutes. 
7. Remove the pump return line at the pump inlet and. 

plug connection on the pump. Repeal the flushing 
procedure u descn"bed in Step 3. 

8. While refilling the reservoir, check the draining 
fluid for comamination. 
• If foreign material is still evident, replace all 

lines and disassemble and clean or replace 
the power steering system components. 

• If the drained fluid is uncontaminated, install 
all the removed lines, hoses and other 
components. Fill and bleed the system. 

• Do not re-use any drained power steering 
fluid. 

PUMP DRIVE BELT 
The power steering pump is driven by a 

serpentine belt. 
To remove or install the PWDE drive belt, refer to 

COOLING AND RADIATOR. (SEC. 6B). 
PUMP DRIVE PULLEY REPLACEMENT 
rlf1Ure 1 

E3 RlfflOVII or DiscoMect 

Tool Required: 
J 25034-B Pump Pulley Remover 

1. Pump drive belt from pulley. Refer to 
COOLING AND RADIATOR (SEC. 6B). 

2. Pulley (2) from pump (1) using 125034-B~ 

E3 lnstal or Connect 

Tool Required: 
1 25033-B Pump Pulley Installer 

1. Pulley (2) to pump (1) using 1 25033-B. 
• Face of pulley hub must be flush with cod 

of pump drive abaft. · 
2. Pump drive belt. Refer to COOLING AND 

RADIATOR. (SEC. 6B). 

IDLE SPEED POWER -STEERING PRESSURE 
SWITCH REPLACEMENT 
F°lfUrl 2 

The idle speed power steering pressure switch is 
used on vehicles equipped with air conditioning. 

NOTICE: See •Notice• on page 3B1-1 of this 
section. 

l3 Remove or D1-=onnect 
1. Electrical connection from power steering 

pn:ssure switch (4). 
• Place dnin pan under power steering gear (5). 
2. Power steering pressure switch (4) from power 

steering pressure hose (3). 

POWER STEERING GEAR AND PUMP 311-3 

0 REMOVING PUMP PULLEY 

0 INSTAWNG PUMP PULLEY 

[!] PUMP 

0 PULLEY 

J2&033-B 

Figure 1 • Removing and Installing Pump Pulley 

E3 Install or Connect 
• Use power steering fluid to lightly coat threads of 

power steering pressure switch (4) put the 
0-ring. 

1. Power steering presnre switch ( 4) to the power 
steering pressure hose (3). 

~ Tighten 

• Power steering pressure switch (4) to 13 
N·m (115 lb. in.). 

2. Blcctrical connection to power steering pressure 
switch (4). 

• Bleed power steering. R.ef'er to •Bleeding Power 
Steering System• in this section. 

FLOW CONTROL VALVE REPLACEMENT 
F",gure3 

NOTICE: See •Notice• on page 3B1-1 of this 
section. 

a Remove or DIICOllnect 

• Place drain pan under power steering pump (1). 
1. Pressure hose (3) from fitting (8). 
2. Fitting (8) and 0-ring seal (9). 
3. Flow control valve (10) and spring (11) using a 

magnet. 
4. Houaing 0-ring seal (12). 

(L!] Inspect 

• Flow control valve (10) for &ee movement 
within housing bore. If sticking occurs 
check for dirt or burn and clean u 
necessary. If the flow control valve plunger 
appears faulty, a new factory cah'brated flow 
control valve (10) will be required. · 



381-4 POWER STEERING GEAR AND PUMP 

. ~-
OJ PUMP -~ 

0 PULLEY 

[!] PRESSUREHOSE 

[!] PRESSURE SWITCH 

0 POWER STEERING GEAR 

[!] COOLING PIPE 

Figure 2 - Power Steering Pressure Switch and Hose 
{Typical) 

E3 Install or Connect 

NOTICE: See 'Notice• on page 3Bl-l of this 
section for steps 4 and S. 

1. New housing 0-ring seal (12). 

2. Spring (11) and flow control valve (10). 

3. New O-ring seal (9) to fitting (8). 

• Lubricate 0-ring seal (9) with power 
steering fluid. 

4. Fitting (8) and 0-ring seal (9). 

~ Tighten 
• Fitting (8) to 75 N·m (SS lb. ft.). 

S. Pressure hose (3) to .titting (8). 

l~I Tighten 
• Pressure hose (3) to 28 N·m (21 lb. ft.). 

• Fill power steering pump reservoir with flu.id. 
Refer to • Checking and Adding Fluid• in this 
section. 

• Bleed system. Refer to •Bleeding Power Steering 
System" in this section. 

POWER STEERING HOSE· REPLACEMENT 

Figura 2 and 4 

NOTICE: See •Notice• on page 3Bl-1 of this 
section. 

G PUMP 

0 PAESSURE HOSE 

0 FITilNG 

[!lsEAL 
~ VALVE 

G SPRING 

~ SEAL 

Figure 3 - Removing Flow Control Valve 

I +-+I Remove or Disconnect 

• Place drain pan under power steering pump and 
gear. 

1. Pressure hose (3). 
• Remove power steering pressure switch, if 

required. Refer to •Idle Speed Power 
Steering Pressure Switch Replacement"in 
this section. 

• Disconnect fitting of Eressure hose (3) from 
power steering gear (5). . 

• Disconnect fitting of pressure hose (3) from 
power steering pump (1). 

2. Retum hose (7). 
• Remove clam,p (13) and hose (7) from 

power steering pump (1). 
• Remove clam._p (13) and hose (7) from 

cooling pipe (6). 

E3 Install or Connect 
NOTICE: See "Notice• on page 3Bl-1 of this 
section for the following steps. 

NOTICE: Hoses must be installed to clear each 
other and all surrounding parts to prevent chafing. 
Use minimum clearance of 12.7 mm (0.50 inch). 
The return hose must not be twisted during 
installation. Do not bend or distort pipes to make 
installation easier. Failure to follow these 
procedures could result in component damage. 

1. Return hose (7). 
• Install return hose (7) and clamp (13) to 

cooling pipe (6). 

~ Tighten 

• Clamp (13) to 1.7 N·m (15 lb. in.). 



• Install return hose (7) and clamp (13) to 
power steering pump (1). 

~ Tighten 

• · Clamp (13) to 1.7 N·m (15 lb. in.). 
2. Preaure hose (3). 

• Install fitting of pressure hose (3) to power 
steering pump (1 ). 

~ lighten 

• Fitting of pressure hose (3) to 28 N ·m 
(21 lb. ft.). 

• Install fitting of pressure hose (3) to power 
steering gear (S). 

~ Tighten 

• Fitting of pressure hose (3) to 28 N • m 
(21 lb. ft.). 

• Install power steering pressure switch, if 
required.. Refer to •Idle Speed Power Steering 
Prcs.,ure Switch Replacement'" in this section. 

• Fill power steering pump reservoir with fluid. 
Refer to • Checking and Adding Fluid• in this 
section. 

• Bleed system. Refer to '"Bleeding Power Steering 
System• in this section .. 

POWER STEERING COOLING PIPE 
REPLACEMENT 
F",gum 4 and 5 

NOTICE: See '"Notice'" on page 3Bl-1 in this 
section. 

E3 Remove or Disconnect 

• Place drain pan under power steering pump (1) 
and gear (5). -

1. Bolts ( 17). 
2. Clips (16). 
3. Power steering cooling pipe (6). 

• Remove clamp {13) and end of power 
steering cooling · pipe (6) from return hose 
(7). 

• Remove fitting of power steering cooling 
pipe (6) from power steering gear (5). 

E3 Install or Connect 
NOTICE: See •Notice• on page 3Bl-l of this 
section. 

1. Power steering cooling pipe (6). 
• Install fitting of power steering cooling pipe 

(6) to power steering gear (S). 

~ Tighten 

• Fitting of power steering cooling pipe 
to 28 N·m (21 lb. ft.). 

• Connect end of power ~eering cooling pipe 
(6) and clamp (13) to return hose (7). 
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OJ PUMP 

0 POWER STEERING GEAR 

0 COOLING PIPE 

[TI RETURN HOSE 

E!] CLAMP 

IE] SEAL 

Figure 4 • Cooling Pipe and Return Hose (TypicaQ 

l~I Tighten 
• Clamp (13) to 1.7 N·m (15 lb. in.). 

2. Clips (16). 
3. Bolts (17). 
• Fill power steering pump reservoir with fluid. 

Refer to "Checking and Adding Fluid• in this 
section. 

• Bleed system. Refer to '"Bleeding Power Steering 
System" in this section. 

POWER STEERING PUMP AND GENERATOR 
BRACKET REPLACEMENT 
Figures 

This bracket is used to mount the generator and 
power steering pump on vehicles equipped with S.O L 
and 5.7 L engines. 

E3 Remove or Disconnect 
1. Generator. Refer to CHARGING SYSTEM 

(SEC. 6D3). 
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EJ PUMP 

III POWER STEERING GEAR 

[!] COOLING PIPE 

0 RETURN .HOSE 

l!!} CLAMP 

~ CUP 

l!!) BOLT 

Agure 5 - Power Steering Cooling Pipe 

2. Power steering pump. Refer to •Power Steering 
Pump• in this section. _ 

3. Bolts (18, 20 and 23). 
4. Nuts (21 and 22). 
S. Bracket (19). 

E3 Install or Connect 
NOTICE: See •Notice' on page 3Bl-1 in this 
section for steps 2 through S. 

1. Bracket (19) to c;ngine studs. 
2. Nut (22). 

l~I Tighten 
• Nut (22) to 33 N·m (24 lb. ft.). 

3. Bolts (18 and 23). 

~ Tighten 
• Bolts (18 and 23) to 33 N ·m (24 lb. ft.). 

4. Nut (21). 

~ T19hten 
• Nut (21) to 33 N·m (24 lb. ft.). 

S. Bolt (20). 

~ Tighten 
• Bolt (20) to 33 N ·m (24. lb. ft.). 

POWER STEERING PUMP REPLACEMENT 
rl(/Ufff 1 and B 

a Remove or Dilconnect 
1. Pump drive belt. Refer to COOLING AND 

RADIATOR (SEC. 6B). 
2. Pulley. Refer to 'Pump Drive Pulley 

Replacement• in this section. 

(!!] BOLT 

G!l BRACKET 

!20! BOLT 

~ NUT 

~ NUT 

1231 BOLT 

Agure 6 - Power Steering Pump and Generator Bracket, 
5.0 Land 5,7 L Engine■ 

3. Hoses. Refer to •Power Steering Hose 
Replacement" in this section. 

4. Nuts (25 and 27), if present 
S. Nuts (28), if present. 
6. Bolt (30), if present. 
7. Brace (26). 
8. Bolts (24). 
9. Pump (1). 

E3 Install or Connect 
NOTICE: See •Notice• on page 3B1-1 in this 
section for Step 6. 

1. Pump (1) to front bracket. 
2. Bolts (24), loosely. 
3. Brace (26) to pump and engine studs. 
4. Bolt (30), loosely, if present. 
S. Nuts (28), if present. 
6. Nuts (2S and 27), loosely, if present. 

~ Tighten _ 
• Nut (28), if present, to 25 N·m (18 lb. ft.). 
• Nut (27), if present. to SO N·m (37 lb. ft.). 
• Bolts (30), if present, to 2S N·m (18 lb. ft.). 
• Nut (25), if present, to 33 N • m (24 lb. ft.). 
• Bolts (24) to SO N·m (37 lb. ft.). 

7. Hoses. Refer -to •Power Steering Hose 
Replacement- in this section. 

8. Pulley. Refer to 'Pump Drive Pulley 
Replacement" in this section. 



9. Pump drive belt. R.dc::r to COOLING AND 
RADIATOR (SEC. 6B). 

• Ftll power steering pmnp rc.,ervoir with fluid. 
~ to "Checking and Adding Fluid" in this 
section. 

• Bleed system. Refer to "Bleeding Power Steering 
System• in this section. 

POWER STEERING GEAR REPLACEMENT 
Rgure9 

NOTICE: See "Notice" on Page 3Bl-l in this 
section. 

.E3 Remove or Disconnect 

1. Pressure hose and cooling pipe from power 
steering gear (5). 

• Raise hoses up to prevent fluid drainage and dirt 
entry. 

2. Intermediate shaft from power steering gear (5). 
Refer to STEERING COLUMN - STANDARD 
(SEC. 3Fl) or STEERING COLUMN - TILT 
(SEC. 3Fl). 

3 . . Pitman arm. Refer to STEERING LINKAGE 
(SEC. 3B3). 

4. Bolts (15), washen (29).and power steering gear 
(S). 

E3 lnmll or Connect 

• Position power steering gear (5) to frame. 

E] PUMP 

0 PULLEY 

~ BOLT 

e!] NUT 

e!] BRACE 

e!] NUT 

. POWER STEERING GEAR AND PUMP 3B1-7 

1. Washers (29) and bolts (15) loosely. 

(ll Adiust 
• Power steering gear (5) so that it aligns as 

straight as possible with the intermediate 
shaft. 

NOTICE: See "Notice" on page 3Bl-1 in this 
section. 

l~I righten 

• Bolts (15) to 90 N ·m (66 lb. ft.) . 

2. Pitman arm. Refer to STEERING LINKAGE 
(SEC. 3B3). 

3. Intermediate shaft. Refer to STEERING 
COLUMN - STANDARD (SEC. 3Fl) or 
STEERING COLUMN - TILT (SEC. 3F2). 

4. Return hose and cooling pipe. 

l~I Tighten 
• Hose and cooling pipe fittings to .28 N • m 

(21 lb. ft.). 

PITMAN SHAFT SEALS REPLACEMENT 

r,gure 10 

This procedure applies only to power steering 
gears manufactured prior to mid-1989. 

Figure 7 - Mounting Power Steering Pump, 5.0 Land 5.7 L Engines 



·311,1 POWER STEERING <IEAR AND PUMP 

IT] PUMP 

III PULLEY 

~ BOLT 

e!I BRACE 

•l!!J NUT 

'efil BOLT 

Figuta 8 - Mounting Power Steering Pump, 2.8 L Engine 

[!] POWER STEERING GEAR 

II!] BOLT 

e!) WASHER 

Figure.9 - Mounting Power Steering Gear 

El RlmGVI 0, Dilconnect 
Tool .Required: 

J 4245 Snap Ring Pliers 

• Pitman arm. Refer to STEERING LINICAGE. 
(SEC. 3B3). 

~ Clean 
• Exposed end of pitman !ihaft and housing. 

Iii Dila•mble 
1. Retaining ring (35) with J 424S. 
• Place a drain pan under power steering gear (5). 
2. ,Seals (31 and 33) and washers (32 and 34). 

• Start engine and tum wh~ fully to the left 
to force seals and washers out. Tum engine 
off'. 

IL!J1nspect 
• Pitman shaft seal surfaces for roughness or 

pitting. If pitted, replace .abaft. 
• Housing for bum. Remove bum before 

installing new seals. 

~ Allembla 
Tools Required: 

J 6219 Pitman Shaft Oil Seal Installer 
J 4245 Snap Ring Pliers 

• Lubricate new seals (31 and 33) with power 
steering fluid. 

1. Single lip seal (31) using J 6219~ 
2. Washer (32) and double lip seal (33) using J 6219. 
3. Washer (34) and retainina ring (35) using 1 4245. 

E3 Install or Connect 
• Pitman arm. Refer ,to STBBR.ING LINKAGE 

(SEC. 3B3). 



• Bleed system. Refer to 'Bleeding Power Steering 
System' in this section. 

0 INSTAWNG SEALS 

0 POWER STEERING GEAR 

~ SINGLE UP SEAL 

1321 WASHER 

1331 DOUBLE UP SEAL 

1341 WASHER 

~ RETAINING RING 

Figure 10 - Installing Pitman Shaft Seals - Old Style 

UNIT REPAIR 
POWER STEERING GEAR 

STEERING GEAR ADJUSTMENTS 

[I] Important 

• Before any adjustments are made on the steering 
gear, refer to 'Diagnosis of Power Steering 
System• for reviewing the pos.,ible steering 
system problems. The steering gear adjustment is 
made only as a correction and not as a periodic 
adjustment. 
For proper adjustment, remove the steering gear 

from the vehicle. Drain the ~wer steering fluid from 
the gear. Mount the gear m a vise and make the 
following adjustments. 

The steering gear requires two adjustments which 
are: the worm thrust bearing preload and the pitman 
shaft over-center prcload adjustment. 

The worm thrust-bearing preload is controlled by 
the amount of compression force exerted on the conical 
worm bearing thrust races by the adjuster plug. 

The pitman shaft over-center preload is 
controlled by the pitman shaft adjuster screw, which· · 
determines the clearance between the rack piston and 
the pitman shaft sector teeth. 

[I] Important 

• Adjust the worm thrust bearing preload first, 
then adjust the pitman shaft over-center prcload. 

Worm Bearing Preload Adjustment 
Figurn 11 through 16 

Tool Required: 

POWER STEERING GEAR AND PUMP· 381-9 

J 7624 Spanner Wrench 
1. Remove steering gear. Refer to 'Power Steering 

Gear Replacement• in this section. 
2. Rotate stub shaft (60) back and forth to drain 

power steering fluid. 
3. Remove adjuster plug nut (64). 
4. Turn adjuster plug (62) in (clockwise) using l 

7624 until adjuster plug {62) and thrust bearing 
(61) are firmly bottomed in housing (54). 

~ Tighten 

• Adjuster plug (62) to 27 N ·m (20 lb. ft.). 
5. Place an index mark on the housing (54) even 

with one of the ).loles in the adjuster plug (62). 
6. Measure back counterclockwise 13 mm (0.5 inch) 

and place a second mark on housing (54). 
7. Turn adjuster plug (62) counterclockwise until 

hole in adjuster plug (62) is aligned with the 
second mark on the housing (54). 

8. Install adjuster plug nut (64) and using a punch 
in a notch tighten securely. 
• Hold adjuster plug (62) to maintain 

alignment of the marks. 
9. Install steering gear. Refer to 'Power Steering 

Gear Replacement• in this section. 
10. Bleed system. Refer to 'Bleeding Power Steering 

System• in this section. 

Pitman Shaft Over-Center Sector Adjustment 
Flguru 11, 12 and 17 through 19 

1. Remove steering gear. Refer to 'Power Steering 
Gear Replacement• in this section. 

2. Rotate stub shaft (60) back and forth to drain 
power steering fluid. · 

3. Tum the pitman shaft adjuster screw (80) 
counterclockwise until fully extended, then tum 
back one full tum. 

4. Rotate the stub shaft (60) from stop to stop and 
count the number of turns. 

5. Starting at either stop, turn the stub shaft (60) 
back one-half the total number of turns. This is 
the • center• of the gear. 
• When the ~ is centered, the flat on the 

stub shaft (60) should face upward and be 
parallel with the side cover (51) and the 
master spline on the pitman shaft (53) 
should be in line with the adjuster screw 
(80). 

6. Rotate the stub shaft (60) 45 degrees each side of 
the center using a torque wrench with the handle 
in the vertical position. 
• Record the highest drag torque measured 

on or near the center. 
7. Adjust over-center drag torque by loosening the 

adjuster lock nut (SO) and tuminfS the pitman 
shaft adjuster screw (80) clockWISC until the 
correct drag torque is obtained. 
- On new steering gears (under 400 miles), 

add 0.~1.2 N ·m (S-11 lb. in.) torque to the 
previously measured worm bearing preload 
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.l'COOIO,MI ..... 

Figure 11 - Power Steering Gear 



torque, but do not exceed a total steering 
gear prcload of 2 N ·m (18 lb. in.). . 

- On used steering gears (400 miles or more) 
add 0.5-0.6 N•m (4-S 1~. in.) torque to the 
previously measured worm bearing prcload 
torque, but do not exceed a total steering 
gear preload of 1.5 N • m (13 lb. in.). 

~ Taghtan 
• Adjuster lock nut (50) to 27 N ·m (20 lb. ft.). 

• Prevent adjuster screw (80) from turning 
while tightening adjuster lock nut (50). 

8. Install steering gear. Refer to •Power Steering 
Oear Replacment"' in this section. 

9. Bleed system, Refer to "'Bleeding Power Steering 
System" in this section. 

r:7 OLD STYLE SEALS 
~ (MID 1989 AND 

EARLIER! 

~ SINGLE UP SEAL 

I 321 WASHER 

1331 DOUBLE UP SEAL 

1341 WASHER 

I 351 RETAINING RING 

j 3e I SPRING WASHER 

I 371 NUT 

138 I BEARING 

1391 PLUG 

1401 SEAL 

~ RING 

!•21 SEAL 

~ PLUG 

~ SCREW 

~ CLAMP 

1481 BALL GUIDE 

1471 BAUS 

1481 RACK PISTON 

I 481 BOLT 

~ NUT 

[!!] SIDE COVER 

~ GASKET 

~ PITMAN SHAFT 

1641 HOUSING 
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PITMAN SHAFT AND SIDE COVER 
REPLACEMENT 

r,gure 5, ft and 12 

E3 Remove or Diaconnact 

• Steering gear. Refer·.to "Power Steering Gear 
Replacement" in this section. 

Ill Diaassembla 

• Rotate stub shaft (60) back and forth to drain 
power steering fluid. 

1. Adjuster nut (50). 

2. Bolts (49). 

• Rotate stub shaft ((j()) to center gear. 

3. Side cover (Sl), gasket (52), and pitman shaft 
assembly. 

4. Pitman shaft (53) by unscrewing it from the side 
cover (51). 

~ RACE 

j se I BEARING 

~ WORM SHAFT 

~ SEAL 

~ RACE 

I 80 f STUB SHAFT 

~ BEARING 

~ ADJUSTER PLUG 

1831 SEAL 

~ NUT 

j as I RETAINING RING 

I eel SEAL 

~ NEEDLE BEARING 

1881 SEAL 

I es! RACE 

I 10I RACE 

G SPACER 

~ BEARING RETAINER 

~ SPACER 

I 141 SEAL 

~ RING 

j 1al vALvnoov 

111! SEAL 

I 1a I VALVESPOOL 

[!!] RETAINING RING 

~ DUSTSEAL 

KC0091-••1.a.RP 

Figure 12 - Power Steering Gear - Legend 
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I 80 I STUB SHAFT 

1641 NUT 

Figure 13 • Loosening Adjuster Plug Nut 

l:t:I A111111bl1 
1. Pitman shaft (53) to side cover (51) by screwing 

pitman shaft (53) in until it fully seats to the side 
cover (51). 

2. Adjuster nut (50). 

3. Gasket (52) to side cover (51) and bend tabs 
around edges of side cover (51). 

4. Pitman shaft assembly and side cover (51) to 
housing (54). 

0 INDEXMARK 

I e2 j ADJUSTER PLUG 

Figura 14 - Marking Housing Even with Adjuster Plug 

K RP 
Figure 16 • Remarking the Housing 

NOTICE: See "Notice• on page 3Bl-1 in this 
section. 

S. Bolts (49). 

~ Taghten 

• Bolts (49) to 60 N ·m (44 lb. ft.). 

~ Adjust 
• Pitman shaft. Refer to •Pitman Shaft 

Over-Center Sector Adjustment• in this section. 

E3 11111111 or Connect 
• Steering gear. Refer to "Power Steering Gear 

Replacement" in this section. 



0 RAST IND~ MARK 

~ SECOND INDEX MARK 

Figure 16 • Aligning the Adjuster Plug to the Second 
- Mark 

~ SIDE COVER 

I eo I STIJB SHAFT 

Figure 17 - AOgnlng the Stub Shaft 

0 MASTERSPUNEON 
THE PITMAN SHAFT 

! ao l ADJUSTER scREW 

Figure 18 - Aligning Pitman Shaft Master Spline 

PIIWEB.ITEERIIG GEAR AID PUIIP 311•13 

Figure 19 - Checking Over-Center Rotational Torque 

HOUSING END PLUG REPLACEMENT 

F",gur,20 

E3 Remove or DilCOMtct 
• Steering gear. Refer to "Power Steering Gear 

Replacement" in this section. 

~ Dilauemble 

• Rotate stub shaft back and forth to drain power 
steering fluid. 

1. ~ ring (79) by using a punch inserted into. 
the hoUS1ng access hole to unseat iL 

2. Plug (39). 
3. ()..ring seal (40). 

EEi Al88mble 
1. 0-ring seal (40). 

2. Plug (39). 
3. Retaining ring (79). 

• Install retaining ring (79) so that open end 
is approximately 25 mm (1 inch) from 
access hole in housing (54). 

E3 Install or Connect 

• Steering gear. Refer to "Power Steering Gear 
Replacement" in this section. 
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0 ACCESS HOLE 

I 391 PLUG 

~ SEAL 

~ HOUSING 

! 1s! RETAJNINGRING 

Figure 20 • Housing End Plug 

RACK PISTON ASSEMBLY REPLACEMENT 
F',gurM 11, 12 and 21 

E3 Remove or Disconnect 
• Steering gear. Refer to "Power Steering Gear 

Replacem.cnt" in this section. 

~ -Dill•mble 
Tool Required: 

J 21552 Rack Piston Arbor 
1. Pitman shaft and side cover. Refer to •Pitman 

Shaft and Side Cover Replacement" in this 
section. 

2. Housing end plug. Refer to •Housing End Plug 
Replacement• in this section. 

• Turn stub shaft counterclockwise until the rack 
piston ( 48) begins to ~me out of the housing (54). 

3. Rack piston plug ( 43). 
• lnsert121SS2 into ~oft11Ckpiston(48). Hold 

tool tightly against worm shaft while turning the 
stub shaft countercloekwise. 
- The rack piston ( 48) will be forced onto the 

tool and hold the rack piston balls ( 4 7) in 
place. 

4. Rack piston (48), rack piston balls (47) and 
J 21552 together from housing (54). 

5. Worm shaft. Refer to "Bearing. Worm and Valve 
Replacement" in this section. 

6. 1 21552 from rack piston (48). 
. 7. Ball guide screwB (44) and ball guide (46). 
8. Rack piston balls (47). 
9. Teflon ring (41). 

10. O-ring seal (42). 

~ Clean 

• All diassembled parts. 

IL!J1nspect 
• All disassembled·· parts for wear. Replace if 

necessary. 

~ Aaemble 
Tools required: 

J 8947 Ring Compressor 
J 21552 Rack Piston Arbor 

1. 0-ring seal (42) and tctlon ring (41) and lubricate 
with power steering fluid. 

2. Worm shaft (57). 
• Fully seat worm shaft (57) to rack piston 

(48) and align worm shaft groove with rack 
piston ( 48) and align worm shaft groove 
with rack piston ball return guide hole. · 

NOTiCE: The black rack piston balls are sma11er 
than the silver balls. The black and silver balls 
must be installed alternately into the rack piston 
and ball guide to maintain rack piston to worm 
shaft preload. 

• Lubricate rack piston balls (47) with power 
steering fluid. 

3. Rack piston balls (47) to rack piston (48) by 
inserting through ball return gmde hole while 
turning worm shaft. (57) counterclockwise. 

4. Remaining rack piston balls (47) to ball guide 
(46) using grease at each end to retain balls (47). 

5. Ball guide (46) to nick piston (48). 

NOTICE: See "Notice• on page 3Bl-1 in this 
section 

6. Ball guide clamp (45) and screws (44). 

l~I Tighten 
• Screws (44) to S N·m (44 lb. in.). 

• Insert J 21552 into bore of rack piston (48) while 
turning worm shaft (57) counterclockwise. The 
rack piston ( 48) will be forced onto the tool and 
will hold the rack piston balls (47) in place. 

7. Worm shaft to housing. Refer to •Bearing, Worm 
and Valve RepJacem.ent" in this section. 

8. Rack piston (48)- to worm shaft from 1 21552, 
using J 89~7 to compress seek 
• Hold 21552 tightly against worm shaft and 

tum stub shaft clockwise until rack piston 
( 48) is seated on worm shaft. 

9. Rack piston plug (43). 
10. Housing end plug. Refer to •Housing End Plug 

Replacement• in this section. 



11. Pitman shaft and side cover. Refer to •Pitman 
Shaft and Side Cover Replacement• in this 
section. · 

~Adjult 

• Steering· gear. Refer to •steering Gear 
Adjustments• in this section. 

E3 lnstaD or Con~ 
• Steering gear. Refer to •Power Steering Gear 

Rep]acement• in this section. 

~ PLUG 

1481 RACK PISTON 

~ HOUSING 

Figure 2 1 - Rack Piston 

ADJUSTER PLUG ASSEMBLY REPLACEMENT 
FigutN 11, 12 and 22 

Tools Required: 
.. I 1624 Spanner Wrench 
I 6221 Adjuster Plug Bearing Remover and 
Installer a Remava or Dilconnect 

• Steering gear. Refer to •Power Steering Gear 
Replacc:ment• ~ this section. 

~ Di.1U18111blt 
l. Adjuster plug nut (64) from housing (54) USing a 

punch against the edge of the slots. 
2. Adjuster plug (62) from housing (54) using ·1 

7624. 
3. Thrust washer bearing retainer (72) from adjuster 

plug (62) by using a screwdriver to pry at raised 
area of bearing retainer (72). 

4. Bearing spacer (71), races (69 and 70) and thrust 
bearing (61). · 

s. 0-ring seal (68). 
6. Retaining ring (65). 

• Place adjuster plug (62) outside face down 
on suitable support. 

POWER fflERIIG &EAR AID PUMP 311-1& 

7. Needle bearing (67). dust seal (63) and lip seal 
(66) using J 6221 to drive them from adjust.er plug 
(62). 

(E.Auimble . 
• Place_ adjuster plug (62) outside face up on 

suitable support. · 

NOTICE: Needle bearing must be installed with 
identification on bearing facing tool to prevent 
damage to bearing. 

1. Needle bearing (67) to adjuster plug (62) using I 
6221. 

2. Lip seal (66) to adjuster plug (62) using J 6221. 
3. Dost seal (63) to adjuster plug (62) using J 6221. 
4. 0-ring seal (68) to adjuster plug (62). 
5. Large bearing race (69), thrust bearing (61), small 

bearing race (70) and bearing spacer (71) to 
adjuster plug (62). -

6. Thrust washer bearing retainer (72) to adjuster 
plug (62). 

• Lubricate <>-~ seal (68) and rubber lip or 
seals (63 and 66). 

NOTICE: When installing adjuster plug care 
should be taken not to cut the seals. 

7. Adjuster plug (62) to housing (54) using I 1624. 

~ Adjust 

• Thrust beariD& preload. Refer to .. Worm 
Bearing Preload Adjustment'• in this 
section. 

8. Adjuster plug nut (64) to housing (54) and 
tighten by using a punch against the edge or the 
slots. 

E3 Install or Connect 
• Steering gear. Refer to •Power Steering Gear 

Replacement• in this section. 

BEARING. WORM AND VALVE REPLACEMENT 
F,gu,. 11, 12, 23 and 24 

l3 Remove or Dilconnect 
• Steering pr. Refer to 'Power Steering Gear 

Replacement• in this section. 

~ Diaauemble 

1. Pitman shaft and side cover. Refer to •Pitman 
Shaft and Side Cover Replacement• in this 
section. . 

2. Housing end/lug. Refer to 'Housing End Plug 
Replacanc:nt in this section. 

3. Rack piston. Refer to •Rack Piston Assembly 
Replacement• in this section. 

4. Adjuster plug. Refer to • Adjuster Plug Auembly 
Replacement• in this section. 

5. Stub shaft (60), valve assembly, and worm _shaft 
(57) as a unit. 
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0 ReMOVING ADJUSTER PLUG 

[!] REMOVING BEARING RETAINER 

0 SCREWDRIVER 

0 REMOVING BEARING AND SEALS 

0 INSTAWNG BEARING AND SEALS 

154,1 HOUSING 

~ ADJUSTER PLUG 

~ NUT 

! e1 j NEEDLE BEARING 

~ BEARING RETAINER 

0 J6221 

~ 
r 

11.UP - . 

Figure 22 - Adjuster Plug Assembly 

6. Thrust bearing (56) and races (55 and 59). 
7. Stub shaft (60). 

• Tap stub shaft (60) lightly on a wood block 
to loosen shaft cap. .. 

• Pull cap and valve spool (78) out from valve 
body (76) 6 mm (1/4 inch) and disengage 
stub shaft pin from hole in valve spool (78). 

8. Valve spool (78) by pulling and rotating from 
valve body (76). 

9. Valve spool 0-ring seal (77). 
10. Valve body teflon rings (75) and 0-ring seaJs (74). 

IIJ Assemble 

1. Valve spool 0-ring seal (77) to valve spool (78). 
• Lubricate valve spool (78) and 0-ring seal 

(77) with power steering fluid. 
2. Valve spool (78) to valve body (76) by pushing 

and rotating until hole in valve spool {78) for stub 
shaft pin is accessible from opposite end of valve 
body (76). ' 

3. Stub shaft (60) to valve spool and insert pin. 
• Notch in stu~ $aft cap must fully engage 

valve body pm and seat against valve body 
s_houlder. 

4. 0-ring seals (74) and teflon rings (7S) to valve 
body (76). 
• Lubricate 0-ring seals (74) and tetlon rings 

.. (75) with power steering fluid. 
S. Thrust bearing (56) and races (.56 and 59) to 

worm shaft (57). 
6. Stub shaft (60) and valve assembly to wonn shaft 

(57) fitting pin on worm shaft (57) to slot in the 
valve assembly. 

7. Stub shaft (60), valve assembly and worm shaft 
(57) to housing (54). 

8. Adjuster plug. Refer to "Adjuster Plug Assembly 
Replacement" in this section. · 

9. Rack piston. Refer to "Rack Piston Assembly 
Replacement" in this section. 

10. Housing end plug. Refer to •Housing End Plug 
Replacement• in this section. 

11. Pitman shaft and side cover. Refer to •Pitman 
Shaft and Side Cover RepJacement" in this 
section. 

llJ Adjust 

• Thrust bearing preload and pitman shaft 
over-center sector. Refer . to 'Steering Gear 
Adjustments• in this section. 

E3 Install or Connect 

• Steering gear. Refer to •Power Steering Gear 
Replacement• in this section. 

PITMAN SHAFT SEALS AND BEARING 
REPLACEMENT 
RgutN 11 and 12 

This procedure covers the seal and bearing 
replacement for ~th old seyle (mid-1989 and earlier) 
and new s_tyle (mid-1989 and later) steering gears. The 
new style steering gear uses only one lip seal. A dust 
seal is on the outside of the retaining ring. 

Tools Required: 
J 6278 Pitman Shaft Bearing Remover and 
Installer 
J 6219 Pitman Shaft Oil Seal Installer 
J 4245 Snap Ring Pliers 

E3 Remove or Disconnect . 

• Steering gear. Refer to "Power Steering Gear 
Replacement" in this section. 

~ Clean _ 

• End of pitman shaft {53) and housing (54). 



0 VALVE ASSEMBLY' 

I 541 HOUSING 

~ RACE 

~ IIEAJING 

~ WORMSHAFT 

~ RACE 

1 eo I srua SHAFT 

Rgure 23 •Bearing.Worm and Valft Auembly 

~ Dilllllmble 
1. Pitman shaft and side cover. Refer to •Pitman 

Shaft and Side Cover Replecemmi• in this 
section. 

2. Dust seal (103) (new style). 
3. Rrtaioing ring (35) ming I 424S. 

NOTICE: Use care not to score the houaing bore 
when prying out seals and washers. 

4. Washer (32 and 34) and seals (31 and 33) (old 
style) or wuber (32) 111d seal (31) (new strle) 
using a 1e1ewdriver to pry lbem from die boulini-
~ lnapect 
• Housing for bum and remove if necessary. 

5. Needle beariDa (38). 
• lmert I 6278 through the hole in the to!) of 

the homing (54) and drive out bearing (38). 

Ii) A111mbla 
1. Needle bearing (38) to housing (S4) uaina I 6278. 
2. Single lip seal (31) using J 6219. 
3. · Washer (32). 
4. Doable lip aeal (old style) using I 62A. 
5. Washer (34) (old style). 
6. Retaining riq (35) 111ing J 4245. 
7. Dult seal (new style). 
8. Pitman shaft and aide cover. Rder to •Pitman 

Shaft and Side Cover Rq,lacemeot• in this 
section. 

8 Install or Cannect 
• Steering par. Rder to •steering Gear 

. RepJacen,ent• in thia section. 
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0 L00SENING SHAFT CAP 

[!] REMOV! AND INSTALL STUB SHAFT 

0 SHAFTPIN 

(!] HOU IN SPOOL 

0 REMOVE AND INSTALLSPOOL. 

0 ENGAGESTUBSHAFT 

~ NOTCH IN CAP 

~ VALVE l!IODV PIN 

Rgure 24 - DfsnNmbling Valve 

CHECK VALVE REPLACEMENT 

Flp,e26 

E3 RIIIICM or Dllc:clr.w:t 
1. -. Power steering pramre hole at atecriug gear. 

NOTICE: Use care not to d•rn•ge threads of 
housing whm l'C'IDOWll check valve. 

2. Cb.eek valve (81) by prying from housing with a 
small screwdriver. 

E3 lnltlll or Connect-

1. Check valve (81) using a 3/8-inch ctiameter piece 
of tubing 4 inches long to drive into bousing. 

2. Power steering hose at steeriq par . 
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~ CHECKVALVE 

ICC011 

Figure 215 - Check Valve 

POWER STEERING PUMP 
DRIVE SHAFT SEAL REPLACEMENT 

Fir,ute2B 

EJ Remove or Dilconnact 
• Power steering pump. Refer to •Power Steering 

Pump ReplaaBent• in this section. 

(½I Dilulemble 

• Protect drive shaft (82) with shim stock. 

• Seal (83) by cutting with a chisel 

Ill Alllmbll 

Tool Required: 
J 22670 Shaft Oil Seal Installer 

• Lubricate seal (83) with power steering fluid. 

• Seal (83) using J 22670. 

E3 Install or Connect 
• Power steering pump. Refer to •Power Steering 

Pump Replacement in this section. 

PUMP RESERVOIR REPLACEMENT 

Flgur,ZB 

EJ R1mov1 or Dilconnect · 

• Power steering pump. Refer to •Power Steering 
Pump Replacement in this section. 

(½I Dllaaamble 

• Drain power steering fluid from pump. 
1. Studs (102). 

2. Fitting (8) and 0-ring ~ (9). 
3. Housing (8S) from reservoir (100). 

4. 0-ring seals (12, 84 and 99). 

s. Magnet (86). 

~ Cl11n 

• Magnet (86). 

IL!J 1n1pact 

• Welch plug in housing (8S). Do not ~e. If 
etug is deformed or dislodged, replace housing 
(SS). 

[I] Important 

• Use new seals when 888ell1bling pump. 

111 Aaemble 
NOTICE: See •Nonce• on page 3B1-1 in this 
section for steps 4 and S. 

• Lubricate 0-ring seals (9, 12, 84 and 99) with 
power steering fluid. 

1. 0-ring seals (12, 84 and 99) to housing (SS). 
2. ?dagnct (86) to housing (8S). 
3. Housing (8S) to reservoir (100). 
4. Fitting (8) and 0-ring seals (9). 
S. Studs (102). 

~ Tighten 
• Studs (102) to 3S N·m (26 lb. ft.). 
• Fitting (8) to 75 N ·m (5S lb. ft.). 

E3 lnltlll or CoMICt" 

• Power steering pump. Refer to •Power Steering 
Pump R.ep)acemeo• in this Beetion. 

END PLATE AND ROTATING GROUP 
REPLACEMENT 
Flgur,26 

E3 RIIIIOVI or Dilconnect 

• Power steering pump. Refer to •Power Steering 
Pump Replacement• in this section. 

(½I Dilluembll 
1. Pomp reservoir. Refer to •Pump Reservoir 

Replacement• in this section. 
2. Retaining ring (98). 
3. End plate (97) and spring (96). 

NOTICE: Exaurinc exposed portion of pump 
drive shaft. If it is corroded. clean with crocus 
cloth before removing. This will prevent damage 
to the shaft bushing which might require 
replacement of the entire housing. 

4. Pressure plate (9S) by~ a rubber mallet to tap 
lightly on the drive abaft (82). 

5. Pump ring (94). 
6. Pump vanes (93). 
7. Shaft retaining ring (92). 
8. Pump rotor (91). 
9. Thrust plate (90). 

10. Dowel pins (89). 
11. O-rins seals (87 and 88). 
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~ CAP 
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Figure 26 - Power Steering Pump 

rn Important 
• Uac new seals and drive shaft retaining ring when 

assembling pump. 

Ill Aaembll 

• Lubricate 0-riq seals (87 and 88) with power 
steering fluid. 

1. 0-Jing aeaJa (87 and 88) to housing (85). 

2. Dowel pina (89) to housing (85). 

3. Thrust plate (90) and pump rotor (91) to drive 
shaft (82) and secure with maiuing rings (92). 

4. Shaft. rotor and thrust plate 118C"!Dbly to housing 
(85). 

S. Pump vanca (93) to pump rotor (91). 
6. Pum~ rins (94) to housing CBS) with 

idartifk:ation arrows on top edge ~ ring (94) 
facing outward. 

7, Pressure plate (95). 
8. Spring (96) and end plate (97). 
9. Rdainina ring (98). 

10. Pump reservoir. Refer to •Pump Reservoir 
Rq,Jacernent• in this section. a llll'tllfl or Connect 

• Power steering IJIDIU). Refer to •Power Steering 
Pump RepJaceuimt7 m this section. 
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SPECIFICATIONS 

POWER STEERING FLUID RECOMMENDATION 
Power Steering Fluid Requirement ................................................... GM Power Steering Fluid 

Part No. 1050017 or F.quivalent 
FITTING TORQUE SPECIFICATIONS 

Idle Speed Pressure Switch ......................................................................... 13 N ·m (115 lb. in.) 
Pump Fitting .................................................................................................. 75 N ·m (55 lb. ft.) 
Pressure Hose to Pump Fitting ..................................................................... 28 N •m (21 lb. ft.) 
Return Pipe Fitting to Steering Gear ........................................................... 28 N • m (21 lb. ft.) 
Return Hose Fitting to Steering Gear .......................................................... 28 N ·m (21 lb. ft.) 
RetlllD Hose Clam.pa. ...................................................................................... 1. 7 N •m (IS lb. in..) 
Pressure Hose Fitting to Pump ..................................................................... 28 N·m (21 lb. ft.) 
Pressure Hose Fitting to Gear .................................................................. '. ... 28·N •m (21 lb. ft.) 

FA~t!e~~~t: ~ci.FiCATi00NS ........................................ ;.~·--· 28 N•in (ll lb. ft.) 

Engine Stud to Pump Bracket Nuts ............................................................. 33 N·m (24 lb. ft.) 
Pump Bracket to Engine Bolts _. .................................................................... 33 N ·m (24 lb. ft.) 
Brace to Pump Nut (2.8 L Engine) .............................................................. 25 N·m (18 lb. ft.) 
Brace to Pump Nut (5.0 Land 5.7 L Engines) ........................................... SO N·m (37 lb. ft.) 
Brace to Engine Bolt ..................................................................................... 25 N ·m (18 lb. ft.) 
Brace to Engine Nut ..................................................................................... 33 N ·m (24 lb. ft.) 
Bracket to Pump Bolts .................................................................................. SO N •m (37 lb. ft.) 
Steering Gear Mounting Bolts .............. , ....................................................... 90 N·m (66 lb. ft.) 
Steering Gear Side Cover Bolts .................................................................... 60 N·m (44 lb. ft.) 
Rack Piston Guide Clamp Srews .................................................................... S N•m (44 lb. in) 
Stea-ins Pump Studs ....................................................................................... 35 N · m (26 lb. ft.) A~~f~ENf'-1oiiahE: Nut ................................................................ 27 N·m (20 lb. ft.) 

Steering Gear Adjuster Plug ......................................................................... 27 N · m (20 lb. ft.) 
Pitman Shaft Over-Center Preload* 

New Gear ........................................................................................ 0.6-1.2 N·m (5-11 lb. in.) 
Used Gear*• ..................................................................................... 0.5-0.6 N •m (4-5 lb. in.) 

Maximum <h'er-Ccnter Preload 
New Gea.r ...................................................................................................................... 2 N ·m (18 lb. in.) 
Used Gear•• ........................................................................................... 1.S N~m (13 lb. in.) 

• Figure is in addition to worm shaft thrust bearing 
preload and valve and seal drag. 

•• Steering gear is considered used after it has been 
in service for 400 miles (650 km). 
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SPECIAL TOOLS 

DJ 

~ J2&03H 

l2] PUMP PULLEY REMOVER 

0 PUMP PULLEY INSTALLER 

[!] PITMAN SHAFT OIL SEAL INSTALLER 

0 INTERNALSNAPAINGF'UERS 

0 SPANNERWRENCH 

[!] RACK PISTON TEFLDN RING COMPRESSOR 

0 RACK PISTON ARBOR 

0 ADJUSTER PLUG BEARING REMOVER AND INSTALLER 

0 PITMAN SHAFT BEARING REMOVER AND INSTALLER 

~ SHAFT OIL SEAL INSTALLER 

J42411 

J7824 

J8847 

G"l~ L!.J ------+---J> J21H2 

V J8221 

J8278 

J22870 
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SECTION 383 

STEERING LINKAGE 
The following "'Notice" applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: "'NOTICE: Sec 'Notice' on page 3B3-l 
of this section." 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced. use the correct part number fastener for that application. If the correct 
part number fastener is not available. a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or sy~ damage 
could result. 

CONTENTS 
Diagnosis ......... .............. ........ ...•... ... ............ Section 3 
General Description ......................................... 3B3-1 
On-Vehicle Service ........................................... 3B3-1 

Checking Linkage Wear ............................... 3B3-l 
Tie Rods ........................................................ 3B3-l 

Inner Tie Rod ....................................... .. .. 3B3-1 
Outer Tie Rod ............... ........................ .... 3B3-3 

Relay R.od ..................................................... 3B3-4 
Relay Rod Height Adjustment ................. 3 B3-4 

GENERAL DESCRIPTION 

Figun, 1 

A parallelogram type steering linkage connects 
both front wheels to the steering gear through the 
pitman arm ( 13). The right and left tie rods are 
attached to the steering arms (19) and relay rod (14) 
by ball studs. The left end of the relay rod (14) is 
supported by the pitman arm (13) which is driven by 
the steering gear. The right end of the relay rod (14) 
is supported by the idler arm (16) which pivots on the 
idler arm support (18) attached to the frame rail. The 
pitman arm (13) and idler arm (16) remain parallel to 
each other while they move through symmetrical arcs. 

The steering linkage should be lubricated with 
any water resistant EP type chassis lubricant at 
specified intervals. Lubrication paints and additional 
information on chassis lubrication can be found in 
MAINTENANCE AND LUBRICATION (SEC. 
OB). 

NOTICE: Do not attempt to disengage a linkage 
joint by driving a wedge between the joint and 
attached part. Seal damage may result causing 

. premature failure of the joint. 

ON-VEHICLE SERVICE 
CHECKING LINKAGE WEAR 
Fir,ure2 

1. Raise vehicle on one side at the frame directly 
behind the front wheel so that the tire is elevated 
25.4 mm (1 inch) off the floor. 

2. Position dial indicator. 

Tie Rod Adjuster .......................................... 3B3-5 
Idler Arm .................... .. .. ........... ................... 3B3-6 
Pitman Arm .................................................. ; 3B3-7 
Tie Rod Seal Replacement ........................... 3B3-8 

Outer Tie R.od Seal ........................ ........... 3B3-8 
Inner Tie Rod Seal . ........... ....................... 3B3-8 

Specifications .. ..... ............... ........ .. .. ...... ... ......... 3B3-9 
Special Tools ..................................................... 3B3-9 

3. Position steering wheel in a straight ahead and 
locked position. 

4. Grasp front wheel and move wheel back and 
forth. 

5. Read indicator. Indicator reading should not 
exceed 2.74 mm (0.108 inch). 
- If indicator reading is not within 

specification a check should be made of all 
suspension and linkage parts. 

TIE RODS 
Figures 1 and 3 

ne rod adjuster components often become rusted 
in service. In such cases, it is recommended that if the 
torque required to remove the nut from the bolt after 
breakaway exceeds 9 N ·m (80 lb. in.)t discard the nuts 
and bolts. Apply penetrating oil between the clamp and 
tube and rotate the clamps until they move freely. 
Install new bolts and nuts having the same part number 
to assure proper clamping at the specified nut torque. 

Inner Tie Rod 

E3 Remove or Disconnect 

Tools Required: 
J 29193 Steering Linkage Installer 
J 24319-0t' Universal Steering Linkage 
Puller or 
J 6627-A Tie Rod Puller 

• Raise and suitably support vehicle. Refer to 
GENERAL INFORMATION (SEC. 0A). 
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Figure 1 - StNrtng Wnkage 
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RP 

Figure 2 - Checking Linkage Wear 

1. Nut (10). 
2. Inner tie rod ball joint from relay rod (14) using 

J 24319-01 or J 6627-A. 
• Loosen clamp bolt (6) at the tie rod adjuster tube 

(1). 
3. Inner tic rod (2) from tic rod adjuster tube (1). 

(L!J 1nspect 

• Threads on the ball stud and in the ball stud 
nut. They should be clean and smooth. If 
threads are not clean and smooth, the ball 
may turn inside the tie rod when attempting 
to tighten the nut during installation. 

• Ball stud taper for nicks. 
• Seals (7) for damage. Replace seals as 

necessary. 

E3 Install or Connect 

NOTICE: See "Notice" on page .3B3-1 of this 
section for steps 3 and 4. 

• Lubricate tie rod adjuster tube threads with EP 
chams lube or equivalent. 

1. Threaded end of inner tie rod (2) into the tic rod 
adjuster tube (1). 

2. Inner tie rod ball joint into relay rod (14). 
3. J 29193 to scat tapers. 

~ Tighten 
• 1 29193 to 20 N ·m (15 lb. ft.). 

• Remove I 29193. 
4. Inner tie rod ball joint attaching nut (10). 

~ Tighten 

• Nut (10) to 48 N ·m (35 lb. ft.). rn Important 

Before tightening clamp nuts (4) on the tie 
rod adjuster tube (1), make cenain that the 
tie rod adjuster tube (1) and adjuster tube 
clamps (S) are positioned properly. Refer to 

STEERING LINKAGE 383-3 

"Tic Rod Adjuster" in this section for 
proper positioning of the tie rod adjuster 
tube (1) and adjuster tube clamps (S). 

~ Teglrtan 
• · Adjuster clamp nuts (4) to 19 N·m (14 lb. 

ft.). 
• Lower vehicle. 

~ Adjust 

• Toe to specification. Refer to WHEEL 
ALIGNMENT (SEC. 3A). 

Outer Tie Rod 

E3 Remove or Disconnect 

Tools Required: 
J 24319-01 Universal Steering Linkage 
Puller or 
J 6627-A Tie Rod Puller 

• Raise and suitably support vehicle. Refer to 
GENE}½L INFORMATION (SEC. 0A). 

I. Cotter pin (21) and castcUated nut (20) from 
outer tie rod (8) at the steering arm (19). 

2. Outer tie rod (8) from steering arm (19) by using 
J 24319-01. 

• Loosen clamp bolt (6) on adjuster tube (1). 
3. Outer tie rod (8) from adjuster tube (1). 

IL•I Inspect 
• Threads on the ball stud and in the ball stud 

nut.They should be clean and smooth. If 
threads are not clean and smooth, the ball 
may tum inside the tic rod when attempting 
to tighten the nut during installation. 

• Ball stud taper for nicks. 
• Seals (7) for damage. Replace seals as 

necessary. 

E3 l111tall or Connect 
NOTICE: See •Notice• on page 3B3-1 of this 
section for steps 3 and 4. 

• . Lubricate the tie rod adjuster tube threads with 
· EP chassis lube or equivalent. 

1. Threaded end of the outer tie rod (8) into the tie 
rod adjuster tube (1). 

2. Outer tic rod (8) into the steering ann (19). 

NOTICE: See NOTICE on page 3B3-1 of this 
section. 

3. Castellated nut (20). 

,~, Tighten 

• Nut (20) to 48 N·m (35 lb. ft.). 
• Nut (29) again just enough to align the slot in 

the nut with the hole in stud. 
4. Cotter pin (21). 
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[I] lmportlnt 

• Before tightening clamp nuts (4) on the tic 
rod adjuster tube (1), make certam that the 
tie rod adjuster tube (1) and adjuster tube 
clamps (5) are (>Olitioned properly. Refer to 
•rie Rod AdJuster• in this section for 
proper positioning of the tie rod adjuster 
tube (1) and adjuster tube clamps (5). 

·lll Tighten 
• Adjuster clamp nuts (4) to 19 N·m (14 lb. 

ft.). 
• Lower vehicle. 

Ill Adjust 

• Toe to specification. Refer to WHEEL 
ALIGNMENT (SEC. 3A). 

.). __ . . --} 
,, _-;_--·_. [!] OUTER TIE ROD 

lI!] STEERING ARM 

KCGOO 
Figure 3 • Freeing Ball Stud 

RELAY ROD 

Figww 1 and 4 

The left and right ends of the relay rod must be 
held at the same height. Tbe side-to-side height control 
of the relay rod is controlled by adjusting the position 
of the idler arm. Before d~g the relay rod, it 
is important to mark the position of the idler arm on 
the frame in order to reinstall the idler arm in the same 
~tion. Whenever replacement of the relay rod or 
idler arm is required, the procedure for adjusting the 
relay rod height, as described in this section, must be 
pcrl~ed. 

E3 Remove or Disconnect 
Tools Required: 

J 24319-01 Universal Steering Linkage 
Puller 

J 29193 Steering Linkage Installer 

J 33093 Relay Rod Adjustment Gage 

• _Raise and suitably support·. vehicle. llefer · to 
GENERAL INFORMATION (SEC. OA). 

1. Inner tie rods (2) from relay rod (14). Refer to 
• Inner '.fie Roel• in this section. 

2. Nut (24) from the relay rod (14) at the pitman 
arm (13). · 

3. Relay rod (14) from pitman arm (13) by using J 
24319-01. 
• Move steering linkage as required to free 

pitman arm (13) from relay rod (14). 
4. Nut (10) from relay rod (14) at the idler arm (16). 
5. Relay rod (14) from idler arm (16) by using J 

24319-01. 

lL!J Inspect 
• Seals (9) for damage and replace as necessary. 

E3 l~tall or Connect 
NOTICE: See •Notice• on page 3B3-1 of this 
section for steps 3 and 6. 

1. Relay rod (14) to idler arm_ (16). 
2. J 29193 to seat the tapers. 

f~I Tighten 
• J 29193 to 20 N·m (15 lb. ft.). 

• Remove J 29 I 93. 
3. Nut (IO) to ball stud. 

f~I Tighten 
• Nut (10) to 48 N • m (35 lb. ft.). 

4. Relay rod (14) to pitman arm (13). 
5. -J 29193 to seat the tapers. 

~ Tighten 
• J 29193 to 20 N·m (15 lb. ft.). 

• Remove J 29193. 
6. Nut (24) to ball stud. 

~ Tighten 
• Nut (24) to 48 N·m (35 lb. ft.). 

7. Inner tie rods (2) to relay rod (14). Refer to 
"Inner Tie Rod• in this section. 

• Adjust relay rod heipt. Refer to •Relay Roel 
Height Adjustment• m this section. 

• Lower vehicle. 

Relay Rod Height Adjustment 
• Raise and suitably support vehicle. · Refer to 

GENERAL INFORMATION (SEC. OA). 
2. Carefully clean both flats of the relay rod (14) 

with a wire brush. 
3. Install J 33093 onto the flat at the pitman arm 

end. 
4. Install a socket onto the head of the pivot bolt on 

the driver's side lower control arm (25). 
5. Measure and record dimension A between the 

flange of J 33093 and the bottom of the socket. 
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DIMENSION "8~' DIMENSION "A" 

t •. J33093 T 

0 ADJUSTMENT SLOTS 

.[!] ~ACHINEO FLATS 

51 AELAYROD 

[sJ SOCKET INSTALLED ON HEAD OF PIVOT BOLT 

~ LOWER CONTROL ARM 

e!) FRON"FCROSSM.EMBER 
IC .. 

Figure 4 - Adj1,1sting Relay Rod. Height 

6. Remove J 33093 and the socket from the pivot 
bolt. 

7. Loosen idler arm-to-frame nuts (23) enough to 
$lide the idler arm up and down. 

8. Install J 33093 onto the flat at the idler amt end 
of the relay ro<t 

9. .Install the socket to the pivot bolt at the 
passenger side lower control arm. 

10. Measure and record dimension B between ·the 
flange of J 33093 and the bottom of the socket. 

U. Adjust the position, of tbe idler arm at the frame· 
until dimension A and B are equal within ± 1.00 
mm (0.039 inch). 

~ Tighten 

• Idler arm to frame nuts {23) to 70 N • m (52 
lb. ft.) 

12. Remove socket and J 33093. 
13. Lower vehicle. 

·ll) Adjust 

• Toe to specification. Refer to WHEEL 
ALIGNMENT (SEC. 3A). 

TIE ROD ADJUSTER 
Figuru 1 .Ind 5 

Tie rod adjuster ~ . often. becoJDe l'U$t~ in 
service. In such cases, 1t is recommended that if the 
tontue required to remove the nut from the bolt after 
breakaway exc,eeds 9 N·m (801b. in.), discard the nuts 

· and bolts. Apply penetrating oil between the clamp and 

tube and rotate the clamps until they move freely. 
Install new ·bolts and nuts having the same part number 
to .assure proper clamping at the spc:cifted nut torque. 

l++I Remove or Disconnect 
Tool Required: 

J 24319-01 Universal Steering Linkage 
Puller 

• Raise and suitably support vehicle.. Refer to 
G.ENERAL INFORMATION (SEC. OA). 

1. Clamp bolts (6) on adjuster tube (1). 
2. Cotter pin (21) and nut (20) from outer tie rod 

(8). 
3. Outer tie rod (8) from steering arm (19) by osiilg 

J 24319-01. 
4. · Outer tie rod (8) from the tie rod adjuster tube 

(I). 
• Count the number of turns to remove the 

adjuster tube. · 
S. Tic rod adjuster tube (1) from the i,nner tie rod 

(2). 
• Count .the. number of turns to, move the 

adjuster tube. 

E3 Install or Connect 
NOTJCE: See •Nonce• on page, 3B3-l of this 
section for steps 2 and 3. 

• Lubricate tic rod threads with EP chassis lube or 
equivalent. 
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0 ADJUSTER TUBE SLOT 

[!] GAP 

@] GAP AFTER TIGHTENING 

[TI ADJUSTER TUBe 

0 INNER TIE ROD 

0 NUT 

[!] AOJUSTEATUBECLAMP 

0 BOLT 

[!] OUTER TIE ROD 

[E] RELAY ROD 

[!!] STEERING ARM 

Figure 5 - Positioning Adjuster Tube and Clamps 

1. Inner and outer tie rod ends into the adjuster tube 
(1) using the same number of turns as counted 
during removal. 

IL!Jtnspect 
• Threads OD the outer tie rod ball stud and 

in the ball stud nut. They should be clean 
and smooth. If threads arc not clean and 
smooth the ball stud may ~ in the tie rod 
when attempting to tighten nut. 

•· Ball stud taper for nicks. 
• Scala for damage. Replace seals as 

,ecesary. 
2. Nut (20) OD outer tie-rod ball stud. 

~ Tighten 
• Nut (20) to 40 N·m (3Q lb. ft.). 
• Nut (20) again, just enough to alip hole in 

stud with slot in cutellated nut. 
3. Cotter pin (21). 

Ill AdJUlt 
• Tac rod adjua1er tube (1) and adjuster tube clamps 

(5) as follows: 
• Install adjuster clamp bolts (6) in the 

direction shown in Figure 5. 
• Rotate inner and outer tic rod sockets 

rearward to the limit of the ball stud travel. 
• Position _adjuster tube clamps (5) within the 

angles shown in Figure 5. 

- Slot in tie rod adjuster tube (1) must 
not be within the gap area of the 
clamping jaws. 

- Clamps must be betwc:en and clear of 
dimples before tightening nut (4). 

Ill Tigh11n 
• Nut (4) to 19 N ·m (14 lb. ft.). 

• Check to see that both ends of the tie rod 
adjuster tube (1) arc threaded an equal 
distance onto the inner and outer tie rods (2 
and 8). 

• Lower vehicle. 

Ill Adjlllt 

• Toe to specification. Refer to WHEEL 
ALIGNMENT (SEC. 3A). 

IDLER ARM 
Fifu,u f and I 

IIJM•11111 
• Vertical lash. 

- The idler ann assembly should always be 
replaced if vertical Juh exceeds 3.2 mm (1/8_ 
inch) when an up and down force of 110 
Newtons (2S pounds) is applied at the relay 
rod ml of the idler ann. 

- Vertical lash should be meuurcd using a 
scale or ruler rested against the frame while 
applyins the correct load. 



- Jerking the right wheel and tire- back and· 
forth is not an acceptable method of 
·checking vertical lash because there is no 
control on the amount of force being 
applied. 

E3 Remove or Dlacanntct 
Tools Required: 

J 24319-01 Univenal Steering Linkage 
Puller 
J 29193 Steering Linkage Installer 

• Raise and suitably support vehicle. Refer to 
GENERAL INFORMATION (SEC. OA). . 

1. Bolts (22) and nuts (23) attaching idler arm 
usembly to the frame. 

2. Nut (10) attaching idler arm to the relay rod ball 
stud. . 

3. Idler arm (16) from relay rod (14) using I 
24319-01. 

lL!] Inspect 
• Seals (9) for damage. Replace . seals as 

necessary. 

E3 lnattll or Conntct 
1. Bolts (22) and nuts (23) to loosely attach the idler 

ann (16) to the frame. 
2. Relay rod (14) to idler arm (16). 
3. 1 29193 to seat tapers. 

lll Tighten 
• J 29193 to 20 N ·m (15 lb. ft.). 

• Remove J 29193. 

NOTICE: See .. Notice .. on page 3B3-1 of this 
section. 

4. Nut (10) to ball stud. 

~ Tighten 

• Nut (10) to 48 N·m (35 lb. ft.). 

Ill Adjust 

• Relay rod height as described in 'Relay Rod 
Height Adjustment• in this section. 

ll} Adjust 

• Toe to specification. Refer to WHEEL 
ALIGNMENT (SEC 3A). 

PITMAN ARM 
Figu,- 1 and 7 

E) Remove or Disconnect 
Tools RequiMd: 

I 6632-01 Pitman Arm Puller 
I 24319-01 Universal Steering Linkage 
Puller 
J 29193 Steering Linkage Installer 

STEERING LINKAGE 383-7 

0 IDU:RARM MOVEMENT - VERTICAL LASH 

[TI ADJUSTER TUBE 

0 INNER TIE ROD 

[!] OUTER TIE ROD 

~ AELAVROD 

~ IDLERARM 

I!!] IDLER ARM SUPPORT 

Figure 8 - Idler Arm Movement 

• Raise and suitably support vehicle. Refer to 
GENERAL INFORMATION (SEC. OA). 

1. Nut (24) from relay rod ball stud at pitman arm 
(13). 

2. Relay rod (14) from pitman arm (13) using I 
24319-01. 

3. Pitman shaft nut (11) and washer (12). 
• Mark position of the pitman ann (13) in relation 

to pitman shaft on the steering gear. 

NOTICE: Do not hammer on J 6632-01 as 
damage to the pitman ann may result. 

4. Pitman arm (13) from pitman shaft_ using J 
6632-01. 

E3 Install or Connect 
NOTICE: See 'Notice'" on page 3B3-1 of this 
section for steps 2 and 5. 

1. Pitman arm (13) to the pitman shaft on the 
steering gear. 
- Align arm with marks made upon removal. 

2. Washer (12) and pitman shaft nut (11). 

~ Tighten 
• Nut (11) to 251 N·m (185 lb. ft.). 

3. Relay rod (14) to pitman arm (13). 
4. J 29193 to seat the tapers. 
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~ Tightln 

• 1 29193 to 20 N •m (1' lb. ft.). 
• _RemoveJ 29193. 
5. Nut ~4) to ball stud. 

~ Tlghtln 
• NU.t (24) to 48 N •m (lS· lb. ft.). 

~ Adjlllt 
• Rday rod beipt • delcn'l,ed . in •llelay R.od 

Height Adjustment• in this section. 

a 
Jl827-A 

J8832-01 

Rgura 7 - Removing Pitman Ann 

TIE ROD SEAL REPLACEMENT 
F#gUll 1 

Outer Tia Rod Seal 

E3 Remove or DilconnlCt 
Tools Required: 

J 24319-01 Linkaac Puller 
J 29193 Linkage Installer 

• ~ and sujtably support vehicle. Refer to 
GENERAL INFORMATION (SEC. 3A). 

1. Cotter pin (21) and ' castellated nut (20) from 
outer tie rod (8). 

2. OUtc:r tie rod (8) from steering ann (19) by using 
J 24319-:ot. 

• · Pry old aeal (7) off outer tie rod (8). 

E31ntt111ar~. _ 
NOTICE: See •Notice• on paae 3B3-1 of thia 
section. ... · 

• W'ape tie rod clean. 
• Poaition new seal on tie rod ltDd. 
• Fmnly pUSh flange of seat' (7) over seat on 

housing. 
1. Outer tie rod (8) to steering um (19). 

~ Tightln 
• Nut (20) to 48 N ·IJI. (35 lb. ft,). 
• Nut (20) apin just enough to . alip slot in 

cucdlmd 'llit with bole in scud. Do not back 
off nut to inaert coUer pin. Tum 10 next bole. 

2. Cotter pin (21). 
• Lower vehicle. 

Inner T11 Rod Seal 

E3 RIIIIOW or Dllcanntct 

Tools Required: 
J 24319-01 Linkav- Puller 
J 29193 Linkage~ 

• Raise and suita61y support the vehic,le. llcfer to 
GENERAL INFORMATION (SEC. OA). 

I. Nut (10) from inner tie rod ball joint. 
2. Inner tie rod (2J from .relay rod (14) using J 

24319-01. 
• ~ old seal (7) off inner tie rod (2). 

E3 IJlltlD or Connect 
• Wipe tie rod clean. 
• Position new seal on tie rod stud. 
• Firmly pu$h flange of seal (7) over seat on 

housing. 
1. Inner tie rod (2) to relay rod (14). 
2. J 29193 to seat the tapers. 

~ T19htan 
• J 29193 to 20 N·m (15 lb. f\;), 

• Remove J· 29193. 

NOTICE: See •Notice• on page 3B3-1 of this 
section. 

3. Nut (10) to ball stud 

Ill T19htiln 
• Nut (10) to 54 N·m (40 lb. ft.) .. 

• Lower vehicle. 
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SPECIFICATIONS 

De Rod Adjuster Clamp Nuts ......................................................................... 19 N ·m (14 lb. ft.) 
Outer De Rod-to-Steering Arm Nut ................................................................ 48 N • m (35 lb. ·ft.) 
Relay Rod-to-Pitman Ann Nut ........................................................................ 48 N ·m (35 lb. ft.) 
Idler Arm-to-Frame Nuts .................................................................................. 70 N · m (52 lb. ft.) 
Relay Rod-to-Idler Arm Nut ., .......................................................................... 48 N ·m (35 lb. ft.) 
Pitman Arm-to-Pitman Shaft Nut ................................................................ 251 N·m (185 lb. ft.) 
Inner Tie Rod-to-Relay Rod Nut ..................................................................... 54 N·m (40 lb. ft.) 

[I) WHEEL STUD REMOVER 

0 PITMAN ARM ROLLER 

0 UNIVERSAL STEERING LINKAGE PULLER 

0 STEERING LINKAGE INSTALLER 112 mml 

[!] RELAY ROD ADJUSTMENT GAGE 

SPECIAL TOOLS 

[!] ~ J 8627-A 

IT] ~ J6832-01 

[!]~ J24319-01 

r:74 tt.r_-:_-:.-:.-:.s~ ~ lf_: ___ 7..1 J29193 



FRONT SUSPENSION 3C-1 

SECTION 3C 

FRONT SUSPENSION 
The following •Notice• applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: •NonCB: Sec •Notice• on page 3Cl 
of this section.• 

NOTICE: When fasteners are remov~ always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when iD&ta1Jing fastcnen that require it. If the above conditions are not follow~ parts or system damage 
could n:sult. 

CONTENTS 
General Information .. .. ......... .• ........................... 3C-l 
On. Vehicle Service ..•.•.•••......•.........•. ......•.•....... .. 3C-l 

Front Wheel Bearings ............................. ....... 3C-1 
Wheel Bearing Adjustment ............................ 3C-1 
Hub .Asamlbly .•••••••.••••••.••••••••.•••••.••...••.•.••.•..• JC-2 
Wheel Bearing/Seal ........................................ 3C-3 
Wheel Hub Stud ............................................. 3C-3 
Stabiliur Shaft . ............................................... 3C-4 
Front Suspension Strut ................................... 3C-4 

GENERAL INFORMATION 
The front suspension is designed to allow each 

wheel to compensate for changes in the road surface 
level without appreciably affecting the opposite wheel. 
Each wheel is ind-,,endently comiectcd to the frame by 
a steering .knuckle, strut assembly, ball joint, and lower 
control arm. The steering knuckles move in a 
pn:scn.1,cd thrc:e dimensional arc. The front wheels are 
held in proper relationship to each other by two tic 
rods. The tie rods are connected to steering arms on the 
knuckles and to the relay rod assembly. 

Coil chassis springs are mounted between the 
spring housings on the front crossmember and the 
lower control arms. Ride control is provided by double, 
direct acting strut assemblies. The upper portion of each 
strut assembly extends through the fender well and 
attaches to the upper ~ assembly with a nut. . 

Side roll or the front suspension is controlled by 
a steel spring stabilizer shaft. It is mounted in rubber 
bushinp that are held to the frame side rails by 
bnckets. The ends of the stabiliur shaft are connected 
to the lower control arms by link bolts and are isolated 
by rubber grommets. 

The inner ends of the lower control arms have 
pressed in bushings. Bolts (passing through the 
bushings) attach the arm to the suspension 
C1"08Sllle:mber. The lower ball joint assembly is a press 
fit in the arm and attaches to the steering knuckle with 
a torque prevailing nut. 

Rubber grease seals arc provided at ball socket 
assemblies to keep dirt and moisture from entering the 
joint and damaging bearing surfaces. 

Ball Joints ...........••..•.•..........•......•...............•.•. 3C-4 
Lower Control Arm/Coil Spring .................... 3C-7 
Lower Control Arm Bushings ....................... 3C-7 

Front Bushing -~- ..••••.•••.•••...•..•.••••••••.•.••.•••..• 3C· 7 
Rear Bushing ................................................ 3C-8 

Knuckle, Hub an.d Disc ...•••••.•.•.••...••.......•.•..• 3C-8 
Front Crossmernber •... ...... ..••..••.•••.•....•. ........ 3C-11 

Specifications .................................................... 3C-13 
Special Tools ...................................................... 3C-14 

ON-VEHICLE SERVICE 
FRONT WHEEL BEARINGS 

The proper functioning of the front suspension. 
cannot be maintained unless the front wheel tapered 
roller bearings are correctly ad~ Cones must be 
a slip fit on the spindle. The mside diameter ·· Of the 
cones should be lubricated to insure that the cones will 
creep. Spindle nut must be a free-running fit on 
threads. 

WHEEL BEARING ADJUSTMENT 
1. Raise front of vehicle and suitably iupport. Refer 

to GENERAL INFORMATION (SEC. OA). 
2. Remove wheel or center cap. Refer to TIRES 

AND WHEELS (SEC. 3E). 

3. Remove dust cap from hub. 

NOTICE: See •NOTICE• on page 3C-1 of this 
section. 

4. Remove cotter pin from spindle and spindle nut. 

,~, Tighten 

• Spindle nut to 16 N•m (12 lb. ft.) while 
turning the wheel assembly forward by 
hand to fully seat the bearings. This will 
remove any grease or bum which could 
cause excessive wheel bearing play later. 

S. Back off the nut to the just loose position. 
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IT] FRONT CROSSMEMBER 

[!] UPPER MOUNT 

0 STRUT 

0 COILSPAING 

[I] KNUCKL£ 

[!] HUI ANO DISC 

[I] LOWER CONTROL ARM 

Rgure 1 - Front Suspension 

6. Hand tighten the spindle nut Loosen spindle nut 
just enough that either hole in the spindle lines up 
with a slot in the nut. Not more than 1/2 flat. 

7. Install new cotter pin. Bend the ends of the cotter 
pin against nut, cut off" extra lqth to ensure ends 
will not interfere with j:he dust cap. 

('1 MIIIUre 
• Using a dial indicator, check the hub 

assembly. There should be from 0.03 to 0.13 
mm (0.001 to 0.005 inches) end play when 
properly adjusted. 

8. Install dust cap on hub. 
9. Install wheel cover or center cap. Refer to TIRES 

AND WHEELS (SEC. 3E). 
10. Lower vehicle. 

HUB ASSEMBLY 
Flgure3 

l3 Remove or Dilconnect 

(Wheel and Tire Remand) 
1. Brake caliper. Refer to FRONT DISC BRAKE 

CALIPER ASSEMBLY . -3000/3100 SERIES 
(SEC. 5B1) or FRONT PAD-GUIDED DISC 
BRAKE CALIPER ASSEMBLY (SEC. 5B2). 

2. Dust cap from hub. 
3. C.otter pin, nut and washer from spindle. 
4. Canfully pull hub assembly from spindle. 

IIUT 
LGOa 

Rgure 2 - Wheel Bearing Adjustment 



WHEEL BEARING / SEAL 

El3 Dilauemble 
Tool Required: 

J _29117-A Wheel Bearing Cup Remover 

{Hub Aalmbly Remowd} 
l. The outer roller bearing assembly from hub. The 

inner bearing assembly will remain in the hub and 
may be removed after prying out the inner 
bearing lip seal. Discard seal. 

2. Old races from hub with a drift or J 29117-A 
inserted behind races {Figure 3). 

!lJ Clean 

• All parts in clean solvent and air dry. 

(L!J 1n1pect 

• Bearings for cracked cage and worn or pitted 
rollers. 

• Bearing races for cracks, scores or brinelled 
condition. Refer to STEERING, SUSPENSION, 
TIRES AND WHEEL DIAGNOSIS (SEC. 3). 

IIJAuemble 
Tool Required: 

J 33067 Wheel Bearing Packer 
1. If the races were removed, drive or press the races 

into the hub. 

~ Clean 
• All grease in the hub and spindle, and 

thoroughly clean out any grease in the 
bearings. Use clean solvent. Use of a small 
brush with no loose bristles will be helpful 
to clean out old grease. Do not spin the 
bearing with compressed air while d.eying it 
or the bearing may be damaged. 

2. Use an approved high temperature front wheel 
bearing grease. Do not mix greases. Mixing may 
change the grease properties and result in poor 
performance. 

3. Apply a thin film of grease to the spindle at the 
outer bearing seat and at the inner bearing seat, 
shoulder, and seal seat. 

4. Put a small quantity of grease inboard of each 
bearing cup in the hub. This can be applied with 
your finger, forming a dam to provide extra 
grease availability to the bearing and to keep the 
thinned grease from fl.owing out of the bearing. 

NOTICE: If hand packing is used, it is extremely 
important to work ilte grease thoroughly into the 
bearings between the rollers, cone, and the cage. 
Failure to do this could result in premature 
bearing failure. 

S. Fill the bearing cone and roller assemblies with 
grease using J 33067. If a cone greaser is not 
available, the bearings can be packed by hand. 

FRONT SUSPENSION 3C-3 

6. Place the inner bearing cone and roller assembly 
in the hub. Then, using your finger, pui · an 
additional quantity Qf grease QUtboard of the 
bearing. 

7. Install a new grease seal using a flat plate until the 
seal is flush with the hub. Lubricate the seal lip 
with a thin layer of grease. 

NOTICE: See 'NOTICE' on page 3C-1 of this 
section. 

8. Carefully inst.all the hub and rotor assembly. 
Place the outer bearing cone and roller asembly 
in the outer bearing cup. Install the washer and 
nut. 

Ill Tighten 
• Nut to 16 N ·m (12 lb. ft.) while turning the 

wheel assembly forward by hand. 
• Put an additional quantity of grease 

outboard of the bearing. This provides extra 
grease availability to the bearing. 

• Final bearing adjustment should be performed. 
Refer to 'Wheel Bearing Adjustment• in this 
section. 

J29117•A 

ltC1 P 

Figure 3 • Removing Front Wheel Bearing 

WHEEL HUB STUD 
{Hub Ansmbly Rsmovtd} 

Figure4 

NOTICE: See 'Notice• on page 3C-1 of this 
section regarding the fasteners referred to below. 

E3 Remove or Disconnect 

Tool Required: 
J 9746-02 Rear Pinion Bearing Remover 

(Hub Aa,mbly Removed} 

• The hub or disc studs with a press. Do not 
damage wheel mounting surface on hub flange. 
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E3 Install or Connect 

• New serrated stud into hole in hub. Tap lightly 
with a hammer to start stud serrations in hole, 
making sure that stud is square with hub flange. 
The brake disc must be supported as shown in 
Figure 4, before presmng the wheel stud in or out. 

TOOL J-9746 IS RESTING 
ON PRESS BARS TO PREVENT 
DAMAGE TO ROTOR FACE. 

Figure 4 - Pressing Stud Out 

STABILIZER SHAFT 
Ffgure5 

l+-+I Ramova or Disconnect 

1. Raise vehicle and suitably support. Refer to 
GENERAL INFORMATION (SEC. OA). 

2. Each side of stabiliur linkage by removing nut 
from link bolt, pull bolt fro111 linkage md remove 
retainers, grommets· and spacer. 

3. Bracket to frame or body bolts and remove 
stabilizer shaft. rubber bushings and brackets. 

E3 Install or Connect 

· 1. Rubber bushings to shaft, bracket to frame or 
body bolts. 

NOTICE: See "'NOTICE"' ·on page JCl in this 
section. 

2. Link bolts, grommets, spawers, retainers, and 
nuts. 

• Install with the shaft identification tag on the 
right side of the vehicle. The rubber bushings 
should be positioned squarely in the brackets with 

the slit in the bushings facing the front of the 
vehicle. 

~ Tighten 
• Stabilize_r link 011t/bolt to 22 N·m (16 lb. 

ft.). Bracket bolts to 53 N·m ~9 lb. ft.}. 

FRONT SUSPENSION STRUT 
F,gure6 

E3 Remove or Disconnect 

• Raise vehicle and suitably support. Place 
jackstand to support lower control arm. Rc:fer to 
GENERAL INFORMATION {SEC. OA). 

1. Wheel. Refer to TIRES AND WHEELS {SEC. 
3E). 

2 Brake hose bracket. 
3. Strut-to-knuckle bolts. 
4. Cover from upper mount assembly. 
5. Nut from. upper end of strut. 
6. Strut and shield. 

E3 Install or Connect 
NOTICE: See •NOTICE"' on page 3Cl of this 
section for steps 2 and 4. 

1. Strut and shield to upper mount. 
2. Nut to upper end of strut 

l~I Tighten 
• Upper strut nut to 63 N ·m (46 lb. ft.). 

3. Cover to upper mount. 
4. Strut-to-knuckle bolts. 

,~, Tighten 

• Bolts to 21S N • m (203 lb. ft.). 
5. Brake hose bracket. 
6. Wheel Refer to TIRES AND WHEELS (SEC. 

3E). 
• Lower vehicle. 

BALL JOINTS 
Rgur,7 

IL!J 1n1pect 

• Ball joint seals should be carefully inspected for 
cuts and ·tears. Whenever cuts or tears are found, 
the ball joint must be replaced. 

• Ball joints for wear. 

l++I Remove or Disconnect 
Tools Required: 

J 9519-7 Large Remover 
J 9519-18 Ball Joint Pressing Screw 
J 9519-23 Ball Joint C-Clamp 
1 24292-B Ball Joint Remover 
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FRONT SUSPENSION 3c.& 

IOLT MUST IE INSTALLED IN 
DIRECTION SHOWN. 

~ 
INSTALL STAIIUZER SHAFT 
INSULATOR WITH SLIT TOWARD 
FRONT OF VEHICLE AS SHOWN. 

RP 

Figure 5 - Removing arid Installing Stablllzer Shaft 
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LT 
275 N·m (203 LB. FT.I 

WASHER STRUT ASII 

· Figure 9 • Removing and 1Mt9111ng Strut 

NUT: 83 N·m (45 LI. FT.I 



1. Raise car, support with floor stands under frame. 
Refer to GENERAL INFORMATION (SEC. 
OA). 

2. Remove tire and wheel assembly. Refer to TIRES 
AND WHEELS (SEC. 3E). 

3. Place floor jack under control arm spring seats. 
CAUTION: Floor jack must remain 
under control arm spring seat during 
removal and installation to retain 
spring and control arm in position. 

4. Remove cotter pin, and loosen castellated nut. 
Use 1 24292-B to break ball joint loose from 
knuckle. Remove tool, and separate joint from 
knuckle. 

S. Guide lower control arm out of opening in splash 
shield with a putty knife or similar tool. 

6. Remove grease fittings, and install tools as shown 
in Figure 7. Press ball joint out of lower control 
arm. a Install or Connect 

Tools Required: 
J 9519-9 Large Installer 
J 9519-18 Ball Joint Pressing Screw 
J 9519-23 Ball Joint CClamp 

1. Position ball joint into lower control arm and 
press in until it bottoms on the control arm. using 
tools as illustrated in Figure 7. Grease purge on 
seal must face inboard. 

2. Place ball joint in steering knuckle. Ball joint 
must firmly press into control arm. If it does not, 
replace control arm. 

NOTICE: See •NOTICE• on page 3C-1 of this 
section. 

3. Ball joint nut. 

~ Tighten 
• Ball joint stud nut to 113 N •m (83 lb. ft.). 

Then tighten enough to align nut slot with 
stud hole and install cotter pin. 

4. Install and lubricate ball joint fitting until grease 
appears at the seal. 

S. Install tire and wheel assembly. 
6. Check front alignment. Refer to WHEEL 

ALIGNMENT (SEC. 3A). Lower vehicle. 

LOWER CONTROL ARM/COIL SPRING 
F',gursB 

a· Remove or Diaconnec:t 
Tool Required: 

J 24292-B Ball Joint Rem.over 
1. Raise vehicle using -hoist. Refer to GENERAL 

INFORMATION (SEC. OA). 
2. Remove wheel and tire. Refer to TIRES AND 

WHEELS (SEC 3E). 
3. Remove stabilizer link and bushings at lower 

control arm. 

FRONT SUSPENSION 3C.7 

4. Remove cotter pin and nut from tie rod end. 
S. Remove steering knuckle from tie rod ball joint 

stud using J 24292-B. 
6. Install universal spring compressor as shown in 

Figure 8. 
7. Compress spring. 
8. Remove lower control ann pivot bolt. 
9. Pivot lower control arm rearward. 

10. Remove universal spring compressor. 
11. Remove spring. 

E3 Install or Connect 
NOTICE: See •Notice• on page 3C-1 of this 
~ for steps S, 1, and 9. 

1. Properly position spring on the control arm, 
making sure the spring insulator is in place. Take 
care that the spring is properly installed as shown 
in Figure 8. 

NOTICE: Handling must not cause any damage 
to the corrosion protection coating on the springs. 
Any removal of coating must be repaired . . 

2. Install universal spring compressor and compress 
spring. 

3. Pivot lower control arm forward into position. 
4. Position control arms into frame. 
S. Install bolts (front bolt installs from front to rear 

first). 

~ Tighten 

• Lower control arm pivot bolt/nuts to 90 
N •m (66 lb. ft.). 

6. Remove universal spring compressor. 
7. Install stabilizer linkage. 

l~I Tighten 
• · Stabilizer link nut to 22 N·m (16 lb. ft.). 

8. Install steering knuckle to tie rod ball joint stud. 
9. ~tall ball joint stud nut. 

~ Tighten 

• Nut to 113 N·m (83 lb. ft.). 
10. Install cotter pin. 
11. Install wheel. Refer to TIRES AND WHEELS 

(SEC 3E). 
12. Lower vehicle. 

LOWER CONTROL ARM BUSHINGS 

Front Bushing 
Rgu,.9 
• Disconnect lower control arm at frame. Refer to 

•Lower Control Ann/Coil Spring• in this 
section. 

l•l~ Dluaemble 
Tools Required: 

J 21474-S Bushing Receiver 
J 21474-19 3/8• Bolt 



3CI FRONT SUSPENSION 

REMOVING BAU.JOINT 

INSTAWNG BALL JOINT 

J9&19-23 

LOWER CONTROL ARM 

Rgure 7 • Removing and Installing Ban Joint 

J 21474-18 3/8• Nut 
J 21474-23 Bushini Remover 
J 22899 Control Arm Spacer 

1. Using a blunt child, drive bushing flare (inside of 
control arm) down ftlllh with rubber af buahing. 

2. Remove front bushing (Figure 9). 

~ A111mbl1 
TooJs Required: 

J 21474-2 Bushing Remover/TnstalJer 
J 21474-5 Buabing Receiver 
J 21474-18 3/S- Nut 
J 21474-19 3/S- Bolt 
J 21474-20 Buihing Installer 
J 22899 Control Arm Spacer 

1. Install front bushing (P"igure 9). 
2. Flare front bushing.· (Figme 9). 
3. Connect lower control arm at frame. Refer to 

•Lower Control Arm/Coil Spring• in this 
acction. 

Raar Buahing 
Flgtn9 

E3 R■IIIOft or Dlacann■ct 
Tools Required: 

J 21474-5 Bushing Receiver 
121414-s Buama Remover 
J 21474-12 Busbina Imtaller Spacer 
J 2147+18 3/B• Nut 

J 21474-19 3/S- Bolt 
1. DilCOIUleC1: lower control arm at frame. Refer to 

•1.owcr Control Arm/Coil spring• in this 
section. . 

2. Remove rear bushing (Yigure 9). 

E3 ln111U or Connect 
Tools Required: 

IC 2147+5 Bushing Receiver 
J 21474-12 Bushing Imtaller Spacer 
J 21474-13 Bushing Jnstailcr 
121474-18 3/8• Nut 
J 21474-19 3/S- Bolt 

1. Install rar buabing (Figure 9). 
2. Connect lower control arm at frame. R.c:fer to 

•r.owcr Control Arm/Coil Spring• in this 
section. 

KNUCKIL HUB AND DISC 
Flt/UN10 

a Remova or Dllconnect 
Tool Required: 

J 24292-B Ball Joint Remover 
1. Raise vehicle and IIDitably sup~ Refer to 

GENERAI.. INFORMATION (SBC. OA). 
2. Remove wheel. Refer to TIRES AND WHEELS 

(SEC. 3E). 
3. Remove caliper mounting bolts. 
4. Remove caliper from steering knuckle and 

support. 



FRONTCROSSMEMBER 

LOWER CONTROL . 
ARM 

SPRING 

NUT 
12BN·ml 

FRONT SUSPENSION 3C-9 

SPRING TO BE INSTALLED WITH TAPE AT 
LOWEST POSITION BOTTOM OF SPRING IS 
COILED HELICAL. AND THE TOP IS COILED 
FLAT WITH A GRIPPER NOTCH NEAR END 
OFWIRE. 

---AfTER ASSEMBLY, END Of SPRING 
COIL MUST COVER ALL OR PART OF 
ONE INSPECTION DRAIN HOLE. THE 
OTHER HOLE MUST BE PARTLY 
EXPOSED OR COMPLETELY UNCOVERED. 

BOLT MUST BE INSTALLED 
IN DIRECTION SHOWN. 

NUT 
(BON·ml 

LOWER 
CONTROL SPRING 
ARM IVIEW •I 
INSTALL THE FRONT LEG OF THE LOWER 
CONTROL ARM INTO THE CROSSMEMBER 
PRIOR TO INSTAWNG THE REAR LEG. 

CONTROL ARM MUST BE POSITIONED 
TO "Z" CURB HEIGHT DIMENSION 
WHEN BOLTS ARE TORQUED. 

Figure 8 - Removing and Installing Coll Spring/Lower Control Arm 



3C.10 FRONT SUSPENSION 

■EARING 
H-IDDEN 

IIIIIOVINQ ,IIONT IUIHING 

INSTALLING Ffl0NT 8UIH1NCI 

'FLAAING 'FRONT IUIHlJIG 

J-22811 

0 BUSHING Fl.ARI DIE 

J-2147'-2 

IIIIIOYIH MM •ARING . ··= . I 
I 
I 

'·· J.21474-1 J21474-12 

--------
INITALLING fllNI IUIMINGI 

Flgute 9 .. Removl,-g end ln■talling Control Arm. Bushings 



5. Remove hub and disc. 
6. Remove splash shield. 
7. Disconnect tie rod from knuckle. 
8. Support lower control arm. 
9. Disconnect ball joint from knuckle, using J 

24292-B. 
10. Remove two bolts attaching strut to knuckle, and 

remove knuckle. 

E3 Install or Connect 

NOTICE: See •Nonce• on page 3Cl of this 
section for steps 2, 3 and 8. 

1. Position knuckle to strut 
2. Install knuckle bolts to strut. 

~ Taghtan 
• Knuckle bolts to 275 N ·m (203 lb .. ft.) 

3. Connect ball joint stud and nut to knuckle. 

Ill Tighten 
• Ball joint stud nut to 113 N·m (83 lb. ft.). 

4. Connect tie rod. Refer to STEERING 
LINKAGE (SEC. 3B3). 

S. Install splash shield. 
6. Install hub and disc. 

~ Adjust 

• Wheel bearinp. Refer to •Wheel 
Bearing Adjustment• in this section. 

FRONTSUSPENSION 3C.1t 

7. Install caliper to steering knuckle. 
8. Install caliper mounting bolts. 

~ Tighten 

• Bolts to Sl N·m (38 lb. ft.). 
9. Install wheel. Refer to TIRES AND WHEELS 

(SEC. 3E). 
10. Lower vehicle. 

(L!l 1111pect 

• Brake fluid for proper level. 

FRONT CROSSMEMBER 
F11ure 11 a Remove or DiscoMect 

1. Brace to crossmember bolts. 
2. Bolts from crossmember to side rail. 
3. Crossmember. a ln11111 or Connect 

1. Crossmember to side rails. 

NOTICE: Sec •Notice• on page JC-1 of this 
section for steps 2 and 3. 

2. Brace to crossmcmber bolts. 
3. Bolts to crossmember and side rail. 

I~] Tighten 
• Crossmember brace bolts to 75 N ·m (55 lb. 

ft.). 
• Crossmemberbolts to 160N·m(118 lb. ft.). 



3C-12 FRONT SUSPENSION 

LOWER CONTROL 
ARM 

. FRONT 
CROSSMEMBER 

113 N·m 183 LB. FT.) NUT 

Permissible to 1lign cotter 
pin slot 11/6 tum mu;). 
do not back off nut for 
cotter pin in•rtion. 

Figure 10 - Removing and Installing Knuckle 

HUB-AND-DISC 

KC014&-3C-F-RP 



IT] SIDEfWl 

0 CAOSSMEMBER 

0 WASHER 

EJ BOLTl180N·ml 

0 LOCATING PIN 

Agura 11 - Front Suspension Crossmembar 

SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

.FRONTSUSPENSION -3C43 

KC01a.sc..NIP 

~in1z!s~indle Nut ................................................................................... t,6 N •m (12 lb. ft.) 

Link Nut ........................................................................................................ 22 N·m (16 lb. ft.) 
Bracket Bolt .•.••.•.••••.•.•.•..•................................................•....•.....•......•........... 53 N ·m (39 lb. ft.) 

Front Suspension Strut 
Upper Nut ..... ~ ............................................................................................... 63 N•m (46 lb. ft.) 
Lower Bolt/N'ut ......................................................................................... 275 N ·m (203 lb. ft.) 

Control Arm Pivot Bolt/Nut ............................................................................ 90 N·m (66 lb. ft.) 
Ball Joint Stud Nut ......................................................................................... 113 N • m (83 ·lb. ft.) 
Crossman.'bel- Bolt ...........•..•..•................•••.•.•.•.............•....•..•.......•........•........ 16() N ·m (118 lb. ft.) 
Strut Upper Mount Bolt ................................................................................... 24 N ·m (18 lb. ft.) 
Crossme111ber Brace Bolt ................................................................................... 75 N ·m (55 lb. ft.) 
Caliper Mount~g Bolt ...................................................................................... 5 l N • m (38 lb. ft.) 
Lower Control Arm Bumper Nut ................................................................... 28 N ·m (21 lb. ft.). 



·3C.14 fRONT 8U8PENSION 

S_PECIAL TOOLS 

IT1 e J21474-8 

[!]~ LB i•m .... 

·• 
J 21474-12 

[!gl 

0 · 9 . J21474-13 

fi] 

0 e . ) J 21474-18 

@) 

[!] I I .J 21474-19 

[!] (;), J 21474-2.0 

[I] BUS.HING REMOVER. 

[II BUSHING INSTAL~R SPACE.Fl 

II] BUSHING 1.NSTALLER. 

(I] 3/8"NUT 

[!] 3/8" LONG BOLT 

[!] PfNION BEARING REMOVER 

III FRONT COIL SPRING REMOVER/INSTALLER 

[!] BUSHINGINSTALLEFI 

[!] BUSHING REMOVER 

~ BUSHING RECEIVER 

ffi] LARGE REMOVER 

.E!l LARGE INSTALLER 

@] 

[El 

~ 

[i!} 

Erl 

I!!] WHEEL BEARI.NG PACKER 

-~ SALL JOINT Rl;MOVeA 

l!!] CONTROL ARM. SPACER 

l!!J BAU.JOINT PRESSINGSCFIEW 

fill BALL JOINT C-CLAMP 

ID J21474-5 

D J 9519-7 

□ Jl519-9 

I J .33087 

~ J24292-B 

~ J22888 

cts e J9519-1.8 

J9519,23 



RW SUSPENSION 3D-1 

S·ECTION 3D 

REAR SUSPENSION 
. 'l11e following •Nonce• applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: •NOTICE: See •Notice• on page 3D-1 
of this sectioa • · 

NOTICE: When. fasteners are removed, always reinstall them at the same location from which they were 
removed. If a. faat.cner needs to be repJaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when inatalling fasteners that require it. If the above conditions~ not followed. parts or system damage 
could result. · · · · 

CONTENTS 
Gen.el"Bl Inform.ation •••.•••••••••.••...•.••••.••••••••••.•••.. 3D-1 

Rear Axle Suspension System ....................... 3D-1 
On-Vehicle Servi0e ............................................. 3D-1 

R.ea.r Axle Housing .••••.•.••••.•..•..••...•.......•..•••.. 3D-1 

Shock Alleorbers ····················-······················ 3D-l Coil Springs and Insulators ........................... 3D-3 
Tmck Bar •.•.•••••.••.•..••••.•••••••••••••.•••.•.•.•••••••••••• 3D-3 
T.rack. Bar Brace ....•.••.•....•.•.....•....•••..••........••. 3D-4 

.l 

GENERAL. INFORMATION 
REAR AXLE SUSPENSION SYSTEM 
Figure 1 

The rear axle assembly is attached to the vehicle 
through a link type suspension system. The axle 
housing is connected to the body by two lower control 
arms and a track bar. A single ~~ arm is used in 
place of upper control arm. It is rigidly mounted to the 
rear ule housing at the rear and through a rubber 
bushing to the transmission at the front. Coil springs 
are used to support the weight of the vehicle, and ride 
control is provided by ,hock ablorbf!rs mounted to the 
rear of the ule housing. A stabilizer shaft is optional. 

The shock absorbers are mounted at the bottom 
with a bolt and nut to brackets welded to the ule 
housing, and at the top to the reinforced body area with 
a nut. The only service the shock absorbers require is 
replacement if they )lave lost their raistance, arc 
damaged, or are leaking fluid. For shock absorber 
diagnosis, refer to STEERING, SUSPENSION, 
TIRP.S AND WHEELS DIAGNOSIS (SEC. 3). 

ON-VEHICLE SERVICE 
REAR AXLE HOUSING 

For information on replacement of the rear axle 
housing, refer to REAR AXLE (SEC. 4B). 

SHOCK ABSORBERS 
Flgur,2 

E3 Remove or Di1CGnnect 
1. Hoist vehicle and support rear axle. 

Rear Lowea- Conti-ol Arm. ··············-········· ...... 3D-4 
Rear Lower Control Arm Bushing ............... 3D-4 
Torq11e Arm •.•......•.••.....•........... ; ...........•....•... 304 
Rear Stabili%er Shaft ...................................... 3D-S 
Rubber Bumper ......................................... ..•.. 3D-5 

S~cations ....................................................... 3D-9 
Special Tools .•...•.•..•••••..•.•.............•.•.•..•..••....••• 3D-10 

NOTICE: Axle assembly must be supported 
before removing upper shock absorber nut to avoid 
posst"blc damap to brake lines, track bar and prop 
shaft. 

2. From above, pull back carpeting and remove 
shock absorber upper mounting nut. 

3. Loosen and remove shock absorber lower 
mounting nut from shock absorber. Remove 
shock absorber. a Install or Connect 

NOTICE: See "Notice• on page 3D-1 of this 
section for steps 2 and 3. 

1. Position shock absorber through body mounting 
hole and loosely .install the lower shock absorber 
mounting n~t. 

2. From above, install the upper shock absorber 
retainer and nut. 

_§?J Tighten . _ 
• Nut to 17 N •m (13 lb. ft.). 

3. Lower shock absorber nut. 

Ill Tighten 
• Nut to 9S N ·m (70 lb. ft.). 

4. Remove rear ule support and lower vehicle. 



30-2 REAR SUSPENSION 

WITH RR DISC BRAKES 

1. RAIL 
2. JOUNCE IUMP!R . 
3. SPRING INSULATOR ASSEMBLY 
4. COIL SPRING 
I. 0P'l10NAL ITAIILIZER BAR 
I. LOWER CONTROL AIIM 

7, UNDERIODY 
I. TORQUE .ARM 
t. flROP SHAFT 

10. SHOCK AISOIIIER 
U. TRACK I.AR 
12. TRACK BAR IRACI 

Figure 1 - Rear Axle and Suspension Assembly 
ICC1 



m 
1-17 N M (13 FT.LB.) 

2-UNDERBODY 
FLOORPAN 

3-95 N M (70 FT.LB.) 

4-AXLEASM. 

TYPICAL SHOCK INSTALLATION 
(RH SHOWN) 

Rgure 2 - Shock Absorber 

COIL SPRINGS AND INSULATORS 
Figure3 

E3 Remove or Diaconnact 
l. Hoist vehicle on other than twin post type hoist 

and support rear axle assembly with an adjustable 
lifting device. 

2. Track bar mounting bolt at axle assembly. 
Loosen track bar bolt at body brace. 

3. Rear brake hose clip at underbody to allow 
additional axle drop. 

4. Right and left shock absorber lower attaching 
nuts. · 

NOTICE: Do not suspend rear ule by brake hose. 
Damage to hose could result. 

S. Carefully lower rear axle and remove spring(s) 
and or insulator(s). 

E3 Install or Connect 
NOTICE: See •Notice• OD page 3D-1 of this 
section for steps 2 and 4. 

1. Position springs and insulators in spring seats and 
raise rear axle until rear axle supports weight of 
vehicle at normal curb height position. 

2. . Shocks to rear axle. 

. ~ Tighten 
• Nut to 95 N·m (70 lb. ft.). 

REAR SUSPENSION 31>-3 

3. Thoroughly clean track bar-to-ule assembly bolt 
and nut as outlined in GENERAL 
INFORMATION (SEC. OA). 

4. Track bar mounting bolt at axle. 

~ Tighten 

• Mounting nut to 108 N · m (80 lb. ft.). 
• Bracket nut to 82 N•m (61 lb. ft.). 

S. Brake line clip to underbody. 
6. Remove adjustable lifting device from beneath 

axle and lower vehicle. 

-
I 

~ 

1-REAR UNDERBODY SHOCK TOWER 
AND SPRING SEAT. 

2-5PRING INSULATOR 

3-COILSPRING 

Figure 3 • Coll Spring and Insulator 

TRACK BAR 
F1gu114 

E3 Remove or Dilconnect 

1. Hoist vehicle and support rear axle at curb height 
position. 

2. Track bar mounting bolt and nut at rear axle, and 
at body bracket. 

3. Track bar. 

E3 Install or Connect 
NOTICE: See •Notice• OD page 30-1 of this 
section for steps 3 and 4. 

1. Position track bar in body bracket and loosely 
install bolt and nut. 

2. Thoroughly clean track bar- to-axle bolt ~ nut 
as outlined in GENERAL INFORMATION 
(SEC. OA). 



31J.4 REAR SUSPENSION 

3. Position track bar at ule. Install bolt and nut. 

Ill Tighten 

• Bolt t8 108 N•m (80·lb. ft.). 
4. Tighten track bar nut at body bracket. 

~ Tighten 

• Nut to 83 N·tn (61 lb. ft.). 
5. Remove rear ule support and lower vehicle. 

TRACK BAR BRACE a Remove or Dllconnect 

Flgun,4 

1. Hoist vehicle and support rear axle. 
2. Heat shield screws Crom track bar brace. 
3. Tmce tra<:k bar brace to bocly brace screws. 
4. Nut and bolt at body bracket. Remove track bar 

brace. 

E3 lnltlll GI Connitet 

NOTICE: See "Notice" on page. 30-1 of this 
section for steps 2 and 3. 

1. Position track bar brace and loosely install nut 
and bolt at body bracket. 

2, Position other end of track bar brace at body 
bracket. Install three screws and tighten screws. 

~ Tighten 

• Screws to 47N·m (35 lb. ft.). 

3. Tighten track -- nut at body 1nace. 

~ Tighten 
• Nut to 83 N•m (61 lb. ft.). 

4. Heat shield screws to track bar brace. 
S. Remove rear axle support and lower vehicle. 

REAR LOWER CONTROL ARM 
Flgure6 

[i] lrnp•nt 
If both control arms are ~ replaced, ~ve 

and replace one. control ~ ~t a ~e to prevent ·~ 
axle from rolling or slipping Sldeways, making 
replacement difficult. a Re"'9¥' or Dlacannect 

1. Hoist vehicle and support. rear ule at curb height 
position. 

2. Lower control arm-to-axle housing bolt and 
control ami .. t<>-underbOdy bolt. 

3. Control arm. 

E3 lnataU or Connect 

l. Position control arm and install front and rear 
nots and bolts. · 

NOTICE: See "Notice" on pap 31)..l of this 
section. ' . 

2. Tighte:n front and rear·botts. 

~Tighten 

• Bolts to 115 N •m (85 lb. ft.). 
3. Remove rear &xle support 8lld lower vehicle. 

REAR LOWER CONTROL ARM BUSHING 
Rgu1NBand1 

a Remove or Dllconnect 

1,. Control arm as specified in "Rear Lower Control 
Arm" removal procedure. 

2. Place receiver J 25317-2 over t1anpd side of 
bushing. 

3. Use an arbor press to force. the bushing c,ut o.f the 
arm. using large OD of a driver such as J 21~5-8 
coniacting OD of bushing outer sleeve. 

E3 lnatall. or Connect 
· To install the bushing. reverse the tool as shown 

in F'ipre 7 and push bushing into position. Connect 
the rear control arms as outlined in "Rear Lower 
Control Ann• installation proccchue. 

TORQUE ARM 
Flgum·Band9 

NOTICE: Coil springs must be mnoved before 
removing torque arm to avoid rear ule forward 
twist which may cause axle to shift position and 
damage vehicle. 

E3 Remove ar DllconlilCt 

l. .Hoist .vehicle on other than~ post~ hoist 
and support rear we assembly with an adjustable 
lifting device. 

2. Trac.k bar. m. ounting ~. It at .axle . assembly and 
looaen track bar bolt at body brace. 

3. Rear brake hose clip at underbody to allow 
additional axle drop. 

4~ Right and left shock absomer lower attaching 
nuts. 

NOTICE: Do not.suspend rear axle by brake hose. 
Damage to hOBC eollld resu11. 

5. Careftllly lower rear axle. Remove coil spring& 
6. Torque arm rear attaching bolts. 
7. Front torque arm outer bracket &lld .. ft!lllove 

torque arm. 



IT] BODY BRACE BRACKET 

[] TRACK BAR BRACE 

[II BODY BRACKET 

0 TAACKBAR 

IIJ 47 N·m 1315 LB, FT.) 

[!] 108 N•m (78 LI, FT.) 

[TI SPRING SEAT 

[I] BODV BRACKET 

[!] 83 N•m 181 LB. FT,) 

REAR "SUSPENSION 3D-i 

iVIEWAl 

ICC 

Rgure 4 - Track Bar and Track Bar Brace 

E3 Install or Canntet 
NOTICE: See "Notice• on page 3D-1 of this 
section for steps 2, 3 and S. 

1. Position torque · arm and loosely install rear 
torque arm bolts. 

2. Install front torque arm bracket. 

~ Tighten 

• Nuts to 27 N ·m (20 lb. ft.) as shown in 
Figures 8 and 9. 

3. Tighten rear torque arm nuts. 

~ Tighten 

• Nuts to 133 N•m (98 lb. ft.). 

4. Postion springs and insulators in spring seats and 
nise rear axle until rear axle supports weight of 
vehicle at normal curb height position. 

S. Shocks to rear axle. 

ml Tighten 
• Nuts to 95 N ·m (70 lb. ft.). 

6. Thoroughly clean track bar to axle assembly bolt 
and nut as outlined in GENERAL 
INFORMATION (SEC. OA). 

7. Brake line clip to undcrbody. 
8. Remove adjustable lifting device and lower 

vehicle. 

REAR STABILIZER SHAFT 
NOTICE: See •Notice• on page 3D-l of this 
section. 

The rear stabilizer shaft is available on some 
models and attaches as shown in Figure 10. 

RUBBER BUMPER 
The rear axle bumF- is located on the top of the 

axle housing as shown m Figure 11. 
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WITH 700 R4 TRANSMISSION 

IT] 41 N·m (30 LB. FT.) 

[I] 41 N·m(30LB.FT.) 

0 TOROUEARM 

0 27 N•m (20 LS. FT.) 

0 CONVERTER HANGER 

[!] 133 N·m (98 LB. FT.) 

m 

Figure 8 - Torque Arm Attachment--Automatic Transmlsaion 

DJ 

1. 41 N-m (30 LB. FT.) 
2. TRANSMISSION 
3. BRACKET 
4. TORQUE ARM 
5. CONVERTER HANGER 

ICC1 ""'" 
Figure 9 - Torque Arm Attachment-Manual 

Transmission 

REAR SUSPENSION 3~7 

XC1 



31).8-REAR SUSPENSION 

1. SADDLE 
2. AXLE ASSEMBL V 
3. 'D N-m (20 FT. LB.I 
4. · UNDERBOOV PANEL ASSEMBLY 
5. 22 N-m 111 FT. LB.I 
I. ~ N-m (35 FT. LB.I 

Figure 10 - Stabilizer Shaft 

IVIEW A} 



TYPICAL BIMIER INSTALLATION 
(LH.IHOWNJ 

1-LONGITUDINAL REINFORCEMENT 

2-WELDNUTS 

3-27NM (20 FT.LB.) 

4-AXLEASM. 

5-JOUNCE STOP REINF. 

Figure 11 - Rubber Bumper Assembly 

SPECIFICATIONS 

REAR SUSPENSION 30:.S 

Nut, Shoe:k Absor'ber-to-Axle ............................................................................................................... 95 N •m (70 lb. ft. 
Nut, Shock A~-to-Upper Mount ............................................................ 17 N•m (13 lb. ft.~ 

Bolt, Track Bar-to-Axle ...................... ·.. ... ............................. .. .......................... 80 N • m (59 lb. ft. 
Nut, Track Bar-to-Body Bracket .................................................................... 108 N ·m (80 lb. ft.) 
Nut, Track Bar Brace-to-Body Bracket ........................................................... 83 N·m (61 lb. ft.) 
Screws, Track Bar Brace-to-Body Brace Bracket ............................................ 47 N·m (35 lb. ft.) 
Bolt, Control Arm.-to-Rear Axle .................................................................... 11S N·m (85 lb. ft.) 
Bolt, Control Arm.-to-Underbody ................................................................... 115 N ·m (85 lb. ft.) 
Bolt, Torque Arm. Outer Bracket ......... ~ ........................................................... 41 N ·m (30 lb. ft.) 
Nut, Torque Arm.-to-Rear Axle Differential .................................................. 133 N ·m (98 lb. ft.) 
Bolt, Stabilizer Shaft-to-Body Bracket ............................................................. 22 N ·m (16 lb. ft.) 
Screw. Stabilizer Bracket-to-Body .......................................... , ......................... 47 N ·m (35 lb. ft.) 
Nut, Stabilizer Shaft Clamp-to-U-Bolt ............................................................. 27 N ·m (20 lb. ft.) 
Bolt. Axle Bumper Bracket-to-Underbody ....................................................... 27 N ·m (20 lb. ft.) 
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SECTION 3E 

T,IRES AND WHEELS 
The following •Notice• applies to one or more steps in the assembly procedure of components in this portion 

of the ~ual as indicated at appropriat.e locatiODS by the terminology: •NOTICE: See •Notice• on page JE-1 
of this section.. 

NOTICE: When fasteners are removed. always reinstall them at the same location from which they were 
removed. If a fastener needs to be r_eplaced, use the correct part number fastener for tha. t application. If the correct 
part number fastener is not available, a fastener of .equal size and strength (or stronger) may be used. Fasteners 
that are not reused. and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed. parts or system damage 
could result. 

CONTENTS 
Diagnosis ..................................................... Section 3 
General Description ........................................... 3E-1 

Replacement Tires •.•.•.••••...•.•.•••..•...•.••..•..•.•..•• JE-1 
All Season Tires .............................................. JE-2 
P-Metric Sized Tires ....................................... 3E-2 
Tire Placar'd .•.•.•....•.•........•.......•....•....•.....•.•.••• 3E-2 
Wheels ...... ........................................ ............... JE-2 

Maintenance and Adjustments .......................... 3E-3 
Wh~ Repair ........................... ........................ 3E-3 
Metrtc Wheel Nuts and Studs ........................ 3E-3 
Inflation of Tires ............................................. 3E-3 
Tire Rotation .................................................. 3E-4 
Tire Chain Usage ............................................ JE-4 

Service Operations .............................................. JE-4 
Wheel Re:tnoval ............................................... JB-4 
Optional 16 Inch Wheel ................................. JE-5 
Tire Mounting and Dismounting .... ............... 3E-S 
Tire Repair ..........•........•.......••••.•••••.. , .••••.•••••••. 3E-6 

GENERAL DESCRIPTION 
The factory installed tires and wheels are 

designed to operat.e satisfactorily with loads up to and 
including the full rat.ed load capacity when inflated to 
the recommended inflation pressures. 

Correct tire pressures and driving techniques 
have an important influence on tire life. Heavy 
cornering, excessively rapid acceleration, and 
unnecessarily sharp braking mcrcasc tire wear. 

REPLACEMENT TIRES 
F"111un, r 

A tire performance criteria (TPC) specification 
number is molded in the sidewall near the tire size of 
all original equipment tires. This specification number 
ensures that the tire meets GM's performance 
standards for traction, endurance, dimension, noise, 
handling. rolling resistance, and other qualities. 
Usually, a specific TPC number is assigned to each tire 
size. 

Replaccmc:nt tires should be the same size, load 
range and construction as the original tires. Replace 
the .original tires with tires of the same TPC 
specification number. Use of any other tire size or type 
may seriously affect ride, handling, 

Measuring Wheel Runout .............................. 3E-6 
Mat.ch Mounting .......................................... ~. 3£-6 
Tem,porary Compact and Stowaway 

Spares ...........................•..... _.. ............••..•.•••..• 3E-6 
Compact Spare ............................................ 3E-7 
Stowaway Spare .......................................... 3E-8 

Balancing Tire and Wheel .............................. JE-8 
General Balance Precautions ...................... JE-8 
Off'-V ehicle Balancing ................................. 3E-8 
Oo-V chicle Balancing ................................. 3E-9 
Whee;! Weight.s •••.••••••.•••••..•.•.••••..•.•..••••••.•• 3E.-10 

Correcting Non-Uniform Tires .................... 3E-10 
AllJlllinum 'Wheels, •.•.••••••••.••••.•.••.•••.•.•••.••••••• 3E-10 

Aluminum Wheel Hub Cap ..................... 3E-10 
Aluminum 'Wheel Porosity Repair ........... 3E-10 
Aluminum Wheel Refinishing .................. 3E-11 

Specifications .................................................... 3E-12 

speedomet.er/odometer calibration, vehicle ground 
clearance, and tire clearance to the body and chassis. 

CAUTION: Do not mix different types 
of tires such as radial. bias, and 
bias-belted tires because vehicle 
handling may be seriously affected 
and may rNult in lose of control. 
. Tires should be replaced when: 

I. They are worn to a point where 1.6 mm (1/16 
inch) or less tread remains, or the cord or fabric 
is showing. To help detect this condition, tires 
have built-in tread wear indicators that •~ 
between the tread grooves when the tread 1S 1.6 
mm (1/16 inch) or less. When the indicators 
appear in two or more adjacent grooves at three 
spots around the tire, the tire should be replaced. 

2. The tread or sidewall is cracked, cut or snagged 
deeply enough to expose the cord or fabric. 

3. The tire has a bump, bulge or spJit. Slight sidewall 
indentations are normal and should not affect 
ride. 

4. The tire has a puncture, cut, or other damage that 
cannot be correctly repaired because of the size · 
or location of the damage. 
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Figure 1 - Tire Identification 

New tires should be installed in pairs on the same 
axle. If it is necessary to replace only one tire, it should 
be paired with the tire having the most tread. 

ALL SEASON TIRES 
Figun 1 

Most GM vehicles are no1i .. equipped with steel 
belted all season radial tires as standard equipment. 
These tires qualify as snow tirc:s, with a 37 percent 
higher average rating for snow traction than the 
non-all season radial tires previously used. Other 
performance areas, such as wet traction, rolling 
resistance, tread life, and air retention, were also 
improved slightly. Both tread design and tread 
compounds were improved. These tires are identified 
by an 'M + s• molded in the tire sidewall following 
the size. The suffix "MS' is also molded in the sidewall 
after the TPC spc:cification number. 

P-METRIC SIZED TIRES 
Figure2 

All GM vehicles now use passenger-metric 
(P-metric) sized tires. P-metric tires are available in 
two load ranges: standard load with 240 kPa (35 psi) 
maxim.um pressure and extra load with 280 kPa ( 41 
psi) maximum pressure. Most passenger vehicle tires 
are standard load. 

Most P-metric tire sizes do not have exact 
corresponding alpha-numeric tire sizes. For example, 
a P2osnsa15 is not exactly equal in size and load 
carrying capacity to an FR78-15. For this reason, 
replacement tires should be of the same TPC 
specification number (same size, load range, 
construction) as those originally on the vehicle. If 
P-metric tires must be replaced with other sizes, a tire 
dealer should be consulted. Tire companies can best 
recommend the closest match of alpha-numeric to 
P-metric sizes within their own tire lines. 

The metric term for tire preuure is the kilopascal 
(kPa). Tu-e pressure may be printed in both kPa and 
psi. One psi equals 6.9 kPa. 

See the tire placard· or 'Specifications· in this 
section for tire inflation pressures. 
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Figure 2 • Metric Tire Size Format 

TIRE PLACARD 

Figure3 

The tire placard is permanently located on the 
rear face of. the driver's door edge and should be 
referred to for tire information. The placard lists the 
maximum vehicle load, tire size ('mcluding spare), and 
cold inflation pressure (including spare). 

WHEELS 

Wheels must be replaced if they are bent or 
dented, have excessive lateral or ndial runout, leak air 
through welds, have elongated bolt holes, or have 
wheel nuts that will not stay tight. Wheels with runout 
greater than specified may cause objectionable 
vibrations. 

Replacement wheels must be equivalent to the 
original equipment wheels in load cal)&C!ty, diameter, 
rim width, offset, and mounting configuration. A 
wheel of incorrect size or type may affect wheel and 
bearing life, brake cooling, speedometer/odometer 
cahl>ration, vehicle ground clearance and tire clearance 
to the body and chassis. 

Steel wheels can be identified by a two or 
three-letter code stamped into the front side rim near 
the valve stem. Aluminum wheels have the code, part 
number, and manufacturer ID cast into the backside. 
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mDATE 
(!] GROSS VEHICLE WEIGHT RATING 

-; GROSS AXLE WEIGHT RATING • FRT & AR 
D CERTIFICATION STATEMENT 

E VEHICLE IDENTIFICATION NUMBER 

VEHICLE CLASS TYPE: "PASS. CAR" 

MAXIMUM OCCUPANTS 

MAXIMUM VEHICLE CAPACITY WEIGHT 

I MAXIMUM LOADING AT GVWR 

TIRE SIZE 

SPARE TIRE SIZE 

TIRE LABEL CODE 

TIRE PRESS. WITH MAX. OCCUPANTS FRT & RR 

N SPARE TIRE PRESSURE 

Figure 3 - Tire Placard 

MAINTENANCE AND ADJUSTMENTS 
WHEEL REPAIR 

Wheel repairs that use welding, beating, or 
peening are not approved. An inner tube is not an 
acceptable .repair for 1~ wheels or tires. Porosity in 
aluminum wheels can be repaired. Refer to 
• Aluminum Wheel Porosity Repair• in t1ria section. 

METRIC WHEEL NUTS AND STUDS 
A metric wheel out is identified by the word 

•Metric" stamped on its face. The wheel stud has the 
letter "M" stamped into its end. The thread size of the 
metric wheel nuts and studs are indicated by a code, 
such as M12 x 1.5. 

INFLATION OF TIRES 
Figur,.f 

The pressure recommended for all models is 
carefully calculated to give a comfortable ride, 
responsive steering, maximum tread wear, tire life and 
res11tance to bruises. 
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The metric te~ for tire inflation pressure is the 
kilopascal (kPa). Tire pressure may be printed in both 
kPa and psi. One psi equals 6.9 kPa. 

For sustained high speed driving, tires should be 
set at the pressures recommended. Sustained driviq at 
high speeds, where. permitted !>r · 1aw, is not advised 
unless your vehicle has special high speed tires. 

Tire pressure. with tires cold, ·(after vehicle bas 
set for three hours or more, or driven less than one 
mile) should be checked monthly or before any 
extended trip and set to the specifications on the tire 
placard located on the rear face of driver's door or refer 
to •specifications" in this section. 

Valve caps or extensions should be installed on 
the valves to keep out dust and water. 

Higher than recommended pressure can cause: 
• Hard ride. 
• Tire bruising or carcass damage. 
• Rapid tread wear at center of tire. 

Lower than recommended preaura can cau11: 
• Tire squeal on turns. 
• Hard steering. 
• , Rapid and uneven wear on the edges of the 

tread. 
• Tire rim bruises and rupture. 
• Tire cord breakage. 
• High tire temperatures. 
• Reduced handUng. 
• High fuel consumption. 

Unequal pressure on same axle can cause: 
• Uneven braking. 
• Steering lead. 
• Reduced handling. 
• Swerve on acceleration. 

INFLATION PREIIURE CONVERSION CHART 
(KILOftASCALS TO PSI) 

Ml ..aL ~ - . .IIL 

140 20 211, 31 
145 21 220 32 
155 22 230 33 
180 23 235 34 
115 24 24(1 35 
170 25 21D 31 
180 28 271 40 
115 27 310 46 
1IO 28 345 ISO 
200 21 3IO 15 
20I 30 411 eo 

C:0.-slon: 1.9 kP1 • 1 Pli 

" ¥ C 

Agure 4 • Inflation Pressure Conversion 
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TIRE ROTATION 
Fifu,w6 

To equalize tire wear, rotate the 15 inch tires at 
7,500 miles and again every 15,000 miles thereafter. 
Ref'er ·to owner's manual for recommended rotation. 

Due to their cit.sign, radial tires tend to wear 
faster in the shoulder area, particularly in drive 
locations. 

Radial tires in non-drive locations may develop 
an irregular wear pattern that can generate tire noise. 
This makes regular tire rotation especially JlCCffSI~ 

Always use 4-wbeel rotation. After .rotation, be 
sure to check wheel nut torque and set tire pressure. 
Never use oil or grease on wheel studs or nuts. 

On Camaros with P245/S0ZR.16 tires and 16 
inch wheels, special rotation provisions must be 
followed. The tires are diRctional. and the front and 
rear wheels have different offsets, so the tires must be 
dismounted from the wheels for rotation. Remove the 
tires from the wheels, rotate the tire to the appropriate 
wheel (Figure S) and mount the tire on the appropriate 
wheel. Be sure the arrows on the tires point in the 
direction the tites roll. Balance the tire/wheel 
assemblies usinJ nylon-coated weights. Adjust tire 
pressures, and tighten wheel nuts to specified torque. 

TIRE CHAIN USAGE 
Figure B 

NOTICE: Tire chains should not be used with the 
16-inch wheel and tire assembly because the chains 
may damage the vehicle. 

Due to limited ~to-body clearance, SAE Class 
.. S" tire chains are recommended. They may also be 
designated as 1100 Series, Type PL tire chains. The 
chains are tbigned to limit the "fly off'' effect that 
occurs when the wheel rotates. 

Manufacturers of tire chains have a specific chain 
size for c:ach tire si7.e to ensure proper tit when 
installed. Therefore, be sure to purchase the correct 
chains for the tires on which they are to be used. 
Rubber adjusters should not be used to take up slack 
or clearance in chains which are loose due to incorrect 
size. Always follow . the chain manufacturer's 
installation instructions and speed restrictions. 

SERVICE OPERATIONS 
WHEEL REMOVAL 
Figure 7 

Penetrating oil has not been found to be effective 
in removing tight wheels, however, if it is used it should 
be applied sparingly to the wheels centerhole area only. 

CAUTION: Do not allow the 
penetrating oil to get on the vertical 
surfaces between the wheel and the 
rotor because penetrating oll In this 
area could cause the wheel to work 
loose as the vehicle Is driven. causing 
loaa of control. 

ACCEPTABLE ROTATION P~TTEl:llf 

FRONT 

4 WHEEL ROTATION 

DO NOT INCLUDE "TEMPORARY USE ONLY" 
SPARE TIRE IN ROTATION 

Figure 6 - Acceptable Rotation Patterns 
p 

NOTICE: Never use heat to loosen a tight wheel. 
It can shorten the life of the wheel, studs or hub 
and bearing assemblies. Wheel nuts must be 
tightened in sequence and to the proper torque to 
avoid bending the wheel or·rotor. 

Sometimes wheels can be difficult to remove due 
to foreign material or a tight fit between the wheel 
centerhole and the rotor. F..xceuive force such u 
hammering the wheel or tire can cause damage and is 
not recomin.ended. Slight tapping on the tire sidewall 
using a large rubber mallet is acceptable. 

The wheel can be removed without damage u 
follows: 

1. Retighten all wheel nuts on the affected wheel. 
Then loosen each nut two turns. Rocle the vehicle 
side to side. If this is not effective go to step 2. 

2. Rock the vehicle from •DRIVE• to 
•REVERSE• allowing the vehicle to move. 
several feet in each direction. Apply quick, hard 
jabs on the bnlke pedal to loosen the wheel. If the 
wheel still does not free up, then rock the vehicle 
again from side to side u hard as possible using 
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TYPE 11PL" 
1100 SERIES, BAE CLASS "S" 

TYPE .. P" 
1200 SERIES, SAE CLASS "U" 

TYPE .. RP" 
1800 SERIES, LUG-REINFORCED 

Rgure 8 - Examples of Passenger Vehicle Tire Chains 

one or more person's body weipt to loosen the 
wheel. If the wheel is still tight, repeat the 
procedlll'C-

E3 Remove or Disconnect 

• Raise vehicle and suitably support. Refer to 
GENERAL INFQRMATION (SEC. OA.). 

1. Wheel nuts. 
• Mark location of tire and wheel assembly to 

hub assembly. 
2. Tire and wheel assembly. 

Figure. 7 - Hole Wheel Nut Tightening Sequence 
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~ Clean 
CAUTION: Before installing a wheel, 
remove any build up of corrosion on 
the wheel mounting surface or rotor 
by ac:raping and wire brushing. 
Installing · wheel• without good 
metal-to-metal contact at the 
mounting ■urfaces can cause wheel 
nuts to loosen, which can later allow 
the wheel to come off while the 
vehicle is In motion. 

• Wheel nuts, studs and the wheel and rotor 
mounting surfaces. 

E3 Install or Connect 
1. Tire and wheel assembly. 

• Align locating mark of tire and wheel to hub 
assembly. 

2. Wheel nuts. 

1~1 Tighten 
• Wheel nuts in sequence to 110 N·m (81 lb. 

ft.). Refer to "Specifications" in this 
section. 

3. Hub cap. See • Aluminum Wheel Hub Cap" in 
this section. 

• Lower vehicle. 

OPTIONAL 18-INCH WHEEL 
FigureB 

The IROC is equipped with optional 16-inch 
wheels that require a spacer between the rear wheel and 
the cast iron brake drum. This spacer must be installed 
with the rotation •oUT• toward the wheel. . 

NOTICE: This spacer is not required on vehicles 
equipped with four-wheel disc brakes or cast 
aluminum brakes. 

TIRE MOUNTING AND DISMOUNTING 
RgureS 

Use a tire ebanging machine to mount or 
dismount tires. Follow the equipment manufacturer"s 
instructions. Do not use hand. tools or tire irons to 
change a tire because they may dantage the tires, beads, 
wheel rim or flanges. 
• Rim bead seats should be cleaned with a wire 

brush or coarse steel wool to remove old rubber 
and light rust or corrosion. Before mounting or 
dismounting a tire, the bead area should be well 
lubricated with GM number 998S418 (SO percent 
lubricant and SO percent water) or equiv~t 

NOTICE: Do not lubricate the tire beads or wheel 
rim with lubricant containing silicone. Silicone 
will allow the tire to rotate on the rim, throwing 
the wheel and tire assembly out of balance. 

• After mounting, inflate tire to 275 kPa ( 40 psi) so 
that beads are completely seated. 

CAUTION: Do not stand over the tire 
when-inflating. The bead may break 
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WHEEL SPAiCi!R IS USED 
WITH THE 18 • 8 .ALUMINUM. 
WHEEL WITH .CAST IRON 
BRAKE DRUM$.ONLY. 

0 LUGNUT 

[] SPACER 

[I] SPACER RE'TAINER 

Figure 8 • 18 Inch Rear Wheel Spacers 

when it 1naps over safety hump and 
cau• serious Injury. Do not exceed 
2715 kPa (40 pal) preaure when 
Inflating. If 275 kPa (40 pei) preuure 
will nc;,t seat beads.. deflate, 
relubrlcate and inflate. Overinflatlon 
may cause the bead . to br.-k and 
cause serious personal Injury. 

• Install the valve core and mflate to the pressure 
specified on the tire placard. Check the -locating 
nnp of the tire to be sure they show around the 
rim· flanges on both sides of the whccl. 

,' TIRE LOCATINGflfNG 
I 
I C 

Figure 9 - Tlr• 1.oc;atlng Ring 

TIRE REPAIR 
Th~ are many different materials and 

tecbniqUes on the market to repair tires. Nbt all work 
on soqie types of tin:s. Tire manufacturers have 
published detailed instructions on how and when 'to 
repair tires. The instructions can be obtained from the 
tire manufacturer. 

MEASURIN.G WHEEL RUNOUT 
,1g,,,. 10. 

Wheel mnout should be measured with an 
accurate dial indicator. Me&SUfelllents may be taken 
with the wheel installed on the vehicle, or off the 
vebicle using _an accurate mounting surface such as a 

wheel balancer. Measurrmenis may be taken with· or 
without the tire mowitt:d on the wheel. · 

Radial runout and lateral runout should be 
measured on both the inboard aQd outboard rim 
flanges. W"ltb the dial indicator firmly in position. 
slowly rotate the wheel one revolution and record the 
total indicator reading. If any measurement exceeds 
specifications, aod there is a vibration that wheel 
balancing will not com:ct, the wheel should be 
replaced. Dis.regard any indicator readinp due to 
weld$, paint runs. scratches, etc. 
• Steel Wheels 

- Radial runout 1.01 mm (0.040 inch). 
- Lateral nmout 1.14 mm (0.04S inch). 

• Aluminum Whee.ls 
- R.adial runout 0.76 mm (0;030 inch). 
- Lateral runout 0. 76 mm (0,030 inch). 

MATCH MOUNTING· 
F,r,ut911 

Tires and wheels are "match.;m.ounted" at the 
assembly p18:J1t. Thia mea.ns ¥ the radially stiffest 
part of the ~ or "high spot", is mate.heel to the 
smallest radius, or "low spot•, of the wheel · · 

The "high spot" of the tires _is originally marked 
by a yellow paint mark or adhesive label on· ,the 
outboard sidewall. The "low spot• of the wheel will be 
at the location or the valve stem. Replacement tires and 
wheels that arc of original eq~pment quality will have 
their "high and low spot" marked in the saqnc manner. 

Before dismoundng a tire from its wheel, a line 
should be.scribed .on the tire at the valve st.em to eD$Ul'C· 
.that it is remounted in the same position. 

TEMPORARY-COMPACT AND STOWAWAY 
SPARES 

The Camaro Without J>OSi~ uses die · 
Tl25n0DIS compact -spare tire. The Camaro with 
pqsitraction uses a Pt9SnIDt4 stowaway spare. The 
IR.OC uses a Pl9S/75D14 stowaway tire for a .-ie-
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Rgure 10-Wheel Runout 
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WITH TIRE'S PAINT 
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Figure 11 • Matchad Til'N and WhNIS 

Compact Spare 
Flgurt ,2 

All vehicles will be equipped with a high pressure 
~pact_ ~ The compact spare uses a JWTOW 
4-inch wide nm, although the wheel ctierneter is UIU81ly 
one inch larger than the road wheels. 

CAUTION: To help avoid personal 
Injury, follow all jacking and storage 
Instructions. Uae Jack only for lifting 
the vehicle during change. Never get 
beneath the vehicle or start or run 
engine whlle vehicle is supported by 
Jack. Always securely store spare or 
flat tire and all checking equipment. 
Failure ta follow th- precautions 
may result iii damage to the vehicle or 
personal Injury. 

NOTICE: The compact spare wheel should not be 
used with standard tires. mow tira, wheel covers 
or trim rings. If such use is attempted, damage to 
these itc:ms or other parts of the vehicle may occur. 
The compact spare should be used only on vehicles 
that offer it as original equipmenL 

Inflation pressure or the compaet spare must be 
periodically checked and maintained at 415 kPa (60 
pa). It can be mounted and dismounted from its wheel 
using present tire chan~pment and procedures. 
AB with other tires, the should completely seat 
at 275 kPa (40 pa"). 

CAUTION: Do not exceed 27& kPa (40 
pal) preaure when initially · inflating 
any tire, including compact spares. If 
27& kPa (40 p■Q preuure will not nat 
beads. deflate, relubrlcate and Inflate. 
Overinflatlon may cau■e bead to break 
and cauu ■erious personal injury. 

The _temporary spare is designed to weigh less 
than standard ~ and is easier to handle when the 
need arises. Check io:flation pn:saure aa SOOD u 
practical after imtalling spare and adjust to 415 kPa 
(liO pa"). Repair or replacement of the compact spare 
should be made only by an authorized dealer. 

NOTICE: Do not take the vehicle through an 
automatic car wash with c:om.pact spare insialled, 
11ie vehicle may act caught, which could result in 
property damap. 
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1. NUT 
2. ADAPTER 
3. VALVE STEM MUST BE UP 
4. WHEEL & TIRE 
6. WRENCH 
8. BOLT/SCREWJACKSTOWAGE 
7. BOLT 
8. JACK ASSEMBLY 

Figure 12 • Compact Spare Tire 

Stowaway Spare 

Rt,,n13 

. Some models will be equipped with an inflatable 
stowaway spare. The itowaway spare uses a 
pressurized tire inflator filled with carbon dioxide 
(COJ. and is refillable after use. Use 126696-A t.o refill 
inflarQr. 

NOTICE: The stowaway spare wheel should not 
be used with standard tires, snow tires, wheel 
covers or trim ring& If such use is attemct:-1' 
damage to these item$ or other parts of the v · le 
may occur. The stowawar spare should be used 
only on vehicles that Qffcr 1t as 9riginal equipment. 
If aervic:e is needed on a stowaway spare, contact 

an aut:hori7.Cd relailer of the tire manufacturer. 

BALANCING TIRE AND WHEEL 

FlgurN-14 and 15 

There are two methods by which tire and wheel 
assemblies att baJauc«t: static and dynamic. Static 
ba)uce is the equal ctistn"bution of weight around the 
wheel. Assemblies that are statically uribaJaoced cause 
a bowiciag action called tramp. 

Dynamic baJancc is the equal distnoution of 
weight on each side of the centerline so that when the 
tire spina there is no tendency for the assembly to move 
from side to side. Assemblies that are dyruunically 
unbalanced may cause shimmy. 

General Balance Precautions 

CAUTION: It Is recommended that eye 
protection be used. 
· Deposits of foreign material must be cleaned from 

the inside of the wheel Stana should be removed from 
the tread in order to avoid operator btjury· during spin 
balancing and to obtain a good balance. The tire should 
be inspected for any damage, then balanced according 
to the equipment manufacturer's n,oommendati0111. 

When a heavier, solid tocking wheel nut is used 
to replace a standard unit. it should be installed nearest 
the wive stern, and a Ill-ounce beJ•ua, weight should 
be ldded 180 degrees opposite the locking wheel nut on 
the wheel's inboard side. 

When rotating tires, eJways install the locking 
wheel nut nearest the tire veJve stem so that it remains 
opposite the 1/2-ounce baJaoce weight. This procedure 
will improve the on-vehicle wheel balance by 
compensatiug for the heavy locking wheel nut. 

Off-Vehicle Balancing 

When balancing tire and wheel assemblies off the 
vehicle, ose a balancer that pilots the wheel by the 
centerhole (not the lug holes) if possible. Always follow 
the equipment manufactmer's iDstroctiom. Some 
electronic off.vehicle balancers are more accurate than 
the on•vehicle spin balancers, but do not correct for 
rotor unbalance. If the VIoration is not corrected by the 
off•vebicle balance. an on-vehicle baJauce may also be 
needed.· 
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· Figure 14 - Static Unbalance Correction 

On-Vehicle Balancing 

When balancing tire and wheel assemblies on the 
vehicle, do not RIQOVC the whed weights added from 
the electronic off-vehicle balance. Split the new 
011-vehicle weights equally between the inner and outer 
rim flanges of the wheel to avoid disturbing the 
dynamjc balance from the electtonic off-vehicle 

I HEAVY SPOf I 

w,tlll. MIIIMY 

COIIIICffilE Wlllltrra 

Figura 1 & - Dynamic Unbalance Correction 

balancer. Always follow the equipment manufactuRt's 
instructions. 

NOTICE: The driven tire and wheel MtembUes 
should be spun using the engine. Limit speed as 
stated in the following caution: 

CAUTION: Do not spin the drive 
wheels faster than && km/h (3& mptwJ, 
aa Indicated by th• speedometer. Thia· 
llmlt ia neceaaary because the 
speedometer indicates only one-half 
o:f the actual wheal speed when a:ne 
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drive wheel is spinning and the other 
drive wheel is atopped. Persona] Injury and 
damage may result from high speed 
spinning. 
CAUTION: On vehicl• equipped with 
limited ■lip rear axl•, do not attempt 
to balance a tire on a drive wheel with 
the other drive wheel on the ground. 
The vehicle may drive through this 
wheel and cause the vehicle to move 
unexpectedly. re■ulting in personal 
injury and property damage.-
To distinguish between atandanl rear axle and 

limited slip, raise rear of vehicle so both tires are clear 
of ground. With the tnmsmission in •PARK" (in gear 
with manual tnmauission). attempt to turn one wheel 
by hand. If the wheel can be turned, it ia a standard rear 
axle; if the wheel cannot be turned, it is a limited slip 
rear axle. 

Wheel Weights 
Flgu111B 

When static~ if more than 85 grams (3.0 
oz.) are needed, thew · weights should be split as 
equally as possible between the inboard and outboard 
flanges. . 

Balancing of assemblies with factory aluminum 
wheels requires the use of 1pecial 11ylon coated clip-On 
wheel weights. These weights are designed to fit over 
the thicker rim flanges of the aluminum wheel and 
should be installed with a plastic-tipped. hammer. 

Adhesive wheel weights are also available. Use 
the following procedure to install adhesive wheel 
weights. 

Adhesive Wheel Weight Installation 
1. Clean wheel by sandjng to bare aluminum where 

wheel weight ts to be located. 
2. W"tpe wheel weight attachment area with a 

mixture of half isopropyl alcohol and half water. 
A clean cloth or paper towel must be used for this 
operation. . 

3. Dry the attachment;area with hot air. Surface of 
wheel should be warm to the touch. 

4. Warm the adhesive backing fJD wheel weights to 
room temperature. 

S. Remove tape from back of weights. Do not touch 
the adhesive surface. 

6. Apply wheel weight and press on with hand 
pressure. 

7. ~ wheel weight with a 70-110 N (16-25 lb.) 
force applied with a roller. 

CORRECTING NON-UNIFORM TIRES 
If a replacement tire cannot be obtained, there are 

ways to correct a tire that causes a vi'bration even 
though it is properly balanm:I The best method uses 
an automatic machine that buffs small amounts of 
rubber from a selected spot on the outer two tread 
rowa. Correction by this method is usually permanent 
and, if done P!OPCflY, does not npificantly affect the 
appearance of tire QI' ·tread life. TU"C truing with a 

I. CIIIITEIIUIII 
z. .-01,I.ANlla 
I. CUP.QN IIDIHT 
4. AIIHBIYl!wa,Cllff-DYNAIIIC 
L ADNUIVaWIIICllfT-Sl'ATICONLY 
L lmUNTING ,ACE 

Figure 18 - Adhalve Wheel, Weight_ Placement 

blade-type machine is not recommended because it 
reduces the tread life substantially and often does not 
permanently correct the problem. 

Dismounting the tire and rotating it it 180 
degrees on the rim often eHmjnates vibrations. It is 
important that this method be used only on tire 
assemblies that are known to be causing a V1"braijon 
because this method may cause good assemblies to 
Vl'brate. 

Refer to STEERING, SUSPENSION, TIRES 
AND WHEEL DIAGNOSIS (SEC. 3). 

ALUMINUM WHEELS 
Aluminum Wheel Hub Cap 

EJ Hemon or Disconnect 

NOTICE: Failme to hit cap squarely without the 
load distributed evenly could result in permanent 
damage to the cap. 

• Tire and wheel assembly. Refer to •~ 
Removal" in this section. 

• Place a block of wood approximately S 1 mm 
(2 inches) in diameter with a squared off end 
against the back surface of the cap. A sharp 
hammer blow on the block of wood will remove 
the cap. 

E3 Install ar Connect 
NOTICE: Failure to hit cap squarely without the 
load distn'buted evenly could result in permanent 
damage to the cap. 

• Tire and wheel assembly. Refer to "Wheel 
Removal• in this section. 

• Place the cap into position at the wheel opening 
and place a block of wood at least 76 rnm 
(3 inches) in diameter against the cap face. Install 
the cap by striking the block of wood with a 
hammer. 

Aluminum Wheel Porosity Repair 

E3 Remove or Diaconnect 

• Raise vehicle and suitably support. Refer to 
GENERAL INFORMATION (SEC. OA). 

1. T°U"e and wheel assembly. Refer to •Wheel 
Removal• in this section. 



• Locate letJdna a.rm bJ inflating tire to 275 kPa 
(«> pa) and dipping into nta' bath. 

• Mark leak arms. 
• Mark the tire at the valve core. 
2. Tue from wheel llefer to "Tue Mounting and 

Dismounting" in this secrion 
• Scuff imidc rim nrface at leak area with 80 pit 

unclpaper and clean area with pneral parpoae 
cleaner such u 3M part numba- 08984 or 
equmJmt. • = 3 mm (l/8-inch) thick layer of 

've/sealant part number 1052366 or 
equivalent to leak tat area and allow twelve 
hOID'S of drying time. 

E3 lllltall or Cannect 

1. Ttre OD wbeel. llefer to "Tue Mounting and 
Dismounting" in this section 

• Alip the rn•tclnDB~ OD the tire-with the valve 
core. 

• Pressurize to 275 kPa («> pa) and check for leab. 
• Adjust UR praaure to meet specilicadom OD tire 

placard. 
• BIJ•nce tire and wheel usemblies. Refer to 

"BeJancing Tn and Wheel" in this acction. 
2. Tue and wheel aueqibly. R.ef'er to "Wheel 

ReQioval" in this aection. 
• Lower vehicle. 

Aluminun Wheel Refinishing 
A protective clear or color coating ia applied to 

the surface of original equi.pmmt cat almninum 
wheels. A amface degradation condition can begin to 
develop if frequent, repeated automatic car wuh 
cleaninJ abrades or wean off the factory applied 
protective clear coating. clear coating ia damaged, 
exposure to caustir- cleaners ancVor road salt further 
causes mrfacc: degradation. The semcc procedure 
details how to strip, clean and recoat aluminum wheels 
that are affected by these conditi0111. Select and follow 
only thole procedures for the conditiom that apply to 
the wbeela you ate refinishing. 

llequira!Materiala: 
4rncbem Alumi Prep number 33 - stock 
number DXS33 or equivalent - cleaning 9'nd 
conditioning chemical for almninum. 
Amchem Alodine number 1001 - stock 
number DX.SOI or equivalent - coating 
chemical for aluminum. 
Ditzler Delclear Acrylic Urethane Clear -
stock nmnber DAU-75 or equivalent. 
Ditzler Delthaue Ultra-Urethane Additive 
- stock number DXR-80 or equivalent. 

Initial Preparation 

E3 RlmcM or Dllconnect 

1. Wheel and tire usembly from the vehicle. R.efer 
to "Wheel Removal" in this section. 

• Matcbmarlc tire for reinstallation of outboard 
whcd weights after recoating of wheel. 
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2. Outboard wheel weights. 

~ CINn 
• Greae aud oil from the wheel with an aJurninum 

cleansing 901vent. . 
• RernaurnJ4 dirt from the wheel by wubing .inside 

and out with a wata-bued all-pmpollC clcamer. 

Acclnt Colar Preparation 
• Sand over painted areas that do not require 

recoloring with 400 ·1 wet or dry sandpaper to 
promote aclbesion i:,f' dear coat. 

Surflcl Da1111g1 
CAUTION: Do not uu vehicle power 
ta rotate the wheel while Nncllng or 
penonal injury may result. 

1. Mount wheel on bnke lathe and spin slowly. 

NOTICE: Do not use abrasive coanc:r than 80 grit 
or wheel may be darnqed. 

2. Sand wheel with bamng block or pad by holding 
abrasive Oat to surface rx wheel and moving 
slowly back and forth from center to outer edge 
to remove impedectiona. 
• Fmt 1811d with 80 grit IIDdpaper. 
• Follow with 150 grit sandpaper. 
• Fmish S&Dcting with 240 pit undpaper. 

Slight CINr Coat l>lffllll on Unpalntld Whtlll 
CAUTION: UN of rubber glovee and 
eye protection la naceuary ta prevent 
penonal Injury. 

1. Apply chemical stripper. 
• Allow snipper to penetrate coating. 
- Use a small 1/4-inch detail b1'olh dipped in 

stripPer to apply material around the 
penmeter and spoke-like 8mll. 

2. RcmOW: sbipJM9", following the rnanu.factuRra 
recornmendatiom 

CAUTION: Do not UN vehicle power 
to rotate the whNI while Nndlng ta 
avoid •rlou■ personal Injury. 

3. Sand the wheel with 240 grit llllldpaper while 
rotating the wheel on a slowly spinmng brake 
lathe, or by mounting it on the vehicle uui 
spinning it by hand. 
• Thia procedure n:atores the mechanical 
-~ and promotes adbaion of the 
finish coats. 

Recoating Procedure 
CAUTION: UN of rubber gloves and 
eye protection Is necn•ry to prevent 
personal Injury. -

1. Clean the surface of COPtarninantt by waahing 
with soap and water. 

2. Spray the wheel with Amcbem number 33 or 
equivalent. 
• Let the wheel soak for 1 to 3 minutes. 
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• Rinse with water and blow dry with hot air 
device. 

3. Spray the wheel with Amchem number 1001 or 
equivalent. 

• Let the wheel soak 1 to 3 minutes. 
• Rinse with water and blow dry with bot air device. 
4. Mark off the tire. 

CAUTION: When applying any two 
part component paint system. wear 
proper raaplratory protection such as 
3M Paint Reepiratar. part number 
06984, or Eaai-Alr RNpirator. part 
number 08988 or equivalent. Follow 
the specified precaution• provided by 
the paint manufacturer. Failure to 
follow these precautions may cause 
lung Irritation and· allergic rNplratory 
reaction. 

,. Finish the wheel with Ditzler Delclear acrylic 
urethane clear and Ditzler ultra urethane 
additive, or eqoivalen.t. Refer to. labe1s for specific 
directions. 
• F"mt coat - light mist coat, let flash. 
• Second coat - light, let flash.. 
• Third coat - heavy duty, wet coat. 

6. Let the wheel dry for 24 hours; or flash for 30 
minutes. Force dry at me (140'F) for 30 
minutes, and allow to cool for 30 minutes before 
mounting. 

E3 Install ar Connect 
• Balance tire and wheel asaembly. Refer to 

•Balancing Ttre and Wheel• in this section. 
• Replace the original balance weights with 

nylon-coated weights to avoid discoloration 
of the wheel 

• Tire and wheel usc:mbly. Refer to •Wheel 
Removal• in this section. 

SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

Wheel Nut - M12 x 1.!5 .................................................................................. 110 N·m (81 lb. ft.) 

RUNOUT SPECIFICATIONS 

Maximum Radial Runout 
St.eel Wheels ••••••.•..•.•••.•.•.••••.••.•.••••••..•....•....•..••••..••.....•.••..••..•.•.•••.••••••.••...• 1.01 mm (0.040 in.ch) 
.Alumin.111D Wheels ......•.•••.•.•••••...••••...•....•••••.•...•..•••.•.•....•..•.•....•...•.......•.••• 0. 76 mm (0.030 in.ch) 

Maximum Lateral Runout · 
Steel Wheels ................................................ ............................................... 1.14 mm (0.045 inch) 
Aluminum Wheels ..................................................................................... 0.76 mm (0.030 inch) 

TIRE PRESSURES 

Compact, Spa,re ••••.••••••••••.•••••••.••••.••••••...••••••••••••••••••••••••••••••••••••••.•••••••••••..•••••••••••• 415 kPa (6() pat') 
Front ................................ ............ .................................. ........................................ 205 kPa (30 psi) 
~ • . ••••••••.••••••••. •••••••••• ••••••••••••• •••.• •• .• . •.. • .• .•• •• • ••• •••••• •••• .• . •.••.. •••• •.• . .. ..••• ••... .. •• ••. .. •• •• 20S kPa (30 psi) 
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SECTION 3F1 -

STEERING COLUMN - STANDARD 
The following .. Notice" applies to one or mon: lteps in the assembly procedure of~ in this portion 

oftbr. manual .. indicated -.t appropriate locations by the terminology: "NOTICE: See "'Nottce" on page 3Pl-1 of 
this section •• , 

NOTICE: When futenen are removed, ilwa;s reinstall them at the same location from which they were 
removed. If a fastener needs to be repJaced, uae th~ correct part number fastener for that application. If the correct 
part numba' fastener is not available, a futmer of cqµal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those 1equiJiu. thread locking compound will be called out. The correct torque value must 
be DSed when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 
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GENERAL INFORMATION 
STEERING COLUMN 

The locking. energy-absorbing steering column 
includes three important features in addition to the 
steering function. 

1. In a front-end c:ollision. the energy-absorbing 
column is designed 1D co)lapee. minimizina the 
chance of injury to the driver. 

2. . The ignition switch and lock are C011venimtly 
mOUDted on the column. 

3. When locbd, the colurnn-mountm lock ad8 as 
a theft deterrent by preventing the operation of 
both ignition and ·steering. 

The multifunction tum signal lever controls the 
headlamp dirnmc:r, windshield wipers and cruise 
control 

To ensme the energy-absorbing action, use only 
the specified screws, bolts and nuts and tipten them 
to the specified torque. Apply a thin coat of lithium 
grease to all friction points whm m,ssembling. 

When the column uaembly is removed from the 
ffhicle, handle it with special care. Using a steering 
wheel puller other than the one rtffllDmended in this 
manual. bitting the end of the steering shaft or shift 
lever sharply, Jeaaing on the auernbly or dropping the 
assembly could shear or 1oOlen the plastic fasteners 
that keep the column rigid. 

Upper Steering Column Components ........ 3Fl-6 
Mid Steering Column Components............ 3Pl-7 
Lower Steering Column Components ........ 3Fl-12 

Unit Repair - Standard Column 
(Automatic Tm,smipinn) ........................... 3Fl-13 
Upper and Lower Steering Column 

Com.pc,nm:ts .••••••••.••••.•.•••.••..•..••••••...•..•••••• 3Fl-13 
Lower Steering Column Switches ............... 3Fl-13 
Upper Steering CollDDD Switches ............... 3Fl-16 
Mid Steering Column-Components ............ 3Fl-18 

Spiec:ifi.ca.tions .............................. , ••••••••••••••••••••••••.•.•••••.•• 3Pl-19 
Special Tools ................................................... 3Fl-20 

IGNITION LOCK SYSTEM 
Fig,n 1 

All steering columns contain a rnccbaaical 
nmtral start system. Thia system relies OD a mechanical 
block to prevent starting the engine in other than 
•pARK.• or •NEUTRAL•. The mechanical block is 
a wedge lhape finger (129) added to the ~OD switch 
actuator .rod (130). In either PARK• or 
•NEUTRAL•, this wedge shape finger (129) pasaes 
through the bowl plate alots, allowing the lock cylinder 
(125) mil rotational travel into the •srAR.T· position. 

ON-VEHICLE SERVICE 
MULTIFUNCTION TURN SIGNAL LEVER 
Rguf92 

E3 RIIIIOVI or Dilconnect 
• Tum signal lever (134). 

• Make sure that the tum signal lever (134) is 
in the center or •opp• position. 

• Pull tum signal lever (134) straight out of the 
tum sipa1 switch (131). 

• If equipped with cnme control wiring (136), 
attach mechanic's wire to connector and 
pull harness through column. 

E3 Install or Connect 
• Tum signal lever (134). 
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0 PARK POSmON 

0 NEUTRAL POSmON 

~ LOCK CYLINDER 

~ RACK 

~ BOWLPlATE 

~ SECTOR 

~ WEDGE SHAPE FINGER. 

~ ACl\JATOR ROD 

" Rgure 1 - Mechanlcal Neutral Start 

• If equipped with cruise control wiring (136), 
attach connector to mechanic's wire and 
pull harness through column. 

• Push tum sipa1 lever (134) into tum signal 
switch. 

STEERING WHEEL 
Flgur,3 

E3 Remove or Disconnect 
Tool Required: 

. 11859-03 Steering Wheel Puller 
1. Negative (-) battery cable. 
2. Hom pad (137). 
3. Hom lead (138) from cam tower (141). 
4. Retainer (139) and jam nut (140). 
5. Steering wheel using J 1859-03. 

E3 lnttall or Connect 
1. Steering wheel to column. 
2. Jam nut (140) and retainer (139). 

3. Hom lead (138) to cam tower (141). 
4. Hom pad (137). 

• Alim. horn pad (137) straight down into 
position. 

S. N~ (-) battery cable. 

INTERMEDIATE SHAFT 
Flgure4 

E3 Remove or D~nect 
1. Negative (-) battery cable. 
2. Coupling shield (14S). 
3. Bolt (142) from the flexible coupling clamp 

attachmg the lower intermediate shaft (156) to 
the steering gear. 

• Push the intermediate shaft auembly rearward to 
disengage the clamp from the steering gear. 

4. Bolt (146) and nut (143) from the pot joint 
coupling attaching the upper intermediate shaft 
(155) to the steering column. 

s. Intermediate shaft IIICIDbly. 
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Figure 2 - Multifunction Tum Signal Lever 

fE Dl11111mbla 
1. Upper intermediate shaft (155) and lower 

intermediate shaft (156) by pressing a 3/8" 
diameter rod up· through the bottom of the 
flexi"ble coupling. 

2. Seal (157) and spring (158). 

(II Allemble 

• Before assembling the lower intermediate shaft 
and upper intermediate shaft apply lithium grease 
to the prcload spring. 

1. Spring (158) and seal (157). 

2. Upper intermediate shaft (lSS) and lower 
intermediate shaft (156). 

• Align the slot in the lower coupling in 
relation to the upper coupling as shown in 
Figure 4. 

• Press together. 
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Figure 3 - Sport Steering Wheel Removal 

E3 Install or Connect 
NOTICE: See "Notice" on page 3Fl-l of this 
section for steps 2 and 3. 

1. Flexible coupling onto the steering gear 
wormshaft splined ends. 
• Align the flat on the coupling with the flat 

on the wormshaft. 
2. Coupling clamp pinch bolt (142). 

~ Tighten 
• Bolt {142) to 40 N ·m (30 lb. ft.). 

3. Bolt (146) and nut (143) to pot joint coupling 
attaching the upper intermediate shaft to the 
.steering column. 

§?J Tighten 
• Nut (143) to 60 N ·m (44 lb. ft.). 

4. Coupling shield (145). . 
• Latch of coupling shield (145) must be 

seated around the steering gear return pipe 
nut 

5. Negative (-) battery cable. 

CHECKING STEERING COLUMN FOR 
ACCIDENT DAMAGE 
Figure Ii 

NOTICE: Vehicles involved in accidents resulting 
in frame damage, major body or sheet metal 
damage, or where the steering column has been 
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~ BOLT ~ UPPER INTERMEDIATE SHAFT 

~ NUT ~ LOWER INTERMEDIATE SHAFT 

~ COUPLING SHIELD E!3 SEAL 

~ BOLT ~ SPRING 

Figure 4 - lntennediate Steering Shaft 

impacted may also have a damaged or misaligned 
steering column. Failure to check the steering 
column for damage may result in component 
malfunction. 

IL!) 1111pact 

1. Capsules on the steering column bracket 
usembly. Capsules should be within 1.59 mm (0. 
063 inch) from the bottom of the slots. 
- If capsules are not within 1.S9 mm (0.063 

inch) the bracket should be replaced. 
2. Contact surface of bolt to the bracket. the 

-bolthcad must not . contact the surface of the 
bracket, or the shear load will be increased. 
- If contact between bolt and bracket is made, 

replace the braeket. 
3. For jacket collapse by measuring the distance 

from the end of the bearing assembly to the lower 
edge of upper jacket. 
- Jf jacket dimensions are less than 100.95 
- mm (3.974 inch), a new jacket most be 
. in&talled. 

4. Shift tube and steering shaft for sheared injected 
plastic. 
- If shift tube shows sheared plastic, a new 

shift tube must be installed. 
- If steering shaft shows sheared plastic and 

is not bent. it can be repaired using a 
steering shaft service repair package. 

5. Steering shaft runout if any frame damage may 
have caused a bent steering shaft. 

• Remove intermediate shaft. 

• Hold ruler or dial indicator against lower 
end of steering shaft and have steering 
wheel rotated. Runout should not exceed 
1.59 mm (0.063 inch). 

- If nmout does exceed l.S9 mm (0.063 
inch), replace the steering shaft. 

• If runout does not exceed 1.59 mm (0. 
063 inch}, install the intermediate 
shaft back to the vehicle. 

STEERING COLUMN REMOVAL 

Figure, 4 and 6 

NOTICE: When the steering column is removed 
from the vehicle, the column is extremely 
susceptible to damage. Dropping the column 
assembly on its end could collapse the steering 
shaft or loosen the plastic injections that keep the 
column rigid Leaning on the column assembly 
could cause the jacket to bend or deform. Any of 
the above damage could impair the column's 
collapst.'ble design. If the steering wheel must be 
removed, use only the specified steering wheel 
puller. Never hammer on the end of the shaft 
because hammering could loosen plastic injections 
that keep the column rigid. 

E3 Remove or Dilconnect 
1. Negative(-) battery cable. 
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Figure S - Checking Steering Column for Acc:ldent Damage 

2. Bolt (146) and nut (143) from clamp attaching 
upper end of intermediate shaft to the steering 
column (133). 

3. ·Steerina wheel, if column ii to be replaced or 
repaired oa the bench. .Rder to •steering Wheel' 
inthialeCticm.. , 

4. Sound insulator p$Jlel. 
5. Trim panel from below steering colUIDD. 
6. Screws •ttaching toe pan cover f:O the firewall. 
7. Shift linbp from lower shift lcYa'. 
8. Electrical connectors. 
9. Capsule nuts (151) attaching steering column 

·111pport bndcct (152) to the imtrummt panel. 
10. Steering colmmi (133) from the vehicle. 

E3 1"'11111 or Connect 
1. Steering column (133) into the vebicle. 
2. Capsule nutl (151) attecbing steering column 

support bracket (152) to the instrument puael. 

NOTICE: See •Nouce• on page 3Fl-t of this 
seetion. 

3. Bolt (146) and nut (143) to clamp attaching the 
upper end of intermediate shaft to the steering 
column (133). 

~ Tlghtan 
• Nut to 60 N ·m (44 lb. ft.). 

4. Screws attaching toe pan cover to-the firewall. 
s. P.lectrical COll1lCCtors. 

6. Shift linkage at lower shift Jever. 
7. Trim panel. 
8. Sound insulator panel 
9. ~ wheel. if ranoved. Rde:r to •Steering 

~ 7 in thia section. 
10. Negative(-) battery cable. 

STEERING COLUMN SERVICE ON BENCH 
To ae:rvic:e the ateering column on the beach, refer 

to •unn Repair-Standard Column (Manual 
T1"BD1ndssion) Qr •Unit Repair-Standard Column 
(Automatic Ttansmiwon)• for repair procedmCI. 



3F1-I fflERING COLUMN - STANDARD 

0 ASSEMBLING 
BRACKETTO 
STEERING COLUMN 

~ STEERING COlUMN 

~ BOLT 

!1s1! NUT 

~ BRACKET 

~ GUIDE 

~ BOLT 

Figure 8 - Column Installation 

UNIT REPAIR-STANDARD COLUMN 
(MANUAL TRANSMISSION} 

UPPER STEERING COLUMN COMPONENTS 

Shaft Lock, Tum Signal 
CanceUing Cam. Upper leering Spring, 
Tum Signal Switch. Buzzer Switch, and 
lock Cyllnd• Set 

Flgurt1 7 through f 7 

NOTICE: Wheels of.vehicle muat be in a straight 
ahead position and key must be in 1he •LOCK.• 
position when removing or installing stec:rlng 
column. Failure to do so may cause improper 
alignment of some components during installation 
resulting in column malfuncuon. 

NOTICE: When the steering column is removed 
from the vehicle, the col~ is extremely 
susceptible to damage. Dropping the column 
assembly OD its end could collapse the steering 
shaft or loosen the plastic injections that keep the 
column rigid.• Leaning on the column assembly 
could cause the jacket to bend or deform. Any of 
the above damage could impair column's 
collapsll,le daign. H the steering wheel must be 
removed. use only the specified steering wheel 
puller. Never hammer OD the end of shaft because 
hammering could loosen plastic injections that 
mp the column rigid. 

a Remove or Diaconnect 
Tools Required: 

I 23653-B Lock Plate Compressor 
J 1859-03 Steering Wheel Puller 

CAUTION: Failure to dlaconnect 
battery cable when working with 
wiring may cauH alectrlcal shock. 

1. Negative (-) battery cable. 
2. Screws from back of steering wheel, if equipped. 
3. Hom pad from steering wheel 
4. Hom lead from cam tower. 
5. Retainer (1) and jam nut (2). 
6. Steering wheel using J 18S~l. 
7. Steering column from vehicle. Kaer to •steering 

Column Removal• in this acction. 
8. Shaft lock cover (3). · 
• Depress ab.an lock (5) using J 23653-B. 
9. Shaft lock retaining ring (4). 

10. Shaft lock (5). 
11. Tum signal cancelling cam (6). 
12. Upper bearing ~priq (7). 
• Position tum signal in the •RIGIIT•TIJRN• 

position. 
13. Screw (9) and signal switch arm (10). 
14. Turn signal lever. 
IS. Screws (8). 
16. Wiring protector (33). 
• Gently pull wire harness through the column if 

r=oving tum signal switch (11). 
17. Tum signal switch (11), if necessary. 



- Let turn signal nritch (11) hang freely if 
n:moval is not necessary. 

18. Key from lock cylinder set (19). 
19. Buzzer switch (14) and clip (15). 
· • R.c:inaert key into lock cylinder set (19). 
20. Lock retaining ~ (16). 
21. Lock cylinder set (19). 

E3 llll1all or Connect 

Tool llequired: 
1 23653-B Lock Plate Compressor 

1. Lock cylinder aet (19). 
2 Loct remning tcreW (16). 
• Tum key to the ·aUN• position. 
3. Clip (15) and buzzer switch (14). 
4. Tum signal switch (11). 
• Gently pull wire harness through column if 

removed. 
5. W-tring protector (33). 
6. Screws (8). 
• Lubricate signal switch arm with lithium grease. 
7. Signal switch (10) and screw (9). 
8. Upper bearing spring (7). 
9. Turn signal canr.eJling cam (6). 

10. Shaft loct (5). 
• Depress shaft lock (5) using J 23653-B. 

11. Shaft lock retaining ring t4). 
12. Shaft lock cover (3). 
13. St.ccring column into vehicle. Refer to •steering 

Column Removal• in this section. 
14. Steering wheel. 
15. Jam not (2) and retainer (1). 
16. Tum signal lever. 
17. Hom lead ·to cam tower. 
18. Hom pad. 
19. Screws if, equipped. 
20. Negative(-) battery cable. 

MID STEERING COLUMN COMPONENTS 
Dimm• Swl1l:h. Ignition! 
Switd,, Staerfng Column HaUllng, Cover Shroud, Key 
R ..... uvar. 
Switch Actuator Rack. Swi1l:h Actuator 
Sector, Lack Bolt. Pivot and Switch 
Allembly, and Upper Bearing 
Rgilnl 7, B, and 1B tlnugh 25 

E3 Remove or Dllconnect 
Tools Required: 

J 23653-B Lock Plate Compressor 
J 1859-03 Steering Wheel Puller 

1. Upper steering column omnponents. Refer to 
•upper Steering Column Components• in •unit 
Repair - Standard Column (Manual 
Transrnistdon) in this section. 

2. Thrust washer (13). 
3. Screw (12). 

STEERING COWMN • STANDARD 3F1-7 

4. Mounting screw (35). 
S. Hex nut (42). 
6. Dimmer switch (41). 
7. Dimmer switch rod ( 40). 
8. Mounting stud (34). 
9. Ignition switch (36). 

10. Steering column housing (l 7). floor shift bowl 
(37) and shroud (38) as an assembly. 

11. Screws (39). 
12. Shroud (38) and floor shift bowl (37) fro111 

steering column housing (17). 
13. Upper bearing retainer (22). 
14. Wave washer (30). 
15. Key release lever (31). 
16. Key release spring (32). 
17. Switch actuator rod (27) and rack (26). 
18. Spring and bolt assembly (24). 
19. Switch actuator pivot pin (29). 
20. Pivot and switch wembly (23). 
21. Bearing retaining bushing (21). 
22. Switch actuator sector (18). 
23. Upper bearing (20). 

E3 Install or Connect 
1. Upper bearing (20). 
2. Switch actuator- sector (18). 
3. Bearing retaining bushing (21). 
4. Pivot and switch assembly (23). 
S. Switch actuator pivot pin (29). 
6. Spring and bolt auembly (24). 
7. Switch actuator rod (27) and rack (26). 
8. Key relcuc spring (32). 
9. Key release lever (31). 

10. Wave wuhcr (30). 
11. Upper bearing retainer (22). 
12. Shroud (38) and floor shift bowl (37) to steering 

column housing (17). 
13. Screws (39). · 
14. Steering colwnn housing (17) floor shift bowl (37) 

and shroud (18) to column u an assembly. 
15. Screws (12). 
16. Ignition switch (36). 
17. Mounting stud (34). 
18. Dimmer switch rod (40). 
19. Dimmer switch (41). 

ll] Adjlllt 

• Dimmer switch in the elongated holes of the 
ignition switch assembly so that a • click• 
can be heard when the tum signal lever is 
£:!1:S!~vate the low and high beam 

20. Hex nut ( 42). 
21. Mounting screw (35). 
22. Thrust washer (13). 
23. Upper column components. llefcr to •upi,er 

Column Components• in •unit Repair -
Standard Column (Manual Transmission Y in 
this section. 
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Figure 7 • Standard Column (Manual TranamiNlon) 
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SAGINAW STEERING GEAR DIVISION 
GENERAL MOTORS CORPORATION 

K-,,.,_ ,,,,,, ,,_.,. Ker No. ,_, ,__ K., No. ,.,, _ 

1 • IIETAINEII . 21 • RACK. IWITCH ACTUATOR 11 • CUP, LOWEil UAIIINQ ADAPl'n 
I• NUT, HEXAGON JAM 27 - ROD, IWITCH ACTUATOR 12 • IIAIIINCI AIU•LY, ADAPTER a 
3 • COVEii. IHAFT LOCK 21 • WAIHIR, IPRING THRUIT U • ■EARING AIIEIIILY 
4 • RING, RETAINING 21- PIN, IWITCH ACTUATOR PIVOT 14- IRACKET A111. RING a 
I· LOCK, ITIIRING 8HAFT 30 • WMHl!R, WAVE 11 • IEAL, JACICIT 
I - CAIi AIM, TUIIN •GNAL CANCELLING 31 • LEVER, KEY RILIAIE II• BORING AIIEIIIILY 
7 • SPRING, UPPER BEARING 32 • SPRING, UY Rl!LIAII! 11- ICREW, IEI __,. H1!AD TAPPING 
I• SCREW, BINDING HEAD CROii RECESS 33 - PROTECTOR, WIRING 11- SCREW. FLAT NEAD 
t • ICIIIW. ROUND WAIHEII HEAD 34 • ITUD, D1-l!R AND IGNITION SWITCH MOUNTING II• STEERING ■HAFT. ALIGNIIINT 

10 • MIi AIM, ACTUATOR IWITCH 11- ICREW, WAINER HIAD • • IEAT, LOWER IIARING 
11 - SWITCH •- TUIIN SIGNAL 31 • IWITCH AIM, IGNITION 11- SPRING,, LOWIR IUIIING 
12 • ICREW, HEX WASHEii HEAD TAPPING 37 - BOWL, FLOOR IHIFT 12 • RETAINER, LOWER SPRING 
13 •WASHER.THRUST 31 • SHROUD, IHIFT BOWL 
14 • &WITCH Alll, IUZZER 31 • SCRIW, BINDING HEAD CROii RECEIS 
15 • CLIP, IUZZER SWITCH RETAINING 40- ROD, DIIIMEII SWITCH ACTUATOR 
11 • ICIIEW, LOC~ RETAINING 41 • IWITCH AIII, DIMMER 
17 • HOUSING, ITDIIING COLUMN 42 • NUT, HEXAGON 
11 • HCTOR AIM, SWITCH ACTUATOR 43 • JACKET AIII, ITIIRINO COLUMN 
11 • LOCK CYLINDIR IIT, ITEERING COLUMN 44 - IIARJNO AIM, ADAPTER I 
IO• ■eARINQ AIII 41 • IIETAINIR, ■EARING 
21 • ■UIHING, ■EARING RETAINING 41- ICRIW, HEX WAIHEII HI~ TAPPING 
22 - RETAINER. UPNII IEAIIIING 47 • RING, RETAINING 
U • SWITCH AIII, PIVOT a 41 • IHAFT MIi, STIIRING 
14 - IOLT AIII, IPIIING a 41 • ADAPTER, LO•R ■EARING 
25- IPIIING, RACK IPIIILOAD 11- RETAINER, ll!ARING ADAPTER 

A8SDl8UO 
0- COLua. MIi, I/A ITEERINQ 

101 • IRACICIT AIII, COLUMN DASH 

UIIIIICE ICITS 
201 • HOUIING AIM HIIVICE KIT, 

ITIIRING COLUMN 
202 • IHAFT IIINNI IC:IT, IN.leCTION ITHIIINQ 
203 • IECTOII .. IIVICE ICIT, IGNITION 

SWITCH ACTUATOR 

i 
j 
8 
E 
I 
' 
~ z 
D 
I .:, 
w 
"II • 
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A. l'TEEFIING MtEE1. a HOAN,AD 
C. SCRl!WS 
1. RETAINER 
2. NUT. HEXAGON 

I( 1 

Figure 9 - Removing Horn Pad 

A. STEERING WHEEL llCD01 Pt-MIP 

Figure 10 - Removing Steering Wheal 

4. RING. RETAINING 
5. LOCK, SHAFT 

llC01 -NIP 

Agure 11 - Removing S,haft Lock Retaining Ring 

5. LOCK.StW=T 
I. CAM ASSY. TURN SIG CANCEU.NG 
7. SPAING, UPPER BEARING · 

Figura 12 • Removing Upper Shaft Components 

E 

\ ~ ... 
I'• .. . ,.. •--:, 
u-

I. SCREW, BINDING HEAD CROSS RECESS 
t. SCREW, ROUND WASHER HEAD 

10. ARM ASM, SIGNAL SWfTCH 
11. SWITCH ASU, 1UAN SIGNAL 
D. HAZARD KNOB 
E MULTIFUNCTION LEVER 

Figure 13 - Preparing for Tum Signal Switch Removal 

11. swrrcH ASM, TURN SIGNAL 
33. PAOTECTOA. WIRING 

Figure 14 - Tum Signal Switch Removal 

14 SWrTCH ASM. BUZZER 
15. CLIP. BUZZER SWITCH RETAINING 

Figure 115 - Buzzer Switch Removal 

~-.. ~ 
,,:;;:.1 /~ 

17. 9CAEW. LOCK RETANG 
19. L0CK CVUNDEA SET. STRG C0l..lMi 

Figure 16 - Removing Lock Cylinder Set 



~= 
.~HERE 

11. SWITCH ASM, TURN SIGNAL 
33. PAOTECTOA. WIRING 

Figure 17 - Wire Hameu Through Column 

12) 3 o·CLOCK 

(12) I 

12. SCREW, PAD HD &-L08ED SOC. T/il' 
" 1 p 

Figure 18 - Steering Column Houaing Screw Positions 

A. STURING WHEEL 
8. HOANPAD 
C. SCAEWS 
1. l'IIETAINEA 
2. NUT,tEXAGON 

• p 

Figura 19 - Ignition and Dimmer Switch Removal 

37. BOM.. FL00fl SHIFT 
a. SHAOUD, SHFT BOWL 
•· SCREWS 

Figure 20 - Floor Shift Bowl and Shroud 

STEERING COLUMN· STANDARD 3F1-11 

3D 

17. HOUSING. STEERING 
30. WASHER. WAVE 
31. LEVER, KEY 
31. SPRING, KEY A'-......: 

Flgun, 21 - Key Release Lever Assembly 

23. SWITCH ASM. PIVOT & 
21. PIN, SWrTai ACTUATOR PIVOT 

" Figure 22 - Removi'ng Pivot and SwltGh AIMmbly 

24. BOLT ASM, SPRING & 
25. SPRING, AACK PAELOAD 
21. RACK. SWITCH ACTUATOR 
27. FIOD, SWITCH ACTUATOR 
21. WASHER. SPRING THRUST 

Figure 23 - Lock Bolt, SwltGh Actuator Rod and Rack 
Assembly 

MOVE SWITCH SL.IDEA TO !XTREME 
AtGHT POSITlON AND THEN MOVE 
SUDER ONe DETENT T0 THE LEFT 
(OFF LOCK) 

38 

31. SWITCH ASM. IGN I BEAM CHANGE 

Figure 24 - Adjusting Ignition Switch 

.. 
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41 

' UNTIL DAILL HITS TOP 
SURFACE OF HOUSING 

41. SWITCH. DIIAEA 

Figura 2!i • Adjusting Dimmer Switch 

LOWER STEERING COLUMN COMPONENTS 
Shaft and Lower 811ring Assembly 
FlgurN 7 through 12 •nd 2B 

NOTICE: Wheels of vehicle must be in a straight 
ahead position and key must be in the •LOCK* 
position when removing or installing steering 
column. Failure to do so may cause improper 
alignment of some components during installation 
resulting in column malfunction. 

NOTICE: When the steering column is removed 
from the vehicle, the column is extremely 
suscepti"blc to damage. Dropping the column 
assembly on its end could collapse the steering 
shaft or loosen the plastic injections that keep the 
column rigid. laning on the column assembly 
could cause the jacket to bend or deform. Any of 
the above damage could impair column's 
collapn"ble design. If the steering wheel must be 
removed, use only the specified steering wheel 
puller. Never hammer on the end of shaft because 
hammering could loosen plastic injections that 
keep the column rigid. 

E3 Remove or Disconnect 

Tools Required: 
1 23653-B Lock Plate Compressor 
J 1859-03 Steering Wheel Puller 

CAUTION: Failure to disconnect 
battery cable when working with 
wiring may cause· electrical· shock. 

1. Negative(-) battery cable. 
2. Screws from back of steering wheel and pad. 
3. Hom pad from steering wheel. 
4. Hom lead from cam tower. 
S. Retainer (1) and jam nut (2). 
6. Steering wheel using I 1859-03. 
7. Steering column from vehicle. Refer to •steering 

Column Removal• in this section. 
8. Lower bearing retainer ( 45). 
9. Lower spring retainer (62). 

10. Lower bearing spring (61). 
11. Lower bearing seat (60). 
12. Screws (46). 
13. Lower bearing (44). 

14 . . Shaft lock cover (3). 
• Depress shaft lock (5) using J 23653-B 

15. Shaft lock retaining ring (4). 
16. Shaft lock (S), tum signal cancemng cam (6) and 

upper bearing spring (7). 
17. Shaft (48). 

E3 Install or Connect 

Tool Required: 
J 23653-B Lock Plate Compressor 

1. Shaft (48). 
2. Upper bearing spring (7), 
3. Tum signal cancelling cam (6). 
4. Shaft lock (S). 
• Depress shaft lock (S) using I 23653-B. 
5. Shaft lock retaining ring (4). 
6. Shaft lock cover (3). 
7. Lower bearing (44). 
8. Screws (46). 
9. Lower bearing seat (60). 

10. Lower bearing spring (61). 
11, Lower spring retainer (62). 
12. Lower bearing retainer ( 45). 
13. Steering column into vehicle. Refer to •steering 

Column Removal• in this section. 
14. Steering wheel to column. 
IS. Jam nut (2) and retainer (1). 
16. Hom lead to cam tower. 
17. Horn pad. 
18. Screws. 
19. Negative(-) battery cable. 

1441 BEARING ASM, ADAPTOR a 

1451 RETAINER, BEARING & SEAL 

1481 SCREW,HEXWASHEAH0TAPPING 

j eo I SEAT, LOWER BEARING 

~ SPRING, LOWER BEARING 

! e2 I RETAINER, L~WER SPRING 

121-IF -NIP 

Figure 26 - Lower Bearing Assembly 



UNIT REPAIR - STANDARD COLUMN 
(AUTOMATIC TRANSMISSION) 

UPPER AND LOWER STEERING COLUMN 
COMPONENTS 
Shaft Lock, Tum Signal 
Cancelling Cam. Upper Bllring Spring. 
Shift Aulmbly, and l.awll' Bllring Aulmbly 

Figure, 27 through 33 
NOTICE: Wheels of vehicle must be in a straight 
ahead position and key must be in the "LOCK• 
position when removing or installing steering 
column. Failure to do so may came improper 
alignment of some components during inltallation 
resulting in cohmm malfunction. 

NOTICE: When the steering column is removed 
from the vehicle, the column is extremely 
susceptible to damqe. Dropping the column 
assembly on its end could collapse the stec:ring 
shaft or loosen the plastic injections that keep the 
column rigid. Leaning on the column aasembly 
could cause the jacket to bend or deform. Any of 
the above damage could impair column's 
collapsible design. If the steering wheel must be 
removed, use only the specified steering wheel 
t_~ Never hammer oil' the end of shaft because 

ering could 1oosen- plastic injections that 
keep the column rigid. a Remove or Dilconnect 

Tools Required: 
1 23653-B Lock Plate Comprc:s.,or 
1 1859-03 Steering Wheel Puller 

CAUTION: Failure to disconnect 
battery cable when working with 
wiring may cau■e electrical ■hock. 

1. Negative (-) battery cable. 
2. Screws from back of steering wheel. 
3. Hom pad from steering wheel. 
4. Hom lead from cam tower. 
5. Retainer (1) and jam nut (2). 
6. Steering wheel using 11859-03. 
7. Steering column from vehicle. Refer to •steering 

Column Removal" in this section. 
• Depress shaft lock (S) using 1 23653-B. 
8. Siaaft lock retaining ring (4). 
9. Shaft lock cover (3). 

10. Shaft lock (S). 
11. Tum signal cancelling cam (6). 
12. Upper bearing spring (7). 
13. Shaft (45). 
14. Lower bearing seat (40). 
15. Lower bearing spring (41). 
16. Lower spring retainer (42). 
17. Bearing retainer (39). 
18. Screws (38). 
19. Bearing (37). 

STEERING COWMN • STANDARD- 3f1-13 

E3 11111111 or Connect 

1. Bearing (37). 
2. Screws (38). 
3. Bearing ~er (39). 
4. Lower spring retainer ( 42). 
5. Lower bearing spring (41). 
6. Lower bearing seat (40). 
7. Shaft (45). 
8. Upper bearing spring (7). 
9. Tum signal cana:lling cam (6). 

10. Shaft lock (5). 
11. Shaft lock cover (3). 
• ·Depress shaft lock (S) using J 23653-B. 

12. Shaft lock retaining ring (4). 
13. Steering column into vehicle. Refer to "Steering 

Column Removal· in this section. 
14. Steering wheel to column. 
15. Jam nut (2) and retainer (1). 
16. Hom lead to cam tower. 
17. Hom pad. 
18. Screws. 
19. Negative(·) battery cable. 

LOWER STEERING COLUMN SWITCHES 
Dimmer Switch. Dimmer Switch Rod, and Ignition 
Switch 
Flgn, 27, Z8 Ind 34 through 37 

a Remove or Diaconnect 

Tools Required: 
J 23653-B Lock Plate Compressor 
J 1859-03 Steering Wheel Puller 

1. Upper Column Components. Refer to "UpPC=I' 
Column Components" in •unit Repair -
Standard Column (Automatic Transmission)" in 
this section. 

2. Hex nut (35). 
3. Mounting screw (47). 
4. Dimmer switch (34). 
5. Dimmer switch rod (33). 
6. Mounting stud (49). 
7. Ignition switch (SO). 

E3 lnstaft or Connect 

• Turn key to "LOCK" position. 
1. Ignition switch (SO). 
2. Mounting stud (49). 
3. Dimmer switch rod (33). 
4. Dimmer switch (34). · 

Ill Adjust 

• Dimmer switch in the elongated holes of the 
ignition switch assembly so that a "click" 
can be heard when the tum signal lever is 
pulled to activate the low and high beam 
headJ•mpi. 

5. Hex nut (35). 
6. Mounting screw (47). 
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Figure 27 - Standard Column (Automatic Transmission) 
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SAGINAW STEERING GEAR DIVISION 
GINEl4L MOTOIS COIPOIATION 

KeyNo. ,._,,,.,,_ 

1 • RETAINER 
2 - NUT, HEXAGON JAIi 
3 • COVER, SHAFT LOCK 
4 • RING, RETAINING . 
1- LOCK, STEERING SHAFT 
I· CAIi AIM, TURN SIGNAL CANCELLING 
7 • SPRING, UPPER ■EARING 
I- SCREW, BINDING HEAD CROii RECESS 
I· SCREW, ROUND WASHER HEAD 

10• ARM AIM, SWITCH ACTUATOR 
11 • SWITCH AIM, TURN SIGNAL 
12 • SCREW, HIX WASHER HEAD TAPPING 
13 • WASHER, THRUST 
14 • SWITCH AIM. BUZZER 
11 • CLIP, 8UZZE11 SWITCH RETAINING 
11 • SCREW, LOCK RETAINING 
17 • HOUSING, ITEIRING COLUMN 
11 • SECTOR, SWITCH ACTUATOR. 
11-LOCK CYLINDER SET,STEERING COLUMN 
20 • BEARING AIM 
21 • BUIHING, IEARING RETAINING 
12 • RETAINER, UPPER BIAAINQ 
23 • IWITCH AIM. PIVOT a 
24 ·BOLT.LOCK 
25 • 'INIINQ, RACK PAELOAD 
H ·RACK.SWITCH ACTUATOR 
27 • ROD. IWITCH ACTUATOR 
21 • WASHER, IPR.ING THRUST 
21 • PIN. SWITCH ACTUATOR PIVOT 
30 • PROTICTOA. WIRING 

IC•1 No. ,..,. Name 
31 - BOWL, FLOOR IHIFT . 
32 • SCREW, BINDING HD CROSS RECESS .. . 
33 • ROD, DIMMER lwrl'CH ACTUATOR 
34 - SWITCH AIM. DIMMER 
35 • NUT, HEXAGON 
31- JACKET AIM. STEERING COLUMN 
37 • ■EARING AIM. ADAPTER I 
31 • SCREW, HEX WASHER HEAD TAPPING 
39 - RETAINER. BEARING 
40 • .SEAT. LOWER BEARING 
41 • SPRING, LOWER BEARING 
42 • RETAINER. LOWER SPRING 
43 • BUSHING, STAG. COLUMN JACKET 
44 • RING, RETAINING 
45 • SHAFT ASM, STEERING 
41- HOUSING AIM, IGN SWITCH 
47 • SCREW. WASHEii HEAD 
41 • SCREW, PAN HD 
49 • STUD, DIMR I IGN SW MOUNTtNG 
50 • SWITCH ABM, IGNITION 
51 • ADAPTER, LOWER BEARING 
12 • BEARING AIM 
U • RETAINER, ■EARING ADAPTER 
14 • CLIP. LOWER BEARING ADAPTER 

. 15 • SHROUD. SHln IOWL 
11 • BRACKET ASM. STAG. COL. SUPP0RT 

. ASIEM8UEI 
0 • COLUMN AIM, E/A STEERING 

101 • BOLT ASM.'SPRING & ' 
102 • BOWL AIM, GEARSHIFT LEVER 
103 • JACKET ASM, STEERING COLUMN 
104 • SWITCH ASM, COLUMN LOCK I ION 

SEIIVICE KITS 

201 - HOUSING AIM SERVICE ICIT 
STEERING COLUMN 

202 - .. CTOR SERVICE KIT, IGNITION 
SWITCH ACTUATOR 

203 • SHAn REPAIR KIT INJ. STEERING 
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34. STUD, DIMA a IGN SW MOUNTING 
M. SWITCH ASM. IGN a BEAM CHANGE 
42. NUT. HEXAGON (#10-24 X .25) 
31. SCREW, WASH. HD. (#10-k X .25) 
41. SWITCH. DlliaER KCD01a-31'1 ... 

Figure 29 - Removing Hom Pad 

A. STEERING WHEEL KC001....,.,., 

Rgure 30 - Removing Steering Wheal 

.&. RING. RETAINING 
5. LOCK. SHAFT 

Figure 31 - Removing ~haft Lock Retaining Ring 

3.. COVER 
5. LOCK. SHAFT 
t . CAM ASSY, TURN SIG CANCELLING 
7. SPRING. UPPER BEARING 

XC0027-3f'1 P 

Figure 32 - Removing Components from Upper Shaft 

39 
I 3a I JACKET ASM. STEERl~G COLUMN 

1371 BEARING ASM. ADAPTER & 

1381 SCREWS 

r 391 RETAINER, BEARING 

I 40 I SEAT, LOWER BEARING 

B SPRING, LOWER BEARING 

I 42 I RETAINER. LOWER SPRING 

1431 SHAFT ASM. STEERING 

1451 SHAFT, STEERING 

XC01 

Figura 33, • Lower Bearing Assembly· and Shaft 
Removal 

7. Upper column components. Refer to •upper 
Column Components• in •unit Repmr -
Standard Column (Automatic TraosmissionY in 
this section. 

33.. ROD. DIIAERSWITCH~TOR 
34. SWITCH ASM. DMiEA 
• · NUT, HEXAGON 
47. SCREW. WASHER HEAD 

Rgure 34 - Dimmer Switch Assembly 

UPPER STEERING COLUMN SWITCHES 

Tum Signal Switch, Buzzer Switch, and Lock Cylinder 
Set 

Flgu1t11 21 through 32 and 38 through 41 

NOTICE: Wheels of vehicle must be in a straight 
ahead position and key must be in the "LOCK• 
position when removing or installing steering 
column. Failure to do so may cause im~ 
alignment of some components during installation 
resulting in column malfunction. · 



-. HOUSING ASM. IGN SWITCH 
41. STUD. DNR& IGN SW 1i1JUNT1NG 
50. SWITCH ASM. IGNITION 

KC0030-3F1.._..P 

· Figure 35 - Ignition Switch Assembly 

50. SWITCH ASM. IGN a 
BEAMCHANGE 

Figure 38 - Adjusting Ignition Switch 

' UNTH. DRILL HITS 10P 
SUAFACE OF HOUSING 

34. SWITCH, OMER 
l(C003:a.3F1 P 

Figure 37 -Adjusting Dimmer Switch 

NOTICE: When the steering column is removed 
from the vehicle. the column is extremely 
susccptt'ble to damage. Dropping the column 
assembly on it.s end could collapse the steering 
shaft or loosen the plastic injections that keep the 
column rigid. Leaning on the column assembly 
could cause the jacket to bend or deform. Any of 
the above damage could impair column's 

· collapsible design. If the steering wheel must be 
removed, use only the specified steering wheel 
puller. Never hammer on the end of shaft because 
hammering could loosen plastic injections that 
keep the column rigid. 

E3, Remove or Disconnect 
Tools Required: 

STEERING COLUMN -STANDARD 3F1-17 

J 23653-B Lock Plate Compressor 
J 1859-03 Steering Wheel Puller 

CAUTION: Failure to disconnect 
battery cable when working with 
wiring may cause alectrlcal shock. 

1. Negative(-) battery cable. 
2. Screws from back of steering wheel, if equipped. 
3. Hom pad from steering wheel 
4. Horn lead from cam tower. 
5. Retainer (1) and jam nut (2). 
6. Steering wheel using J 18S9-03. 
7. Steering column from vehicle. Refer to "Steering 

Column Removal" in this section. 
• Depress shaft lock (5) using J 23653-B. 
8. Shaft lock retaining ring (4). 
9. Shaft lock cover (3). 

10. Shaft lock (5). 
11. Turn signal cancelling cam (6). 
12. Upper bearing spring (7). 
• Position turn si'°-81 lever iii the 

•RIGHT-TURN" J>OSltion. 
13. Screws (9) and signal switch arm (10). 
14. Screws (8). . 
15. W-uing protcctot. 
• Gently pull wire harness through the column. if 

removing turn signal switch. 
16. Tum signal switch (11). if necessary. 

- Let switch hang freely if removal is not 
necessary. 

17. Key from lock cylinder set (19). 
18. Buzzer switch (14) and clip (15). 
19. Lock retainmg screw (16). 
• Reinsert key in lock cylinder (19). 

20. Lock cylinder set (19). 

E3 Install or Connect 

1. Lock cylinder set (19). 
• Tum key to the "RUN" position. 
2. Lock retaining screw (16). 
3. Clip (15) and buzzer switch (14). 
4. Tum signal switch (11). 
• Gently pull wire harness through column. if 

removed. 
5. Wiring protector (30). 
6. Screws (8). 
7. Signal switch arm (10) and screw (9). 
8. Hazard knob. 
9. Upper bearing spring (7) •. 

10. Turn signal cancelling cam (6). 
11. Shaft lock (5). 
12. Shaft lock ocver (3). 
• Depress shaft lock (5) using J 23653-B. 

13. Shaft lock retaining ring (4). 
14. Steering column .into vehicle. Refer to "Steering 

Column Removal" in this section. 
15. Steering wheel 
16. Jam nut (2) and retainer (1). 
17. Hom lead into cam tower. 
18. Hom pad. 
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19. Screws. If equipped. 
20. Negative(-) battery cable. 

E . ,- ........ - , ... 

t 

I. SCREW, BINDING HEAD CA0SS RECESS 
t. SCREW, FIOUND WASHER HEAD 

10. ARM ASM. SIGNAL SWITCH 
11. SWITCHASM. TUAN SIGNAL 
D. HAZARD KNOB 
E. MULTIFUNCTION LEVER ICCG007-31'2.f.RP 

Figure 38 - Preparing for Turn Signal Switch Removal 

GTI SWITCH ASM. TURN SIGNAL 

~ PROTECTOR, WIRING 

Figure 39 - Tum Signal Switch Removal 

, 
Figure 40 - Lock Cylinder Set and Buzzer Switch 

· Removal 

MID STEERING COLUMN COMPONENTS 

Lock Housing Covar, 
Shroud, Upper 811ring, Actuator Rod/Rack 
Allembly, Lock Bolt, and Pivot and Switch 
Allembly 

FigurN 29 through 32, 34, 36, 42 and 43 

NOTICE: Wheels of vehicle must be in a straight 
ahead position and key must be in the •LOCK" 
position when removing or installing steering 
column. Failure to do so may cause improper 
alignment of some components during installation 
resulting in, column malfunction. 

t 1. SWITCH ASM. TUAN SIGNAL 
30. PAOTECTOA, WIRING 

Figure 41 - Wire Harneu Through Column 

NOTICE: When the steering column is removed 
from the vehicle. the column is extremely 
suscept11Jle to damage. Dropping the column· 
assembly on its end could collapse the steering 
shaft or loosen the plastic injections that keep the 
column rigid. Leaning on Ute column assembly 
could cause the jacket to bend or deform. Any of 
the above damage could impair cotumn•s 
collapsible design. H the steering wheel must be 
removed, use only the specified steering wheel 
puller. Never hammer on the end of shaft because 
hammering could loosen plastic injections that keep 
column rigid. 

1. Negative(-) battery cable. 
2. Screws from back of steering wheel. If equipped. 
3. Hom pad from steering wheel. 
4. Horn lead from cam tower. 
S. Retainer (1) and jam nut (2). 
6. Steering whccl using I 1859-03. 
7. Steering column from vehicle. Refer to •steering 

Column Removal• in this section. 
• Depress shaft lock (5) using I 23653-B 
8. Shaft lock retaining ring ( 4). 
9. Shaft lock cover (3). 

10. Shaft lock (5). 
11. Tum signal cancelling cam (6). 
12. Upper bearing spring (7). 
13. Hex nut (35). 
14. Mounting screw (47). 
15. Dimmer switch (34). 
16. Dimmer switch rod (33). 
17. Mounting stud (49). 
18. Ignition switch (50). 
19. Screws (12). 
20. Floor shift bowl (31), shift bowl shroud (55) and 

steering column housing (17) as an assembly. 
21. Screws (32). 
22. Steering column housing (17) from shift bowl 

shroud (5S) and floor shift bowl (31). 
23. Upper bearing retainer (22). 
24. Actuator rod (27) and rack (26) as an assembly. 
25. Lock bolt (24). 
26. Hom circuit contact and bearing retaining 

bushing (21). 
27. Thrust .washer (13). 



28. Upper bearing (20). 
29. Switch actuator pivot pin (29). 
30. Pivot and s'Vritch assembly (23). 
31. Actuator sector (18). 

E3 Install or Connect 

NOTICE: F.asure all fasteners are securely seated 
before applying required torque. Failure to do so 
may result in component damage or malfuctioning 
of the steering column. 

l. Actuator sector (18). 
2. Pivot and switch assembly (23), 
3. Switch actuator pivot pin (29). 
4. Upper bearing (20). 
5. Thrust washer (13), 
6. Hom circuit contact and bearing retaining 

bushing (21). 
7. Lock bolt (24). 
8. Actuator rod (2Tj and rack (26) as an assembly. 
9. Upper bearing retainer (22). 

10. Steering column housing (17) to shift bowl sbroUd 
(55) and floor shift bowl (31). 

11. Screws (32). 
12. Shift bowl shroud (S5) floor shift bowl (31) and 

steering column housing (17) to column. 

NOTICE: See "Notice• on page 3Fl-1 of this 
section. 

13. Screws (12). 

~ Tighten 
• Screws (12) to 9.0 N ·m (80 lb. in.) in a 

counterclockwise order beginning with 
screw in the 12 o'clock position first. 

• Tum key to the •LocK• position. 
14. Ignition switch (50). 
15. Mounting stud (49). 
16. Dimmer switch .rod (33). 
17. Dimmer switch (34). 

~ Adjuat 
• Dimmer switch (34) in the elongated holes 

of the ignition switch assembly so that a 
•click• can be heard when the tum signal 
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lever is pulled to activate the low and high 
. ~ tieadl,mps. 

18. Hex nut (35). 
19. Mounting screw (47). 
20. Upper bearing spring (7). 
21. Turn signal cancelling cam (6). 
22. Shaft lock (S). 
23. Shaft lock cover (3). 
• Depress shaft lock (S) using 1 23653-B. 

24. Shaft lock retaining ring (4). 
25. Steering column into vehicle. Refer to •steering 

Column Removal• in this section. 
26. Steering wheel. 
27. Jam nut (2) and retainer (1). 
28. Horn lead into cam tower. 
29. Horn pad and attaching screws. 
30. Screws.· 
31. Negative(-) battery cable. 

12) 3 o·cLOCK 

(12) I 

12. SCREW, PAD HD IM.08ED SOC TAP 
KCOOZ2-3f1.._. 

Figure 42 • StHring Column Housing Screw Posi1ion1 

17. HOUSING. STEEAIHG C0WMN 
31. IOWL. FLOOR SMFT 
3Z. SCREW, BINDING HD CROSS RECESS 
55. SHAOUD. SMFT BOWL 

Figure 43 - StHrlng Column Housing, Floor Shift Bowl, 
and Shift Bowl Shroud 

SPECI FICA TIO NS 

FASTENER TORQUE SPECIFICATIONS 

Interm~c Shaft to S~g Gear Bolt ........................................................ 40 N ·m (30 lb. ft.) 
lntc;rmediatc Shaft to Steering Column Nut .................................................... 60 N •m (44 lb. ft.) 
Lock Housing Cover Screw .......................................................... ·-········· ....... 9.0 N • m (80 lb. in.) 
Steering Column Jacket Dimension 

From End of Bearing Assembly to Edge of 
Upper Jacket ................................................................................... 100.95 mm (3.974 inches) 
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[!] STEERING WHEEL PULLER 

0 LOCK PLATE COMPRESSOR 

SPECIAL TOOLS 

J23863-B 

.a.RP 
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SECTION 3F2 

STEERING COLUMN - TILT 
The following .. Notice" applies to one or more steps in the membly procedure of compooeuts in tbil portion of 

die numuat u indicated It appropriate locatioal by tbe lfflDinolo&y: "NOTICE: See "'Notice" on page 3Fl-1 of this 
~ ... 

NOTICE: Whm futeam an: removed, always reinstall them at the same location from which they were 
RIIDOVCd. Jf a filllcncr needs to ~red, me tbe correct part umnher f'astenc:r for that applic•mn. If the c:crrect 
part nmnher 6udmer is not aftl • fntener rL equal si7.c md ltrmgth (or stronaer) may be uaed. Putmm 
tbt an: not l'C'lilcd, and tboee nquirina tbrad Joelring oompoand will be called out. T&e contd tmque value must 
be med when imtaJlq fukmen that requhe lt. If the above c:onditioDs are not followed, puts or 1J1taD damage 
c:oakl rault. 

Diap.mill •••••••••••·•••·••••••••••••••••••••·•··•···••·••·· Section 3 
Oma'l1 lnforma.1:ion •••••••••••••·•••·•••••••••••·••••••••• 3F2-1 

Steelina ColUIDll ······························•··········· 3P2-1 Ipitioll Loot Systmn •.•..••..••.•••...•..•••••••••••.. 3'F'2-1 
On-Vehicle Service .•.••••••.•.••••.•••••.••.•...•••.......•• 3F'2-l 

Multifunction Tum Signal Lever ............... 3Fl-l 
Sieei-ing Wheel ·····-·························· ....•.••••.. 3F2-2 
- Steering Smft .•.•.•••••....•....•.••. 3:Fl-2 
Checking !lta:ring Column for 

.Accident Daa:aa,p ·-··············-··-······-····· 3F2-3 
Steering Cohnnn RmlaYa1 .......................... 3F2-4 
Steerina Cohnnn Bench Semce ·-··········· .. 3P2-5 

Unit Repair - Tilt St.eerint Col11Dl1l 

GENERAL INFORMATION 
STEERING COLUMN 

The locking energy absorbinJ steering colUIDll 
includes three important features m addition to the 
steering function. 

1. In a front-end collision. the en~-ablorbing 
column is designed to collapse, minimizing die 
possibility of injmy to the driver. 

2. The ignition switch and lock are conveniently 
mounted on the c:ohmm. 

3. When locked, the col'IJIDII mounted lock acts as 
a theft detc:rrmt by preYen.ting the opnlion of 
both ignitim and steering. 
The multifundioD IDrn aigml lever controls the 

headlamp dimmer, windshield wipen and cruise 
coattol. . 

To ensure the energy-ablorbing action, use only 
the specified acmn. boltl and nuts and tighten them 
to the specified torque. Apply a thin coat of lithium 
grease to all friction points when reassembling. 

When the column assembly is removed from the 
vehicle. handle it with special can,. Using a steering 
wheel puller other dum the one nx:ornmended in this 
mamwl, biUing the cnc;l of the at.ecring abaft or shift lever 
sharply, leaning on the u1embly, or dropping the 
auembly coa1d shear or lOOlell the plastic fasteners that 
bep the colurnn rigid. 

IGNmON LOCK SYSTEM 
Flgln 1 

All steering col111DD1 contain a mechanical 
neutral start system. Thia system relics on. a mechanical 

(Manual Transmission) ................................. 3F2-5 
Upper Steering Column Components........... 3F2-5 
Mid Steering Column Components I ............ 3P2-7 
Mid Steerinf Column Components ll ....•... 3Fl-11 
Lower Steering Column Components ........ 3F2-13 

Unit Repair - Tilt Stec:ripg Column -
(Automatic Tnllllllliuion) ........................... 3F2-15 
Upper S~ Column Components......... 3F2-15 
Mid Steering Column Components I •.•....•. 3Fl-19 
Mid S~ CobJD1n Components D ........ 3F2-20 
Lower Stec:nng Column Components......... 3Fl-21 

Spa:ifimti.om ··-·········-·······• .................... _..... 3P2-24 
Spa:ial Tools ..................... ·-················-········· 3'F2-24 

block to prevent starting the engine in other than 
•p AR.IC" or •NEUT.RAL •. The mechanical block is 
achieved by a wedge shape finger (129) added to the 
ignition switch actuator rod (130). In either "PARK" 
or •NEUTRAL•, this wedge shape finaer (129) puaa 
through the bowl plate slots, allowing the lock cylinder 
(12S) 1ull rotational travel into the "START" position. 

ON-VEHICLE SERVICE 
MULTIFUNCTION TURN SIGNAL LEVER 

Fig,nZ 

E3 Reman cw DilmnlllCt 

• Turn signal lever (134). 

• Make sure tum qnal lever (134) is in center 
or "OFF'• pomion. 

• Tum signal lever (134) by pulling straight 
out of the tum signal switch (131). 

• If equipped with cruise control wiring (136) 
attach rnccb•oic's wire to connector and 
pull harness through column. 

E3 lnmll or Connect 

• Tum sipal levc:r (134). 

• If cquippt.d trith cruise control !irinJ (136), 
attach connector to mecbaoic's wue and 
pull harnaa through column. 

• Push tom signal lever (134) into turn signal 
switch (131). 
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0 PARK POSITION 

0 NEUTRAL POSmON 

~ LOCK CYLINDER 

~ RACK 

~ BOWLPLATE 

~ SECTOR 

~ WEDGE SHAPE FINGER 

~ ACTUATOR ROD 

KC P1-NIP 

Figure 1 - Mechanical Neutral Start 

STEERING WHEEL 
Figure3 

E3 Remove or Disconnect 

Tool Required: 
J 1859-03 Steering Wheel Remover 

1. Negative(-) battery cable. 
2. Horn pad (137). 
3. Hom lead (138) from cam tower (141). 
4. Retainer (139) and jam nut (140). 
S. Steering wheel using J 1859-03. 

E3 Install or Connect 

1. Steering wheel to column. 
2. Jam nut (140) and retainer (139). 
3. Hom lead (138) to cam tower (141). 
4. Hom pad (137). 

- Align pad and push straight down into 
place. · 

S. Negative(-) battery cable. 

INTERMEDIATE STEERING SHAFT 

Figut14 

E3 Remove or Disconnect 

1. Negative(-) battery cable. 
2. Coupling shield (145). 
3. Bolt (142) from the flexible coupling attaching 

the lower intermediate shaft (156) to the steering 
gear. 
• Push the intermediate shaft assembly 

rearward to disengage the cJmnp from the 
steering gear. 

4. Bolt (146) and nut (143) from the pat joint 
coupling attaching the upper intermediate shaft 
(155) to the steering column. 

S. Intermediate shaft assembly. 

f}3 orsauemble 
t. Upper intermediate shaft (155) and lower 

intermediate shaft (1S6) by pressing a 3/8-inch 



0 TANG 

!1311 TURN SIGNAL 
SWITCH 

~ STEERING COWMN HOUSING 

~ STEERING COWMN 

E3 TURN SIGNAL LEVER 

~ INSULATOR 

~ CRUISE CONTROL WIRING 

Figure 2- Multifunction Tum Signal Lever 

Ii 371 PAD B NUT 

~ HORNLEAD J141I CAMTOWER 

~ RETAINER 

Figure 3 - Sport Steering Wheel Removal 

diameter rod up through the bottom of the 
flexible coupling. 

STEERING COLUMN~ TILT 3F2-3 

2. Seal (157) and spring {158). 

l:tJ Aasemble 

• Before assembling the lower intermediate shaft 
and upper intermediate shaft, apply lithium 
grease to the preload spring. 

1. Spring (158) and seal (157). 
2. Upper intermediate shaft (155) and lower 

intermediate shaft (156). 
• Align the slot in the lower coupling in 

relation to the upper coupling. 
• Press together. 

E3 Install or Connect 

NOTICE: See 'Notice' on page 3F2-1 of this 
section for steps 2 and 3. 

1. Flexible coupling to the steering gear worm.shaft 
splined ends. · 
• Align the flat on the coupling with the flat 

on the wormshaft. 
2. Coupling clamp pinch bolt (142). 

~ Tighten 

• Bolt (142) to 40 N·m (30 lb. ft.) . . 
3. Bolt (146) and nut (143) to pot joint coupling 

attaching the upper intermediate shaft to the 
steering column. 

~ T19hten 
• Nut (143) to 60 N ·m (44 lb. ft.). 

4. Coupling shield (145). 
• Latch of coupling shield (145) must be 

seated around the steering gear return pipe 
nut. 

5. Negative (-) battery cable. 

CHECKING STEERING COLUMN FOR 
ACCIDENT DAMAGE 
Figure 5 

NOTICE: V chicles involved in accidents resulting 
in frame damage, major body or sheet metal 
damage, or where the steering column has been 

. impacted may also have a damaged or misaligned 
steering column. Failure to check the steering 
column for damage may result in component 
malfunction. 

IL•I Inspect 
1. Capsules on the steering column. ~ket 

assembly. They should be within 1.59 mm (0.063 
inch) from the bottom of the slots. · 
- If capsules are not within 1.59 mm (0.063 

inch). the bracket should be replaced. 
2. Contact surface of bolt to the bracket. The bolt 

head must not contact the surface of the bracket 
or the shear load will be increased. 

- If contact between bolt and bracket is made. 
replace the bracket. · 
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!1421 BOLT ~ UPPER INTERMEDIATE SHAFT 

~ NUT 

~ COUPLING SHIELD 

~ LOWER INTERMEDIATE SHAFT 

0 SEAL 

~ BOLT ~ SPRING 

Figure 4 • Intermediate Steering Shaft 

3. Jacket for collapse by measuring the distance: from 
the end of the bearing assembly to the lower edge 
of the upper jacket. 
- If jacket dimensions are less than 159.14 

mm (6.265 inches), a new jacket must be 
installed. 

4. Shift tube and steering shaft for sheared injected 
plastic. 
- If shift tube shows sheared plastic, a new 

shift tube must be installed. 
- If steering shaft shows sheared plastic and 

is not bent, it can be repaired by using a 
Service Steering Shaft Repair Package. 

5. Steering shaft runout:if any frame damage may 
have caused a bent steering shaft. 

- Remove intermediate shaft. 
- Hold ruler or dial indicator against lower 

end of steering• shaft and have steering 
wheel rotated. Runout should not exceed 
1.59 mm (0.063 inch). 

- Ifrunout does exceed 1.59 mm (0.063 inch) 
replace the stec;ring shaft. 

STEERING COLUMN REMOVAL 
F',gurN4andS 

NOTICE: When the steering column is removed 
from the vehicle, it is extremely susceptible to 
damage. Dropping column assembly on its end 
could collapse steering shaft or loosen plastic 
injections that keep the column rigid. Leaning on 
the column assembly could cause jacket to bend or 
deform. Any of the above conditions could impair 

column's collapsi'ble design. If steering wheel must 
be removed, use only the specified steering wheel 
puller. Never hammer on the end of the shaft 

· because hammering could loosen plastic injections 
that keep the column rigid. 

E3 Remove or Disconnect 

1. Negative(-) battery cable. 
2. Bolt (146) and nut (143) from clamp attaching 

upper intermediate shaft {155) to the steering 
column (133). 

3. Steering wheel, if column is to be replaced or 
repaired on the bench. Refer to •steering Wheel" 
in this section. 

4. Sound insulator panel. 
5. Trim panel from below steering column (133). 
6. Screws attaching toe pan cover to the firewall. 
7. Shift linkage from lower· shift lever. 
8. Electrical connectors. 
9. Capsule nuts (151) attaching steering column 

support bracket (152) to the instrument panel 
10. Steering column (133) from the vehicle. 

E3 Install or Connect 
1. Steering column (133) into vehicle. 
2. Capsule nuts (151) atta0hing steering column 

support bracket (152) to the instrument panel. 
3. Bolt (146) and nut (143) to clamp attaching the 

upper intermediate shaft (155) to the steering 
column (133). 



0 CAPSULE SLOTS 

0 BOLT TO BRACKET ASSEMBLY 

[£] CONTACTSURFACE 

0 

0 

0 INSPECT COLUMN JACKET FOR SHEARED 
INJECTED PLASTIC AT THESE LOCATIONS 

0 INSPECT STEERING SHAFT FOR SHEARED 
INJECTED PLASTIC AT THESE LOCATIONS 
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COLUMN COLLAPSE 
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0 
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Figure 5 - Checking Steering Column for Accident Damage 

~ Tighten 
• Nut to 60 N ·m (44 lb. ft.). 

4. Screws attaching toe pan cover to the firewall. 

5. Electrical connectors. 

6. Shift likage at lower shift lever. 

7. Trim panel. 

8. Sound insulator panel. 

9. Steering wheel, if removed. Refer to "Steering 
Wheel" in this section. 

10. Negative (-) battery cable. 

STEERING COLUMN BENCH SERVICE 

To service the steering column on the bench, refer 
to •unit Repair - Tilt Steering Column (Manual 
Transmission)• or •unit Repair- Tilt Steering Column 
(Automatic TransmissionY for repair procedures. 

UNIT REPAIR - TILT STEERING 
COLUMN (MANUAL TRANSMISSION) 

UPPER .STEERING COLUMN COMPONENTS 
Shaft Lock, Tum Signal 
Cancelling Cam, Upper B11ring 
Spring, Upper Bearing Seat, 
Inner Race Turn 
Signal Switch, Bumr Switch, 
and Lock Cylinder Set 
Figures 7 through 17 

(++I Remove or Disconnect 

Tools Required: 
J 23653-B Lock Plate Compressor 
J 1859-03 Steering Wheel Puller 
J 35689-A Tenn.inal Remover 

CAUTION: Failure to disconnect 
battery when working with wiring 
may cause electrical shock. 

NOTICE: Wheels of vehicle must be in straight 
ahead position and key must be in the. lock position 
when removing or installing steering column. 
Failure to do so may cause improper alignment of 
some components. during installation resulting in 
column malfunction. 

NOTICE: When the steering column is removed 
fro~ the vehicle, it is extremely susceptible to 
damage. Dropping column assembly on its end 
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0 ASSEMBLING 
BRACKETTO 
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Figure 8 • Column Installation 

could collapse steering shaft or loosen plastic 
injections that keep the column rigid. Leaning on 
column assembly could cause jacket to bend or 
deform. Any of the above conditions could impair 
column's collapsil>le design. If steering wheel must 
be removed. use only the specified steering wheel 
puller. Never hammer on the end of the shaft 
because hammering could loosen plastic injections 
that keep the column rigid. 

1. Negative (-) battery cable. 
2. . Screws from back of steering wheel and horn pad. 
3. Horn lead from cam tower. 
4. Retainer (1) and jam nut (2). 
S. Steering wheel using J 18S9-03. 
• Place column on bench. 
6. Steering column from vehicle. Refer to "Steering 

Column Removal" in this section. 
7. Shaft lock cover (3). 
• Depress shaft lock (S) using 1236S3-B. 
8. Shaft lock retaining ring (4). 
9. Shaft lock (5) and J 23653-B. 

10. Tupi signal cancelling cam (6). 
11. Upper bearing spring (1). 
12. Upper bearing seat (12). 
13. Inner race (13). 
• Rotate turn signal lever to "RIGHT TURN" 

position. 
14. Screws (9) and signal switch arm (10). 
15. Screws (8). 
16. Wiring protector (54) and hazard knob, if 

removing turn signal switch. 

- If removal of 1he tum signal switch is not 
necessary, do not perform this step. Allow 
switch to bang freely. 

- Gently pull wiring harness through column 
housing shroud (65), column housing (38) 
and lock housing cover (18). 

17. Tum signal switch (11). . 
18. Key from lock cylinder aet. 
19. Buzzer switch (15) and clip (16). 
• Reinsert key in lock cylinder set and tum to 

"LOCK.• position. 
20. Lock retaining screw (17). 
21. Lock cylinder set (19). 

E3 Install or Connect 
NOTICE: See "Notice" on page 3F2-l of this 
section for steps 2, S and 6. 

NOTICE: Ensure all fasteners are securely seated 
before applying required torque. Failure to do so 
may result in component damage or 
malfunctioning of the steering column. 

1. Lock cylinder set (19). 
2. Lock retaining screw (17). 

~ Tighten 

• Screw (17) to 2.S N·m (22 lb. in.). 
• Tum key to "RUN" position. 
3. Buzzer switch (15) and clip (16). 



•· W-lring bamess, hazard moo and wiring p1orcctor 
(S4), if removed. 

• Gendy pull wiring hameu through the lock 
housing cover {18). column housing (38), 
and column housing shroud (65). 

5. Tum signal swit.ch (11) and_ screws (9). 

B?J T1ghtan 
• Screws to 3.4 N·m (30 lb. in.). 

6. Signal switch arm (10) and screw (9). 

m llghtan 
• Screw (9) to 2.25 N·m (20 lb. in.). 

7. Inner race (13). 
8. Upper bearing seat (12). 
9. Upper bearing spring (7). 

10. Tum signal cancelling cam (6). 
11. Shaft lock (5). 
• Depress shaft lock (S) using J 23653-B. 

12. Shaft lock retaining ring (4). 
13. Shaft lock cover (3). 
14. Steering column into vehicle. Refer to •st.eering 

Column Rem.oval•. 
15. Steering wheel. 
16. Nut (2) and retainer (1). 
17. Horn lead into cam tower. 
18. Screws to back of steering wheel and horn pad. 
19. Negative (-) battery cable. 

MID STEERING COLUMN COMPONENTS I 
Lack ffDUling Cover, 
Cover End Cap. Pivot 
and Swi1ch Asllmbly, 
Dimmer Switch Rod Actuator, and 
Tilt Spring Auembly. 

FigutN 7 through 22 

E3 Remove or DIICOllnect 

Tools Required: 
J 23653-B Lock Plate Compressor 
I 35689-A Terminal Remover 
I 1859-03 Steering Wheel Puller 

NOTICE: When the steering column is removed 
from the vehicle, it is extremely susceptible to 
damage. Dropping column assembly on its end 
could collapse steering shaft or loosen plastic 
injections that keep the column rigid. Leaning on 
column assembly could cause jacket to bend or 
deform. Any of the above conditions could impair 
column's collapsible design. If steering wheel must 
be nmovcd, use only the specified steering wheel 
puller. Never hammer on the end of the shaft 
because hammering could loosen plastic injections 
that keep the column rigid. 

1. Steering column from vehicle. Refer to •steering 
Column Removal• in this seetion. 

STEERING COLUMN • TILT 3F2-7 

2. Upper steering column components. Refer to 
lrt.Jpper Steering Column Omlponents• in •Unit 
Repair - Tilt Steering Column (Manual 
Transmissiou•. 

3. Screws (lai). 
4. Lock housing cover (18). 
5. Tilt lever (90). 
6. HOUling cover end cap (44) and dimmer switch 

rod actuator (20). 
7. Cruise control comiector and malfunction Jever 

(89) if equipped. 
• Gc:otly pull pivot and switch usembly wire 

harness tbroqh the column housing (38) and 
column ltousing shroud (65). 

8. Pivot pin (45). 
9. Pivot and switch assembly (46). 

10. Spring retainer (43). 
11. Tilt spring (42) and spring guide (41). 

E3 lnatall ar Connect 
NOTICE: Ensure all fasteners are securely seated 
before applying required torque. Failure to do so 
may result in component damage or 
malfunctioning of steering column. 

1. Spring guide (41) and tilt spring (42). 
• Coat tilt spring with lithium grase before 

installing. 
2. Spring retainer (43). 
3. Pivot and switch assembly (46). 
4. Pivot pin (4S). 
5. Pivot and switch assembly wiring harness 

through the column housing shroud (65) and 
column housing (38). 

6. Dmuner switch rod actuator (20). 
- Bottom edge of dimmer switch rod actuator 

(20) should rest on bend in dimmer switch 
rod (66). 

8. Cover housing end cap (44). 
9. Cruise control connector and multifunction lever 

(89). if equipped._ 
10. Lock housing cover (18). 
11. Tilt lever (90). 

NOTICE: See •Notice• on page 3F2-1 of this 
section. 

12. Screws (14). 
• Tighten screws in a counterclockwise order 

beginning with the screw in the 12 o'clock 
position. 

~ Tighten 

• Screws (14) to 9.0 N ·m (80 lb. in.). 
13. Upper steering column components. Refer to 

"Upper Steering Column Components" in "Unit 
Repair - Tilt Steering Column (Manual 
Transrnissit>n)" in thi1 section. 

14. Column into vehicle. Refer to "Steering Column 
Removal" in this sectic;,n. 
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I• NUT, NIIACION JAM • • IIACK, IWITCH ACTUATOR 70 • IIIACKIT AIM, COLUMN DAIH 
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I• LOCK. INAPT ■ • IECTOR. IWITCH ACTUATOR 71 • RITAINIII, IEAIIING 
I• CAM AIM. TUIIN IIGNAL CANCELUNG 40 • ICIIIW, HIX WAIHIII HIAD 74 • IIAT, LOW.II IIAIIING 
7 • ll'IIING. UPPIR 81AlllNG 41 • GUIDI. IPIIIING 71 • IPIIING, LOWIR IIARING 
I• ICIIIW, IINDING HIAD CIIOU IIICIU a • 8PRING, WHIIL TILT 71 • RITAINIII, LOWD IPIIING 
t• ICRIW, IIOUND WAIHIII HIAD 41 • RITAINIR, SPRING 17 • IIANNG AIII, ADAPTER I 

10 .. ARII AIM, IIQNAL IWITCH iM • CAP, COLUMN HOU81NG COVIii IND 71 • 81AfllNG AIII 
11 • IWITCH AUi. TURN IIGNAL 41 • PIN, IWITCH ACTUATOR IIIYOT 71 • 8PACIR, ITIIIIING IHAPT 
11 • IIAT, UPPER IIAIIING INNIII RACE 41 • IWITCH AIM, PIVOT I IO• IIAL. JACKIT I DAIH IIIACKIT 
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30 • SPRING, IHOE 14 • SPRING, KEY RELEASE 
31 • SPRING, RELEASE LEVER 15 • SHROUD, STEERING COLUMN HOUSING 
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A. STEERING WHEEL 
8. HOANPAD 
C. SCREWS 
1. MTAINER 
2. NUT, HEXAGON JAM ,. 

Figure 9 - Removing Hom Pad, Retainer, and Jam Nut 

A. STEERING WHEEl 

Figure 10 - Removing Steering Wheel 

• RING. RETAINING 
5. LOCK. SHAFT' 

<IA. EXTRA RINGS 

Figure 11 - Removing 'Shaft Lock Retaining Ring 

'"l-~&@ 
~~~'.'• 

3. COVER. SHAFT LOCK 
5. LOCK. STEERING SHAFT 
I. CAM ASM, TUAN SIGNAL CANCEWNG 
7. SPRING, UPPER BEARING 

12. SEAT, UPPER BEARING INNER RACE 
t3. RACE, INNER 

Figure 12 - Removing Components from Upper Shaft 

I 

I. SCREW, BINOING HEAD CAOSS RECESs 
9. SCREW, R0UNO WASHER HEAD 

10. ARM ASM. SIGNAL SWITCH 
11. SWITCH ASM. TUAN SIGNAL 
D. HAZARD KNOB 
E. MULTFUNCTION LEVER 

Figure 13 - Preparation for Tum Signal Switch 
Removal 

11. SWITCH AIM;TUAN SIGNAL 
kPA0T'!CTOA,WIAING 

ICCOOOll-3 

Figure 14 - Turn Signal Switch Removal 

ti. SWITCH AIM. BUZZER 
11. a.P, IUZZER SWITOI AETAINNi 

Figure 15 - Buzzer Switch Removal 

~-1~7 ".J /~ 
17. SCREW, LOCK RETANNG 
11. LOCK CVUNDEA SET, STAG COLUW. 

Figure 16 - Removing Lock Cylinder Set 

,. 
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11. 8Ml'atAIM. TURN 9IBIW. 
M. ~ WIRNG 

FJgure 17 • Wire Hameu Through Column 

M. ICN:W. PAN tG M.0IIED 809 TN' 

" Rgure 18 - Lock Housing Cover Screw Positions 

a I.EVER AIM, TIS IU..lWUIC'nlN 
P'. CRUl8E C0NTRCL PLUG 

Figure 19 • Removing Lock Housing Cover 

• awm:HAIII. PMW a 

Figure 20 - Pivot and Switch Removal 
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" MM0VE 
RETAINER 

" 'INSTALL 
RETAINEfla 

Figure 21 - Tilt Spring Aaembly Removal 

CRUISE C0NTA0L 
WIIECQ>4NECT0fll 

20. ACTUATOR, OMER SMTCH A0D 

Figure 22 - Dimmer Switch Actuator/Cruise Control 
Connectors 

MID STEERING COLUMN COMPONENTS II 
Column Housing, Lack Shoal, 
Actuator Sector Aulmbly, 
Switch Actuator Rack 
Bearings and Lock Bolt 
Assembly. 

F",gu,_ 7 through 26 

E3 Remove or Disconnect 

Tools Required: 
J 1859-03 Steering Wheel Remover 
J 23653-B Lock Plate Compressor 
J 35689-A Terminal Remover 
J 21854-01 Pivot Pin Remover 

NOTICE: When the steering column is removed 
from the vehicle, it ia extremely susceptl"ble to 
damage. Dropping column assembly on its end 
could collapse steering shaft or loosen p1astic 
injections that keep the column rigid. Leaning on 
column assembly could cause jacket to bend or 
def'orm. Any of the above conditions could impair 
column's collapst"ble design. If steering wheel must 
be removed, use only the specified steering wheel 
puller. Never hammer on the end of the shaft 
because hammering could loosen plastic injections 
that keep the column rigid. 

1. Steering column from vehicle. Refer to •steering 
Column Removal• in this section. 



3F2-12 STEERING COLUMN· TILT 

l. Upper column components. Refer to •upper 
Steering Column Components• in •unit Repair 
- Tilt Steering Column (Manual Transmission)". 

3. Mid column components I. Refer to •Mid 
Steering Column Components r in •unit Repair 
- Tilt Steering Column (Manual Transmission}". 

4. Pivot pins (29) using J 21854-01. · 
• Reinstall tilt release lever (90). 
S. Column housing assembly (38). 

• Pull back on tilt lever and pull housing (38) 
down and away from column. 

6. Drive shaft (27). 
7. Switch actuator sector (39). 
8. Switch actuator rack (36) and preload spring 

(37). 
9. Release lever pin (32). 

10. Release lever (33). 
11. Release lever spring (31). 
12. Dowel pin (28). 
13. Lock shoes (25 and 26). 
14. Lock shoe springs (30). 
15. Bearings (22 and 34). 
16. Hex head bolt (40). 
17. Lock bolt spring (24). 
18. Lock bolt (23). 

E3 Install or Connect 

NOTICE: Ensure that all fasteners are securely 
seated before applying required torque. Failure to 
do so may result in component damage or 
malfunctioning of the steering column. 

1. Bearings (22 and 34) to column housing (38). 
2. Drive shaft (27). 
3. Actuator sector (39). 
4. _ Lock shoes (25 and 26). 
5. Dowel pin (28). 
6. Lock shoe springs (30). 
7. Release lever spring (31). 
8. Release lever (33). 
9. Release lever pin (32). 

10. Rack preload spring (37). 
11. Switch actuator rack (36) to switch actuator 

sector (39). 
12. Lock bolt (23). 
13. Lock bolt spring (24). 
14. Hex head bolt (40). 
15. .Column housing assembly (38) to column. 

. • Position column housing assembly (38) and 
align switch actuator rack (36) with pin on 
end of actuator rod (35). 

• Pull back on tilt lever (90), pushing column 
housing assembly (38) onto column housing 
support assembly (60). 

• Release tilt lever (90) to lock shoes (25 and 
26). 

• Remove tilt lever (90). 
16. Pivot pins (29), . lubricated with lithium grease. 

17. Mid steering column components I. Refer to 
·Mid Steerins Column· Components 1• in ·umt 
Repair - Tilt Steering - Column (Manual 
TransmissionY. 

18. Upper steering column components. Refer to 
•upper Steering Colmnn Components• in •unit 
Repair - Tilt Steering Column (Manual 
Transmissiony. 

19. Column into vehicle. Refer to ''Steering Column 
Removal" in this section. 

- PIN. PMJ1' KC0017 FZ-NIP 

Figure 23 - Removing Pivot Pins 

ZL 1101.T.LOCIC 
a 9 L ■cG.L0CIC101..T 
B. ltWT. DANE 
& PIN.DOWEL 
a MCLC. IMTCHM:IUATOR 
a IECl'OR. awnat ACTUATOR 
4G. ICIEW. tEX WAIi Eii HEAD II.C001 

Figure 24 - !-ock Housing Covar Assembly-Exterior 

21 

.. ~-
22134 

22,34.. BEAAINGASII 
a 8H0E, ST'EEAING 
21. SHCE. STEEAING WHEEL 
32. PIN, E EASE LEVER 
a LEVER. 8H0E ~I EASE 

Figure 25 - Lock Housing Cover Assembly-Interior 



a. 1H0E. IIW WHEELUJCIC 
■. lttO&. SIW WHEELL0CK 
a ACTUAlOR AIM. ICNTl0N SWITCH 

IQ" 
.. IIIACIC,lwrn:HACT\IA'TOA 
& H0118G, 81 EiNNG COLUMN 
& IUPPORT, ITEEFINCI C0LLMt HCUIING 

C0020,3f2.p.ftp 

Figure 26 - Column Housing to Column· Support 

LOWER STEERING COLUMN COMPONENTS 
Shaft Auambly, Column 
Housing Support Shift Tube 
Assembly, Ignition Switch. 
Dimmer Switch and 
Lawer Bearing Assembly 
Figura 7 through 33 a Remove or Disconnect 

Tools Required: 
J 1859-03 Steering .Wheel Remover 
J 23_653-B Lock Plate Compressor 
1 35689-A Terminal Remover 
1 21854-01 Pivot Pin Remover 

NOTICE: When the steering column is removed 
from the vehicle, it is extremely susceptible to 
damage. Dropping column assembly on its end 
could collapse steering shaft or loosen plastic 
injections that keep the column rigid. Leaning on 
column assembly could cause jacket to bend or 
deform. Any of the above conditions could impair 
the column•s collapsible design. If steering wheel 
must be removed. use only the specified steering 
wheel puller. Never hammer on the end of the 
shaft because hammering could loosen plastic 
injections that keep the column rigid. 

1. Negative(·) battery cable. 
2. Steering column f.rom vehicle. Refer to • Steering 

Column Removal' in this section. 
3. Upper steering column components. Refer to 

•upper Steering Column Components" in 'Unit· 
Repair - Tilt Steering Column (Manual 
TransmissionY. 

4. ·. Mid column components. Refer to "Mid Steering 
Column Components r and "Mid Steering 
Column Components II" in "Unit Repair - Tilt 
Steering Column (Manual Transmission)". 

S. Bearing retainer (73). 
6. Lower spring retainer (76). 
7. Lower bearing spring (7S). 
8. Lower bearing seat (74). 
9. Screws (72) and lower bearing (71). 

10. Shaft assembly (SS through 58). 
11. Lower shaft (S8) from shaft assembly. 

fflERING COLUMN· TILT 3F2-13 

12. Sphere (56) from upper shaft (55). 
13. Preload spring (57) from sphere (56). 
14. Screws (59). 
15. Housing support wembly (60) and dimmer 

switch rod (66). · 
16. Key release lever (63) and spring (64). 
17. Hex nut (68) and hex head bolt (SO). 
18. Dimmer switch (67). 
19. Mounting stud ( 49) . 
20. Column housing shroud (6S). 

EJ Install or Connect 

NOTICE: Ensure all fasteners are securely seated 
before applying required torque. Failure to do so 
may result in component damage or malfunctioning 
of the steering column. 

1. Column housing shroud (65) to jacket (69). 
2. Dimmer switch rod (66) to housing support (60). 

(60). . 
3. Key release lever (63) and spring (64). 
4. Housing support assembly (60) and screws (59). 

~ Tighten 

• Screws (S9) to 8.75 N •m (77 lb. in.). 
5. Actuator rod assembly (35) to track in housing 

support (60). 
6. Ignition switch ( 48) and mounting stud ( 49). 
7. Preload spring (57) and sphere (56) to upper shaft 

(55). 
8. Lower shaft (58) to upper shaft (55). 

- Block tooth on end of upper shaft (55) at the 
12 o•ciock position; notch at end of lower 
shaft (58) at the 4 o'clock position. 

• Lubricate shaft assembly with lithium grease. 
9. Shaft assembly (55 through 58) to column. 

10. Column housing assembly (38) to column. 
- Position column housing assembly (38) and 

align switch actuator rack (36) with pin on 
end of actuator rod (35). 

- Pull back on tilt lever (90) and push column 
housing assembly (38) onto column housing 
support assembly (60). Release tilt lever (90) 
to lock shoes (25 and 26). 

• Remove tilt lever (90). 
• Lubricate inner surface oflower bearing (71) with 

lithium grease. 
11. Lower bearing (71) and screws (72). 
12. Lower bearing seat (74). 
13. Lower bearing spring (75). 
14. Lower spring retainer (76). 
15. Bearing retainer (73). 
16. Dimmer switch (67), hex nut (68) and hex head 

bolt (50). 

(l] Adjust 
• Dimmer Switch. 

- Before tightening bolt (50) adjus~ ~r sw_itch 
in the elongated holes of the 1gnit1on switch 
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assembly so that a click can be heard when the turn 
signal lever is pulled to activate high and low 
headlamp beams. 

17. Tilt release lever (90). 
18. Mid column components. Refer to •Mid Steering 

Column Components· r and 'Mid Steering 
Column Components n• in 'Unit Repair - Tilt 
Steering Column (Manual TT8osmis.,ion)'. 

19. Upper column components. Refer to •upper 
Steering Column Components• in •unit Repair 
- Tilt Steering Column (Manual Transmisaon)'. 

20. Steering column into vehicle. Refer to 'Steering 
Column Removal'. 

21. Negative(-) battery cable. 

Figure 27 - Lower BearlnO Assembly 

51. SHAFT ASM, RACE A~ 
51. SPHERE. CBITEIWG 
57. SPRIG, J0NT PAEUW) 
51. SHAFT ASlt. LOWER S1'EEAIG 

It 

Figure 28 - Shaft AIHmbly 

SIi. SCREW, 9UPPOFIT 
ID. SI.JIPORi, 811:EWWW COi i Mii H0UIING 
e.,. LEVER. ICEY 
"-SPAINB.ICEY 
N. AOD,DIINEA SWITCH 

1'2-F-11" 

C0023-31'z.1'-lll' 

Figure 29 - Column Housing Support Assembly 

Figure 30 - Ignition and Dimmer Switche1 

a ACTUATOA AIM. IGNffl0N SWITCH 
ID, IUPPORT, STAG COL Hal 

Figure 31 - Actuator Rod to Housing Support 

MOVE IWffCH SLmEA 'TO IXTA8a! 
NCIHT P0lffl0N AND THIN ..::,va 
...... 0NI DITEN1' 'TO,,. 1.11'1' 
(0111' LOCK) 

41. IWffCH AIM. IGN a 11AM CHANGE 

" " 
Figure 32 - Ignition Switch Adjustment 

17. SWITCH. DIIIIWEA 

~TOP SURFACE 
0, H0USNJ 

Figure 33 - Dimmer Swlteh Adjustment 



UNIT REPAIR· TILT STEERING 
COLUMN (AUTOMATIC 

TRANSMISSION) 
UPPER STEERING COLUMN COMPONENTS 
Shaft lock, Tum Signal 
Cancelling Cam, Upper 
Bearing Spring, Upper 
Bearing Seat Upper Race Tum 
Signal Switch, Bumr Switch. 
and Lock Cylinder Set 
rl{JUrN 34 through 44 a Remove or Disconnect 

Tools Required: 
J 23653-B Lock Plate Compressor 
11859-03 Steering Wheel Puller 
1 35689-A Terminal Remover 

CAUTION: Failure to disconnect 
battery when working with wiring 
may cause electrical shock. 

NOTICE: Wheels of vehicle must be in straight 
ahead position and key must be in the lock position 
when removing or installing steering column. 
Failure to do so may ca• improper alignment of 
some components during installation resulting in 
malfunction. · 

NOTICE: When the steering column is removed 
from the vehicle, it is extremely susceptible to 
damage. Dropping column assembly on ita end 
could collapse steering shaft or loosen plastic 
injections that keep the column rigid Leaning on 
column assembly could cause jacket to bend or 
deform. Any of the above conditions could impair 
column •s collapsible design.· H steering wheel must 
be removed, use ooly the specified steering wheel 
puller. Never hammer on the end of the shaft 
because hammering could loosen plutic injections 
that keep the column rigid. 

I 

1. Negative (-) battery cable. 
2. Screws from back of steering wheel and horn pad. 
3. Hom lead from cam tower. 
4. Retainer (1) and jam nut (2). 
S. Steering wheel using J 1859-03. 
6. Steering column from vehicle. Refer to "Steering 

Column Removal'' in this section. 
• Place column on bench. 
7. Shaft lock cover. 
• Depress shaft lock (5) using J 236S3-B. 
8. Shaft lock retaining ring (4). 
9. Shaft lock and J 23653-B. 

10. Turn signal cancelling cam (6). 
11. Upper bearing spring (7). 
12. Upper bearing seat (12). 
13. Inner race (13). 
14. Screw (9) and signal switch ann (10). 
15. Screws (8). 

fflERING COLUMN--TILT 3F2-1& 

16. W"tring protector (47) · and hazard knob, . if 
removing tum signal switch. 
- If removal of the turn signal switch is not 

necessary do not perform this step. Allow 
switch to hang freely. 

- Gently pull wiring harness through column 
housing shroud (56), column housing (37) 
and lock housing cover (18). 

17. Turn signal switch (11). 
18. Key from lock cylinder set (19). 
19. Buzzer switch (15) and clip (16). 
• Reinsert key in lock cylinder set (19) and tum to 

the "LOCK" position. 
20. Lock retaining screw (17). 
21. Lock cylinder set (19). 

E) Install or Connect 

NOTICE: See "Notice" on page 3F2-1 for steps 2, 
Sand 6. 

NOTICE: Ensure all fasteners are securely 
seated before applying required torque. Failure to 
do so may result in component damage or 
malfunctioning of the steering column. 

1. Lock cylinder set (19). 
2. Lock retaining screw (17). 

,~, Tighten 

• Screw (17) to 2.5 N•m (22 lb. in.). 
• Turn key to "RUN" position. 
3. Buzzer switch (15) and clip (16). 
4. Wiring harness, ha7.ard knob and wiring protector 

(47), if removed. 
• Gently push wiring harness through the 

lock housing cover (18), column housing 
(37) and column housing shroud (56). 

S. Tum· signal switch (11) and screws (9). 

l~I Tighten 
• Screws to 3.4 N·m (30 lb. in.). 

6. Signal switch arm (10) and screw (9). 

~ Tighten 
• Screw (9) to 2.25 N•m (20 lb. in.). 

7. Inner race (13). 
8. Upper bearing seat (12). 
9. Upper bearing spring (7). 

10. Tum signal cancelling cam (6). 
11. Shaft lock (5). 
• Depress shaft lock (5) using J 23653-B. 

12. Shaft lock retaining ring (4). 
13. Shaft lock cover. 
14. Column into vehicle. Refer to •steering Column 

Removal" in this section. 
lS. Steering wheel. 
16. Nut (2) and retainer (1). 
17. Screws to back of steering wheel and hom pad. 
18. Negative(-) battery cable. 
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SAGINAW STEERING GEAR DIVISION 
GENERAL MOTORS CORPORATION 

I<-, No. ,..,. ,..,,.. l(.,No. ,..,.,..,,.. «., No. PIWf ,._. 

1 • RETAINER 33 • IEARING A8II " U • SPRING, LOWER IEARING 
2 • NUT, HEXAGON JAM 3' • ACTUATOR AIM, IGN SWITCH II - RETAINER, LOWER SPRING 
3 • COVER, SHAFT LOCK 31 • RACK, SWITCH ACTUATOR 17 - IUSHING, STRG. COLUMN JACKET 
4 • RING, "ETAINING 31 • IPRINO, RACK PRELOAD II - SCREW, WAIHIR HEAD 
I • LOCK, STEERING SHAFT 37 .. HOUSING, STEERING COLUMN 11 • STUD, DIMMER I IGNITION SWITCH IIOONT1NG 
I • CAM ASM, TURN SIGNAL CANCELLING 31 • SECTOR, SWITCH ACTUATOR 70 • SWITCH ASM, IGNITION 
7 • SPRING, UPPER IEARING 31 • SCREW, HEX WASHER HEAD 71 .. SCREW, PAN HD 
I • SCREW, BINDING HEAD CROSS RECESS 40 • GUIDE, SPRING 72 - HOUSING AIII, ION. SWITCH 1,_.IIITOR 
I · SCREW, ROUND WASHER HEAD 41 • SPRING, WHEEL TILT 73 - ADAPTER, LOWER BEARING 

10 • ARM ASM, SIGNAL SWITCH 42 • RETAINER, SPRING 74 • BEARING ASII 
11 • SWITCH ASM, TURN SIGNAL 43 • CAP, COLUMN HOUSING COVER END 75 • RETAINER, BEARING ADAPTER 
12 • SEAT, UPPER BEARING INNER RACE 44 • PIN, SWITCH ACTUATOR PIVOT 71 • CLIP, LOWER BEARING ADAPTER 
13. RACE, INNER 45 • SWITCH ASM, PIVOT I 77 • LEVER ASII, T/8 IIULTIFUHCTION 
14 • SCREW, PAN HEAD CROSS RECESS 41 • SPRING, PIN PRELOAD 71 • LEVER AIII, TILT RELEASE 
15 - SWITCH, ABM BUZZER 47 • PROTECTOR, WIRING 71- KNOB, HAZARD WARNING SWITCH 
11- CUP, BUZZER SWITCH RElAINING 41 • SHAFT ASM, RACE & UPPER IO· SPRING, HAZARD WARNING 
17 • SCREW, LOCK RETAINING 41 • SPHERE, CENTERING 11 • BUTTON, HAZARD WARNING 
11 • COVER, LOCK HOUSING . 50 • SPRING, JOINT PRELOAD 12 • SCREW. OVAL HEAD 
19 - LOCK CYLINDER SET, .STEERING COLUMN51 • SHAFT ASM, LOWER STEERING 13 • BRACKET AIII, STRG. COL SUPPORT 
20 - ACTUATOR, DIMMER SWITCH ROD 52 • SCREW SUPPORT ASSflf8UES 
21 • BEARING ASM 53 • PIN, DOWEL 
22 • BOLT, LOCK 54 • SUPPORT, STEERING COLUMN HOUSING O • COLUMN AIII, E/A STEERING 
23 • SPRING, LOCK BOLT 55 • PLATE, LOCK 101 • COVER SERV. AIII. LOCK HIG 
2.t • SHOE, STEERING WHEEL LOCK SI • SHROUD, STEERING COLUMN HOUSING 102 • HOUSING AIII, STEERING COLUMN. 
25 • SHOE, STEERING WHEEL LOCK 57 • JACKET AIM, STEERING COLUMN 103 • JACKET AIII. STEERING COLUMN 
21 • SHAFT, DRIVE 51 • ROD, DIMMER SWITCH ACTUATOR 104 • SHAFT AIII, STEERING 
27 • PIN, DOWEL 51 • SWITCH ASII, DIMMER 105 • SUPPORT AIM, STAG. COL HOUSING 
21 • PIN, PIVOT 10 • NUT, HEXAGON 
21 • SPRING, SHOE 11 • BEARING ASM, ADAPTER & SERVICE M'S 
30. SPRING, RELEASE LEVER ~. SCREW, HEX WASHER HEAD TAPPING 
31 • PIN, RELEASE LEVER U • RETAINER, BEARING 201 • SHAFT REPAIR KIT, IN.I. STEERING 
32. LEVER, SHOE RELEASE M • SEAT, LOWER BEARING 202 • SWITCH A&II HRV. KIT, PIVOT A 
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A. STEEAING WHEEL 
I. HOANPAD 
C. SCREWS 
1. FETAINEA 
2. NUT. t-EXAG0N JAM 

Figure 38 • Removing Hom Pad, Retainer .end Jam Nut 

A. STEEIING WHEB. 

Figure 37 - Removing Steering Wheel 

4. RING, RETAINING 
5. LOCK. SHAFT 
~ EXTRA RINGS 

Figure 38 • Removing Shaft Lock Retaining Ring 

'"l-~&0 
.~~'·'· 

3. COYER. SHAFT LOCK 
5. LOCK. STEERING SHAFT 
a. CAM ASM. TURN SIGNAL CANCELLING 
7. SPRING, UPPER BEARING. 

12. SEAT,LPPEABEMN3NEAMCE 
13. RACE. INNER 

Figure 39 - Removing Components from Upper Shaft 

I 

a. SCREW, BINDING HEAD CROSS RECESS 
9. SCREW, ROUND WASHER HEAD 

10. ARM ASM, SIGNAl.SWfTCH 
11. SWfTCH ASM. TURN'SIGNM. 
i:>. HAZARD KNOB 
E. IAJLTIFUCTION LEVER 

Rgure 40 - Preparation for Tum Signal Switch 
Removal 

11. SWITCH AIM. Tl.RI 9NINM. 
47. PAOTEC10R. WIMD 

Figure 41 - Tum Signal Switch Removal 

ti. IWITCH AIM. IUZZER 
ti. CLP, IIUZZBI swn'Ot ftETMIWG K 

Figure 42 - Buzzer Switch Removal 

17. ICAEW, L0CK flETA.-..G 
ti. LOCK CVUNDEA SET. STAG C0WMN 

Figure 43 - Removing Lock Cylinder Set 



17. HCUUG. STEERING~ 
31. B0Wl. FLOOR SHFT 
32. SCREW. BINDING HD CA0SS RECESS 
11. SHAOUD. StFr lOWL 

Figure 44 - Wire Hameu Through Column 

MID STEERING COLUMN COMPONENTS I 
Lock Housing Caver, 
Cavtr End Cap, 
Pivot Ind Switch Allembly, 
Dimrmr Switch Rod 
Actuator, and Tilt 
Spring Aslambly. 
Figu,N 34 through 49 

a Remove or Disconnect 

Tools Required: 
J 23653-B Lock Plate Compnssor 
J 35689-A Terminal Remover 
J 1859-03 Steering Wbecl Puller 

NOTICE: When the steering column ia removed 
from the vehicle, it is extremely susceptt'ble to 
damage. Dropping column assembly on its end 
could collapse steering shaft or loosen plastic 
injections that keep the column rigid. Jonmg on 
column assembly could cause jacket to bend or 
deform. Any of the above conditions could impair 
column's collapsible design. If steering wheel must 
be removed, use only the specified steering wheel 
puller. Never hammer on the end of the shaft 
because hammering could loosen plastic injections 
that keep the column rigid. 

1. Steering column from vehicle. Refer to •steering 
Column Removal" in this section. 

2. Upper steering column components. Refer to 
•upper Steering Steering Column Components• 
in "Unit Repair - Tilt Steering Column (Automatic 
Transmission)". 

3. Screws (14). 
4. Lock housing cover (18). 
S. Tilt lever. 
6. Housing cover end cap (43) and dimmer switch 

rod actuator (20). 
7. Cruise control connector and multifunction lever 

if equipped. 
• Gently pull pivot and switch assembly wire 

harness through the column housing (37) and 
column housing shroud (56). 

8. Pivot pin (44). 
9. Pivot and switcli assembly (4S). 

fflERING COLUMN· TltT 3Ft-19 

10. Spring retainer (42). 
11. Tilt spring (41) and spring guide (40). 

8 Install or Connect 
NOTICE: Ensure all fasteners are securely seated 
before applying required torque. Failure to do so 
may result in component damage or 
malfunctioning of steering column. 

1. Spring guide (40) and tilt spring (41). 
• Coat tilt spring with lithium grease berore 

installing. 
2. Spring retainer (42). 
3. Pivot and switch assembly ( 4S). 
4. Pivot pin ( 44). 
5. Pivot and switch assembly wiring harness 

through the column housing shroud (56) and 
column housing (37). 

. 6. Dimmer switch rod actuator (20). 
- Bottom edge of dimmer switch rod actuator 

(20) should rest on bend in dimmer switch 
rod (58). 

8. Cover housing end cap (43). 
9. Cruise control connector and multifunction lever, 

if equipped. 
10. Lock housing cover (18). 
11. Tilt lever. 

NOTICE: See "Notice" on page 3F2-1 of this 
section. 

12. Screws (14). 

- Tighten screws in a counterclockwise order 
beginning with the screw in the 12 o'clock 
position. 

~ Tighten 

• Screws (14) to 9.0 N·m (80 lb. in.). 
13. Upper steering column components. Refer to 

•upper Steering Column Components" in •unit 
Repair - Tilt Steering Column · (Automatic 
TransrnissiQD)" . 

14. Column into vehicle. Refer to •steering Column 
Removal" in this section. 

M. 8CREW, PAN f,I) M C8ED ICC TAP 

Figure 46 - Lock Housing Cover Screw Positions 



3F2-20 fflERING COLUMN • TILT 

.._F 
11. COVER. LOCK H0U81NG 
f. CIUS! C0N1'IIDL PUIG 
G. LEYEfl AIM. TJ8 MI.LTFUNC110N 

Figure 48 - Removli:,g Lock Hou1lng Cover 

44. PIN. swrTCH ACTUATOR PIVOT 
a SWl10I AIM. PN0T I 

Rgure 4 7 - Pivot and Switch Removal 

PHl.lJIIHD. 

42. fETAINEA. 8PAINB 

" ABillYE 
AETAINEA 

" INSTALL 
RETAINER 

RP 

Figure 48 - Tilt Spring Assembly Removal 

CAUl8E CONTIU. 
WIAECOMerrOflS 

20. ACTUATOR, DMaEA SWITCH AOO 
IC t LIF2-F-IIP 

Figure 49 - Dimmer Switch Actuator/Cruise Control 
Connectors 

MID STEERING COLUMN COMPONENTS 11 
Column Housing; Lock Shoes, 
Actuator Sector Assembly, 
Switch Acwator Rack 
Bearings and Lock Bolt 
Assembly. 
F",gufN :U through 53 

NOTICE: When the steering column is removed 
from the vehicle. it is extremely susceptible to 
damage. Dropping column asac:mbly on its end 
could collapse steering shaft or looacn plutic 
injections that keep the column rigid. Iamng on 
column assembly could cause jacket to bend or 
deform. Any of the above conditions could impair 
column's collaps1ole design. If steering wheel must 
be removed, use only the specified steering wheel 
puller. Never hammer on the end of the shaft 
because hammering could loosen plastic injections 
that keep the column rigid. 

l++I Remove or Diaconnect 
Tools Required: 

J 1859-03 Steering Wheel Remover 
J 23653-B Lock Plate Compressor 
J 35689-A Terminal Remover 
J 21854-01 Pivot Pin Remover 

1. Steering column from vehicle. Refer to •steering 
Column Removal• in this section. 

2. Upper column components. Refer to "Upper 
Steering Column Components• in •umt Repair 
- Tilt Steering Column (Automatic 
Transmission)*. 

3. Mid column components I. Refer to • 'Mid 
Steering Column Components I" in "Unit Repair 
- Tilt Steering Column (Automatic 
Transmission)". 

4. Pivot pin (28) using J 21854-01. 
• Reinstall tilt release lever. 
5. Column housing (37). 

- Pull back on tilt lever and pull housing (37) 
down and away from column. 

6. Drive shaft (26). 
7. Switch actuator sect.or (38). 
8. Switch actuator rack (35) and preload spring 

(36). 
9. Release lever pin (31). 

10. Release lever (32). 
11. Release lever spring (30). 
12. Dowel pin (27). 
13. Lock shoes (24 and 25). 
14. Lock shoe springs (29). 
15. Bearings (21 and 33). 
16. Hex head bolt (39). 
17. Lock bolt spring (23). 
18. Lock bolt (22). 

E3 Install or Connect 
NOTICE: Ensure that all fastenen are securely 
seated before applying required torque. Failure to 



do so may result in component damage or 
malfunctioning of the steering column. 

1. Bearings (21 and 33) to column housing (37). 
2. Drive shaft {26). 
3. Actuator sector (38). 
4. Lock shoes (24 and 25). 
S. Dowd pin (27). 
6. Lock shoe springs (29). 
7. Release lever spring {30). 
8. llelease lever {32). 
9. llelease lever pin (31). 

10. Rack preload spring {36). 
11. Switch actuator rack (35) to switch actuator 

sector {38). 
12. Lock bolt (22). 
13. Lock bolt spring (23). 
14. Hex head bolt (39). 
15. Column housing (37) to column. 

• Position column housing (3 7) and align 
switch actuator rack (35) with pin on end of 
actuator rod (34). 

• Pull back on tilt lever, pushing column 
housing (37) onto column housing support 
assembly (54). 

• Release tilt lever to lock shoes (24 and 25). 
• Remove tilt lever. 

16. Pivot pins (28), lubricated with lithium grease. 
17. Mid steering column components I. Refer to 

''Mid Steering Colom Components I'' in 
"Unit Repair - Tilt Steering Column (Automatic 
Transmission)". 

18. Upper steering column components. Refer to 
"Upper Steering Column Components• in •unit 
Repair - Tilt Steering Column (Automatic 
Transmission). 

19. Column into vehicle. Refer to •steering Column 
Removal•. 

20. Negative{-) battery cable. 

.. PIN,PMJT p 

Figure 50 - Removing Pivot Pins 
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a 101.T.LOCK 
a SPRING. LOCK IIOLT 
21. IHAFT. 0FIIYE 
ff. PIN. DOWEL 
31, flACK. SWITCH ACTUATOA 
31. SECTOR, SWITCH AC1UATOA 
·S ICAEW, HEX WASHER HEAD 

Agure 61 - Lock Ho!,!slng Cover Assembly-Exterior 

Figure 52 - Lock Housing Cover Assembly-Interior 

31. MCI<, SWITCH ACTUAT0R 
ff, HCUSINO, STEEANG C0WMN 
54. SUPPORT, STEERING C0L.lNil H0UaNG 

:J-3f'U.flP 

Figure 53 • Column Housing to Column Support 

LOWER STEERING COLUMN COMPONENTS 
Shaft Assembly, Column 
Housing Support, Shift Tube 
Assembly, Ignition Switch, 
Dimmer Switch, and Lower 
Bearing Assembly. 
F,gul'N 34 through 60 

E3 Remove or Disconnect 

Tools Required: 
I 1859-03 Steering Wheel Remover 
J 23653-B Lock Plate Compressor 
I 35689-A Terminal Remover 
J 21854-01 Pivot Pin Remover 

a 

NOTICE: When the steering column is removed 
· from the vehicle, it is extremely susceptible to 
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damage, Dropping column assembly on its end 
could collapee steering shaft or loosen p1utic 
~ that keep the· column rigid. uan1ng Qll 

column wembly could cause jacbt to bend or 
. def'orm. Any. of the above conditions could impair 
column's collapsible deaign. H steering wheel must 
be removed, uae only the spr&ffied ,teering wheel 
puller. Never hamn,er on the end ~ the shaft 
because hammering could lOOlell plastic injeccions 
that bep the column rigid. 

1. Negative(·) battery cable. 
2. Stceriq column from vehicle. R.der to •stemng. 

· Column R.cmoYa1• in this section. 
3. Upper steering column components. Refer to 

--Opper Steering Column Components• in •unit 
Repair - T"dt Steering Column (Automatic 
Tnomrission)•. 

4. Mid column components. Refer to •Mid Steering 
Column Components i- and •Mid Steering 
Column Components n· in •unit Repair - Tdt 
Steering Column (Automatic TransrniuitmY. 

5. Bearing retainer (63). 
6. Lower spring retainer (66). 
7. Lower bearing spring (65). 
8. Lower bearing seat (64) • . 
9. Screws (62) and l~er beatillg (61). 

10. Shaft usembly (48 through 51). 
11. Lower shaft (SI) ~ abaft wembly. 
12. Sphere (49) from upper shaft (48). 
13. Preload spring (SO) from sphere (49). 
14. Screws (52). 
15. Housing support uaembly (54) and dimmer 

switch rod (58). 
16. Lock plate (55). 
17. Shroud (56). 
18. Hex nut (60) and washer screw (68). 
19. Dimmer switch (59). 
20. Mounting stud (69). 
21. Ignition switch (70) and ignition switch actuator 

uacmbly (34). 

E3 Install ar Connect 

NOTICE: See •Notice' on page 3F2-1 of tbis 
section for steps I, 4, 9 and 14. 

NOTICE: Ensure all futcnma an: accurely seated 
before applyina required torque. Failure to do 80 
may rault in component damage or 
malfunctioning of the steering column. 

1. Ignition switch (70), and ignition switch actuator 
(34), mounting stud (69), and screw (68). 

~ Tiglrtln 

• Screw (68) to 3.4 N·m (30 lb. in~). 
2. Column housing shroud (56) to jacket (57). 
3. Lock plate (55). 

4. Housing support •uernbly (54) and screws (52). 

Ill Tlghtln 

• Screws to 8. 75 N ·m (7J_ lb. in.) . 
S. Preload spring (50) and sphere (49) to the upper 

shaft (48). 
6. Lower shaft (51) to upper shaft (48). 

- Block tooth on end of upper shaft (48) at the 
12 o'clock p0lition; notch at the end of the 
Iowa- abaft (51) at the 4 o'clock poaition. 

• Lubricate shaft aaaembly (48 through 51) with 
lithium grease. 

7. ~ aacmhly (48 through 51) to column. 
8. Column housing assembly (37) to column. 

• Position column housing aaaembly (37) and 
align switch actuator rack (35) with pin on 
end of actuator rod (34). 

• Pull back on tilt lever and push column 
housing enernbly (37) onto column housing 
support assembly (54). Re1euc tilt lever to 
lock shoes (24 and 25). 

• Remove tilt lever. 
• Lubricate inner surface of lower bearing (61) with 

lithium grease. 
9. Lower bearing (61) and screws (62). 

~ Tightln 

• Screws .(62) to 3.4 N ·m (30 lb. in.). 
10. Lower bearing seat (64). 
11. Lower bearing spring (65). 
12 Lower spring retainer (66). 
13. Bearing retainer (63). 
14. Dimmer switch (59), hex nut (<,Q) and washer 

head 8CffW (68). 

Ill Adjust 

• Dimmer switch (59). 
• Before tightening screw (68) adjust the 

dimmer switch in the elongated holes 
of the ignition switch ftlllmlbly 80 the 
click can be heud when the tmn 
signal lever is punec1 to activate high 
and low headlamp 1>earns. 

~ T1gh11n 

• Scmn (68) to 3.4 N ·m (30 lb. in.). 
15. Tilt lever. 
16. Mid colwu,. components. Refer to "Mid Steering 

Cohmm Components I" and .. Mid Steering 
ColWDD Cornponcms Il'' in Unit Repair - Tilt 
Steering Column (~utomatic Transmiui,in)''. 

17. Upper column components. Refer to •upper 
Steering Column Components• in •unit Repair 

Tilt Steering Column (Autopiatic 
TnDSJDisaionY. 

18. Steering column into vehicle. Refer to •Steering 
Column Removal• in this section. 

19. Park lock cable. 
20. Negative(-) battery cable. 



-~~ ~/<fv\r 
11.IENINIA"llt.~~
IL ICAEW, HEX WASHER HEAD TAPPING 
13. RETAINER. IEAAING 
14. SEAT, LOWEA IIEHING 
II. SPRING. LOWER IENING 
II. RETAINER. L0WIA IEARING 

Rgure 64 • Lower Bearing Assembly 

5Z. SCREW, SUPPORT 
54. a.PORT, STEERING C0WMN H0USN3 
51. FICO, OMER SWITCH ACTUATOR 

Figure 56-Column Housing Support Assembly 

3'. ACTUATOft AIM. IGNITION swrTOH 
54. SUPPOAT, STEERING C0LIJMN H0USINO . 

Figure 58 - Actuator Rod to Housing Support 

5-- SWITCH ASM. DIMMER 

..,_ TCP _,,.ACE 
OFHOUIING 

lr.CCIOM-a p 

Figure 80 - Dimmer Switch Adjustment 

STEERING COLUMN -TILT 3F2-23 

Figure 66 • Shaft Assembly 

■. SWITCH ASM, OMER 
m. NUT, HEXAGON 
a SCREW, WASHEFI HEAD 
•· STUD, OMER & IGNITDI SWITCH M0UNTINB 
10. SWITCH AIM. IGNITION 

.. p 

Figura 57 - Ignition and Dimmer Switches 

MOVE SWITCH SUDER TO EXTABII 
flGHT POSn0N AND THEN IDIE 
II.IDEA ONE DEi ihl' TO ntE U!FT 
(OFF LOCK) 

7V. SWITCH ASM. IGNITION 
F2-r'-IIP 

Figure 59 - Ignition Switch Adjustment 
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SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

Lower Intermediate Shaft-
to-Steering 0ea,r Clamp Bolt ...•.•....•..•.....•..•....•..••.•••..•.••••.•.•......•.••...........•... i40 N ·m (~O lb. ft.) 

Upper Intermediate Shaft-to-Steering 
Collllllll Nut .................................................................................................... 6() N ·m (44i- lb. ft.) 

Intermediate Shaft Flange-to-Flexlole . 
Coupling :Bolts ...••...•••.....•.••..•.•. : ..................................................................... 40 N ·m (30 lb. ft.) 

Tum Signal Switch Attaching Screws ............................................................ 3.4 N ·m (30 lb. in.) 
Signal Switch Arm Attaching Screw ............................................................. 2.25 N•m (20 lb. in.) 
I...ock Housing Cover Screws ........................................................................... 9.0 N ·m (80 lb. in.) 
Dimm.e:r Switch Attachin.g Screw ·····••I>••·........................................................ 3.4 N • m (30 lb.· in.) 
Lock Cylinder Retaining Screw ......... - ........................................................... 2.S N ·m (22 lb. in.) 
Column Housing Support Attaching Screws ................................................ 8.75 N ·m (77 lb. in.) 

STEERING COLUMN JACKET DIMENSIONS 
. From End of Bearing Assembly to the 
Lower Edge of the Upper · 
Jacket .....•........................••.•.••....•.......•..•...••..............•......•.••••...•......... 159.14 mm (6.625 inches) 

[!] STEERING WHEEL PULLER 

0 PIVOT PIN REMOVER 

[!] LOCK PLATE COMPRESSOR 

0 TERMINALREMOVER 

SPECIAL TOOLS 

J2854-01 

~1-
[I] J • t -.., J 23653-8 

I Dr--. 

l -

~ 



PROPEWR SHAFT 4.A.1 

SECTION 4A 

PROPELLER SHAFT 
The following "Notice,. applies to one or more steps in the assembly procedure-of components ·in this portion 

of the manual as indicated at appropriate locations by the terminology: • "NOI'ICE: See • "Notice" on page 4A-l of 
this section." · · 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 
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GENE~AL DESCRIPTION 
PROPELLER SHAFT 
Figure 1 

Torque is transmitted from the transmission to 
the rear axle differential carrier through the one piece 
propeller shaft and universal joint assemblies. 

A universal joint (3) and splined slip yoke (1) are 
located at the transmission end of the propeller shaft 
(2) where they are held in alignment by a bushing in 
the transmission extension housing. The slip yoke (1) 
permits fore-and-aft movement of the propeller shaft 
(2) as the differential assembly moves up and down. 
The spline is lubricated internally by transmiaion 
lubricant. An oil seal in the transmission extension 
housing prevents fluid leakage and protects the slip 
yoke from dust, dirt and other harmful material. 

A second universal joint (3) is used where the 
propeller shaft (2) connects to the rear axle pinion 
yoke. 

If a vehicle is to be undercoated, the propeller 
shaft (2) must be kept completely free of undercoating 
material. Undercoating material or any other foreign 
material will upset the propeller shaft balance and 
produce serious vibration. 

UNIVERSAL JOINT 
The universal joints are lubricated for life and 

consist of spider and bearing assemblies. The spider is 
shaped like a cross having arms of equal length called 
tnmnions. If it becomes necessary to replace a 
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universal joint the entire propeller shaft must be 
removed from the vehicle. Care should be taken to 
avoid jamming or bending any parts of the assembly. 

On vehicles with steel propeller shafts, 
production universal joint bearing caps are retained by 
nylon injected rings (4 ). Aluminum propeller shafts 
and all service replacement universal joints use snap 
rings to retain the bearing caps. 

DIAGNOSIS 
Four major component groups are usually the 

cause of or are related to Vt'bration. 
- Engine and mounts. 
- Transmis&on and mount. 
- Tires,·whecls and brake drums/rotors. 
- Propeller shafts and universal joints. 

Before road testing a vehicle, check the following: 
1. All fasteners for tightness at universal joint, 

wheel nuts and engine trammissfon mounts. 
2. TU'C air pressure. 
3. Load conditions. 

ROAD TEST 
Road test the vehicle to verify the vibration. 

Record the speed and rpm at which the greatest 
vibration occurs. The vibration is likely to be in two 
places, in the steering wheel or in the scat bottom~ The 
road test can be helpful in locating the vibration source. 
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Figure 1 - Typical Propeller Shaft 

COAST TEST 

NOTICE: When performing a "Coast Test• on a 
vehicle equipped. with an automatic transmission, 
caution must be taken when returning selector 
lever from 'NEUTRAL 'to 'DRIVE' to avoid 
transmision damage. When shifting from 
"NEUTRAL• to •nRIVE•, remember to: 

1. Maintain engine speed at 1500 rpm. 
2. Brake to 40 km/h (25 mph). 
3. Return selector to "DRIVE'. 

Drive the vehicle past the vt'bration speed, shift 
into "NEUTRAL" and coast back through the 
vibration speed. D_uring a -coast test two kinds of 
vibration normally occur: a shaking or a buzzing. A 
shaking vibration is usually the tires or a wheel and 
brake drum or rotor assembly problem. A ·. buzzing 
vibration is usually a driveline problem. 

DIAGNOSIS OF PROPELLER SHAFT 
PROBLEM 
Leak at front slip 
yoke. (An occasional 
drop of lubricant -
leaking from the slip 
yoke is normal and 
requires no 
attention.) 

Knock: in driveline; 
clunking noise ·when 
vehicle is operated 
under float condition at 
16 km/h (10 mph) in 
high gear or "NEUTRAL,.,. 

POSSIBLE CAUSE 
1. Rough outside surface 

on slip yoke. 

2. Faulty transmission 
rear oil" seal. 

1. Worn or damaged 
universal joints. 

2. Side gear hub 
counterbore in 
differential worn 
oversize. 

CORRECTION 
1. Replace the seal if cut by 

burrs on yoke. Minor 
burrs can be smoothed by 
careful use of crocus 
cloth or honing with a 
fine stone. Replace the 
yoke if the outside 
surface is rough or 
burred badly. · 

2. Replace the trans
mism.on rear oil seal. 

3. Bring transmission oil 
up to the proper level 
after correction. 

1. Replace universal 
joints. 

2. Replace the differential 
case and/or side 
gears as required. 
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·Ping, snap, or clicking 
noilc in driveline. 

1. Loose upper or lower 
control arm bushing 
bolts. 

1. Tighten the bolts to 
specified torque. 

2. Worn of damaged 
universal joints. 

2. Replace universal 
joint. 

Scraping noise. I. Slinger rubbing on 
tile rearule 
carrier. 

1. Straighten the slinger 
to ·remove 
interference. 

To determine whether the propeller shaft is 
causing the problem, drive the vehicle through the 
speed range and note at which vehicle speed the 
problem is most pronounced. Shift the transmission 
into a lower gear range and drive the vehicle at the 
same speed as when the problem was most 
pronounced. . 

If the problem is still pramt at the same vehicle 
speed, the propeller shaft may be at fault. Rd'er to the 
propeller shaft: diagnostic chart. 

ON"VEHIC'LE SERVICE 
PROPEUER SHAFT RUNOUT MEASUREMENT 

Noise or Vl'bration at high speed could be ca118Cd 
by a bent propeller shaft. 'the propeller shaft could 
have been damaged by rough handling or a collision. 
Check for propeller shaft straightn~. 

l. Raise the vehicle on a twin post hoist so that the 
rear is aupportcd on the rear axle housing and the 
wheda can spin. 

2. Mount a dial indicator on a movable su~rt that 
is high enough to permit contact of the indicator 
button with the propeller shaft (2). or mount the 
dial indicator to a magnetic base and attach to a 
smooth place on the vebiclc underbody. ReacJings 
are to be taken at points indicated as shown 
(Figure 3). 

3. With tnmsrnission in •NEUTRAL•, check for 
runout by turning a rear wheel to rotate the 
propeller shaft (2). 

NOTICE: Care must be taken not to include 
indicator variation. caused by ridges, flat spots or 
other variations in the tube. 

4. If runout exceeds specifications, rotate the 
propeller 180 degrees at the rear axle pinion yob. 
lnsbdI dial indicator and check runout again. 

5. If runout is still over specifications, check rear 
axle ~on yoke for runout. If runout is still over 
specificationa, ~lace the pr~er abaft (2), but 
only after checking for vibration or noise. 

6. Lower the vehicle. 

PINION YOKE RUNOUT MEASUREMENT 
Flgun4 

Tools Required: 
J 35819 Companion Flange Runout Gage 
J 8001 Dial Indicator Set 

1. Measure pinion yoke runout using 135819 and J 
8001. Record runout and mark high and low 
points of pinion yoke. 

Z If pinion yoke runout ia O. lS mm (0.006 inch) or 
less, remove the pinion yoke balance weight, if 
118Cd. No further action is required. 

3. If pinion yoke runout is over 0.15 mm (0.006· 
inc~). but less ,than 0.28 mm (0.011 inch) and the 
balance weight is at or near the low point of 
pinion yoke nm.out, no further action is required. 
If balance weight is not at or near the low point 
of pinion yoke nmout, remove the weight. 

4. If pinion yoke runout is over 0.28 mm (0.011 
inch). but no greater than 0.38 mm (0.015 inch), 
and the baJance weight is at or near the low point 
of pinion yoke runout, ,no. further action is 
required. 

5. If the balance weight is not at or near the low 
point of pinion yoke runout, remove the weight 
and rotate the pinion yoke until nmout is 0.25 
mm (0.010 inch) or less. 
lfimpoSStnle to aM:hieve 0.25 mm (0.010 inch) or 
less nmout, install a new pinion yoke Ind recheck 
for 0.25 mm (0.010 inch) or less runout. 
Service replacement pinion yokes are not 
equipped with baJan.ce weights and no weights 
should be added. 

UNIVERSAL JOINT ANGLE MEASUREMENT 
r,gutM 3 and 4 

When torque is transmitted through any ordinary 
univenal joint, the driven yoke fluctuates slightly in 
speed. In other words, although the driving yob 
rotates at a constant speed, the driven yoke speeds up 
and slows down twice per revolution. This f1uctuation 
of the driven yoke is ill direct proportion to the angle 
through which the universal joint is operating; the 
greater the angle, the-greater the fluctuation. 

When two univenal joints are used. this 
fluctuation effect can be eJirninat:ed by staggering the 
join~ so that the dri~g yokes are 90 ~~ apart, 
provided the two JOID.ts arc transmitting torque 
through the same angle. 

Therefore, when two univcrsaljoints are;osed, the 
.angles through which they operate must be Vt:rJ nearly 
the same. This allows the alternate acceleration and 
deceleration of one joint to be offset by the alternate 
acceleration and deceleration of the second joint. When 
the two joints do not nm at approximately the same 
angle, operation is rough and an objectionable 
vibration is produced. 
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PROPELLER SHAFT DIAGNOSIS 

DRIVE VEHICLE TO DETERMINE 
PROBLEM &, SPEED 
IACCELERA TION-ROAD-ENGINE) 

DRIVE AT ROAD SPEED ON 
SMOOTH ROAD 

RIDE AND EVALUATE AT 50 PSI TIRE PRESSURE 

IMPACT BOOM 
ROUGH ROAD 

CHECK TIRES, SUSPENSION 
AND/OR BODY COMPARTMENT 

PROBLEM NOT IMPROVED PROBLEM IMPROVED 

PLACE VEHICLE ON HOIST, 
REMOVE REAR WHEELS AND 
VERIFY PROBLEM SPEED 

DAMAGED ~HAFT JI UNDERCOATING 
ON SHAFT 

REPLACE SHAFT I I CLEAN SHAFT 

SEE TIRE CHECK 

MISSING BALANCE 
WEIGHT 

BALANCE SHAFT 

CHECK AND/OR BALANCE WHEELS 

BURRS OR NICKS ON 11 EXCESSIVE LOOSENESS 
SUPPORT YOKE AND/OR 'AT SUP YOKE SPLINE 
PINION YOKE 
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NOTE: 
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(4.0IN.J 

" Figure 3 - Propeller Shaft Runout Me■1urement 

J8001-2 J8001·3 

0 MAXIMUM INDICATOR READING 
ICC 

Figure 4 • Pinion Yoke Runout 

The actual optimum angles desired must take into 
consideration the effects of various passenger load and 
rear axle windup during acceleration. It is unlikely that 
the front and rear universal joint angles will be found 
to be the same in actual practice. 

Universal joints are designed to operate safely 
and efficiently within certain angles. If the designed 
angle is exceeded, the joint may be broken or otherwise 
damaged. 

The front universal joint angle is actually the 
angle between the engine-ttansmissil.')Jl centerline and 
the propeller shaft centerline. This angle is determined 

by the design of the frame assembly and may be altered 
by adding or removing shims between the transmission 
and the tnmsmissinn mount. 

Adding one shim at the transmission mount will 
decrease the transmission universal joint angle by 1/2 
degree and increase the differential universal joint by 
1/4 degree. If one shim is removed the transmission 
angle will increase 1/2 degree and decrease differential 
angle 1/4 degree. The production ttansmission mount 
bolt is an Ml0-1.5 x 30 mm. When installing two or 
more shims, a longer bolt must be used. 
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All comments of propeller shaft vt'brations should 
be accompanied by rear trim height meuurements at 
curb weight. An ~correct trim height may cause some 
vibration. If vibration is severe enough. removal or 
installation of spring shims may be required. If any 
irregular roughneu or vibration is detected in the 
driveline, the ~t and rear universal joint angles 
should be checked. If the vehicle is involved in a severe 
rear end collision, or if the rear axle carrier is replaced, 
the rear universal joint angle should be checked and the 
control arms replaced if necessary. 

Inclinometer Method 
Flgurm 6 through 9 

Tool Required: 
J 23498-A Driveshaft Inclinometer 

This method can .be used with the vehicle over a 
pit or on a drive-on platform hoist, as long as the 
vehicle is at curb weight with a full tank of gasoline. 
Jounce vehicle up and down to assure curb height. 
Before universal joint angles can be checked, the 
measurements specified (the distance between the top 
of the axle tube and the bottom of the frame) must be 
met. To ensure an accurate measurement, weight may 
have to be added to the vehicle to reach these 
specifications. 

Readings should t,e taken at the following 
locations in the following ~er: 

Angle at Rear Universal Joint 

Ill M111ure 

1. Rear propeller shaft universal joint bearing cap 
(5) using J 23498-A. Record. The bearing cap 
must be straight up and down and free of dirt or 
other foreign material (Figure 6). 

• Rotate the propeller shaft 99 degrees. 

2. Pinion yoke bearing cap (6), using J 23498-A. 
Record (Figure 7). 

Al,LVIHICLES 

AXLE TUBE UNIVERSAL 
TO FRAME JOINT ANGLES 
HEIGHT* FRONT REAR 
119mm 1.1° 1.5° 

0 PROPELLER SHAFT 

[!] REAR UNIVERSAL 
JOINT BEARING CAP p 

Figure 6 • Measuring Angle at Rear of Propeller Shaft 

• Subtract the smaller figure from the larger 
figure for the existing rear universal joint 
angle. 

Angle at Front Universal Joint 

(!I) Meuu!'I 

1. Front propeller shaft universal joint bearing cap 
(7), using J 23498-A. Record (Figure 8). 

• Rotate the propeller shaft 90 degrees. 
2. Slip yoke bearing cap (8), using J 23498-A. · 

Record (Figure 9). 

• Subtract the smaller figure from the larger 
figure for the existing front universal joint 
angle. 

PROPELLER SHAFT BALANCE CHECK 

• Raise the vehicle on a twin post hoist so the 
wheels can spin. Refer to GENERAL 
INFORMATION (SEC; OA). 

• WEIGHT MAY HAVE TO BE ADDED TO VEHICLE TO REACH THIS 
DIMENSION. 

0 AXLETUBETOFRAME ijEIGHT 

Figure 6 - Axle Tube to Frame Height 
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[!] PINION YOKE 
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Figure 7 - Measuring Angle at Pinion Yoke 

[!] PROPELLER SHAFT 

[?] FRONT UNIVEftSAL 
JOINT BEARING CAP 

Figure 8 - Measuring Angle at Front of Propeller Shaft 

II] PROPELLER SHAFT 

[!] SUPYOKE 
BEARING CAP K 

Figure 9 - Measuring Angle at Slip Yoke 

E3 Remove or Disconnect 
1. Rear tire and wheel assemblies. 

p 
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IL!)tn,pact 
• Propeller shaft, universal joint, and 

PUachments for mud, undercoating or loose 
fasteners. 

~ Clean 

• Propeller shaft, universal joint, and 
attachmf'Gts. 

1%1 Tighten 

• Any loose attachments or fasteners to 
specifications. rn Important 

• Run the vehicle in gear at the speed where 
the disturbance peaks; observe the intensity 
of the disturbance. 

NOTICE: On vehicles equipped with automatic 
transmismons, allow the driveline components to 
stop rotating with the transmission in 
"NEUTRAL• before placing the transmission in 
"PARK• or parts may be damaged. 

• Stop the engine. 
2. Propeller shaft. 

• Rotate the propeller shaft 180 degrees from 
the original position, at the pinion yoke. 

E3 Install or Connect 
1. Propeller shaft. 
2. Wheel and tire assemblies. 
• Determine the position which gives the best 

driveline response by road testing the vehicle for 
a final check of the propeller shaft balance. 

• If unacceptable balance, replace the propeller 
shaft. 

PROPELLER SHA" BALANCING 

Hose Clamp Method 
Figure, 1 O through 12 

1. Place the vehicle on a twin post hoist so that the 
rear of the vehicle is supported on the rear axle 
housing and the rear wheels are free to rotate. 
Refer to GENERAL INFORMATION (SEC. 
OA). 

2. Remove both rear whccl assemblies. install and 
tighten the wheel lug nuts. 

3. Mark and number the propeller shaft at four 
points 90 degrees apart at the rear of the propeller· 
shaft just forward of the balance weight. 

4. Install two hose clamps (9) on the rear of the· 
propeller shaft (2) and slide them rearward until 
the clamps stop at the nearest balance weight 
welded to the tube. Align both clamps at any one 
of the four marks made on the shaft in step 3 and 
tighten. 
• Be sure sufficient clearance is maintained so 

clamp heads do not contact the floor pan of 
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Figure 10 - Propeller Shaft Reference Marki 

the vehicle when the axle is in contact with 
the frame rebound bumpers. In case of 
insufficient clearance, position the clamps 
over the balance weights. 

CAUTION: Do not run the vehicle faster 
than 89 km/h (55 mph). Stay clear of the 
unlversal joint and balance weight areas 
to avoid posslble personal injury. Do not 
run the vehicle on the hoist for extended 
periods due to the danger of overheating 
the transmission or engine. 

5. Run the vehicle through the speed range to 
81-89 km/h (50-55 mph). Note amount of 
imbalance. 

0 REFERENCE MARK - 180° FROM HOSE CLAMP HEADS 

0 PROPEUER SHAFT 

[!] HOSECLAMP 

KCOf 

Figure 11 - Balance Hose Clamps 
p 

6. Loosen clamps and rotate the clamp heads 90 
degrees to the next mark on the propeller shaft. 
Tighten clamps and repeat step S. 

7. Repeat step 6 until the vehicle has been run with 
the clamp heads located at all four marks on the 
propeller shaft. 

8. Position the clamps at the point of least 
imbalance. Rotate the clamp beads away from 

each other 4S degrees, one on each side of the 
position (Figure 12). Run the vehicle and note if 
imbalance has improved. 

0 
0 PROPELLER SHAFT 

0 UNIVERSALJOINT 

0 HOSECLAMP 

Figure 12 - Rotating Balance Hose Clamps " 

• In some cases it may be necessary to use one 
clamp or poss1oly three clamps in order to 
obtain a good balance. Replace propeller 
shaft (2) if three hose clamps (9) do not 
improve the imbalance. . 

9. Continue to rotate the clamps apart in smaller 
angular increments until the imbalance is at its 
minimum. 

1 O. Install wheel assemblies. 
11. Lower the vehicle. 
12. Road test the vehicle to check the final balance. 

• A small vibration felt while the vehicle is on 
the hoist may not be noticed on a road test 

Strobe Light Method 
Figures 10 through 14 

If a strobe light type wheel balancer is used, it will 
help in the balancing of the propeller shaft. The balance 
pick-up unit should be placed directly under the nose 
of the rear axle carrier and as far forward as p0881°blc. 
Make up an extension for the balance pick-up unit by 
using 3/8-inch tube and compression fittings (Figure 
13). 

1. Place the vehicle on a twin post hoist so the rear 
of the vehicle is supported on the rear axle 
housing and the rear wheels arc free to rotate. 
Lower the rear hoist and allow the axle to rest on 
jackstands. 

2. Remove both rear wheel BS.1Cmblies, install and 
tighten wheel lug nuts. The system is now 
released and free to respond to the propeller. 

3. Mark and number the propeller shaft at four 
points 90 degrees apart at the rear of the propeller 
shaft just forward of the balance weights. 

4. Place the strobe light wheel balancer pick-up 
under the nose of the carrier (Figure 6). 

CAUTION: Stay clear of the universal 
joint· and balance weight areas to 
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Agure 13- Pick-Up Unit at Differential Pinion Yoke 

avoid poaible personal Injury. Do not 
run the vehicle on the hoist for 
extended periods due to the danger of 
overheating the transmission or the. 
engine. 

5. Run the vehicle in gear at the speed where the 
disturbance is at its peak. 

6. Allow the driveline to stabilize by holding at a 
steady speed. 

7. Point strobe light up at the spinning propeller 
shaft and note the position of one of the reference 
numbers. 

NOTICE: On vehicles equipped with automatic 
mnsmiuions, allow the driveline components to 
stop rotating with the transmission in "Neutral" 
before placing the transmission in "PARK" or 
parts may be damaged. 

8. Shut off the engine. 
9. Position the propeller shaft so the reference 

numbers will be in the same position as was noted 
while the shaft was rotating. 

PROPELLER SHAFT 4A-9 

• When the strobe light flashed, the heaviest 
point of the propeller shaft was at the 
bottom (6 o'clock). To balance the propeller 
shaft, it is necessary to apply the balancing 
weights (hose clamps) 180 degrees away 
from the heaviest point or at the top of the 
propeller shaft (2) (12 o'clock). 

10. Install two screw-type hose clamps (9) on the 
p~er shaft (2)-as close to the rear as posst'ble. 
POSttion both clamp heads 180 degrees from the 
heaviest point of the propeller shaft as indicated 
by the strobe light. Tighten the clamps. 
• Be sure sufficient clearance is maintained so 

the clamp heads do not contact the floor 
pan of the vehicle when the axle is in contact 
with the rebound bumper on the frame. In 
order to gain sufficient clearance, it may be 
necessary to position the clamps over the 
balance weights. 

11. Run the vehicle through the speed range 81-89 
km/h (S0-SS mph). 
- If the disturbance is not gone and the strobe 

light shows the clam.p heads at the bottom 
(6 o'clock) of the propeller shaft (2), go to 
step 12. 

- If the strobe light shows the two clamp 
heads at the top of the propeller shaft, add 
one more hose clamp and check. 

- If the strobe light shows the three clamp 
heads at the top of the propeller shaft. 
remove the propeller shaft and rotate 180 
degrees on the pinion yoke. Check again, 
without the clamps. 

- Repea1: balancing, starting with step 10. 
- If the propeller shaft still needs more than 

three hose clamps (9) at the same clock 
position, replace the propeller shaft (2). 

- If the clamps are also 180 degrees from their 
original position after rotating the propeller 
shaft 180 degrees, the rear ule pinion yoke 
is out of balance and must be replaced. 

[I] Important 
• Do not use more than three hose clamps (9) 

to balance the propeller shaft. 
- If the strobe light shows the hose clamps (9) 

at the bottom of the propeller shaft, but the 
disturbance still exists, go to step 12. 

12. Rotate two of the hose clamps (9) equally away 
from each other toward the top (one on each side 
of the position) in small increments until the best 
balance is achieved. In some cases it may be 
necessary to use one clamp or possibly three 
clamps in order to obtain a good balance. Replace 
the propeller shaft (2) if three hose clamps (9) do 
not correct the problem. 

13. Install wheel and tire assemblies. 
14. Remove the support and lower the vehicle. 
15. Road test the vehicle to check the final balance. 
16. A small vibration felt while the vehicle is on the 

hoist may not be noticed on a road test. 
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Figure 14 - Positioning Hose Clamp• to Achieve Best Balance 

UNIT REPAIR 
PROPELLER SHAFT REPLACEMENT 

E3 Remove or Disconnect 

NOTICE: Do not strike or drop the propeller 
shaft or allow the universal joints to bend to 
extreme angles, as this might fracture a joint 
internally. 

• Raise and suitably support the vehicle. Refer ·to 
GENERAL INFORMATION (SEC. OA). 

• Mark relationabip of the propeller .shaft (2) to the 
rear ule pinion yoke with a centQ' punch or cold 
chisel 

1. Propeller shaft strap bolts. 
2. Retaining straps. 

3. Propeller shaft (2) by withdrawing the slip yoke 
from the transmission, moving the shaft rearward 
and passing it under the rear .we housing. 
• Support the propeller shaft (2) during 

removal. · 
• If the bearing caps are loose, tape them 

together to prevent dropping and losing the 
bearing rollers. 

[L!l1napect 
• Traosmissinn output shaft splines for burrs. 
• Outer diameter of the slip yoke for burrs. 
• Splines of the yoke for damage, twisting or 

wear. They should agree in number and fit. 
• Pinion yoke at the uuiversal join,t cap 

connecting surface for burrs or foreign 
material. 

E3 lnltlD or Conntct 
NOTICE: The propeller shaft must be supported 
carefully during handling to avoid jamming or 
bending any of the partS. · 

1. Slip yoke onto the transmission output shaft after 
lubricating the spline with engine oil. · 

2. Rear of propeller shaft (2) to the pinion yoke. 

[[] Important 

• To prevent trunnion seal damage, do not 
place any tool between · the slip yoke and 
llJ)linCS, 

• Whe,, making the rear shaft connection, be 
sure to align the mark on the pinion yoke 
with the mark on the propeller shaft. 

3. Rear universal joint to the pinion yoke, making 
sore the bearing caps are properly seated. 

4. Retaming straps. 

NOTICE: See "Notice" on page 4A•l of this 
section. 

S. Strap bolts. 

~ Tighten 
• Propeller shaft strap bolts,evenly to 22 N ·m 

(16 lb. ft.). 
• Lower the vehicle. 

UNIVERSAL JOINTS 
FlgUtN 16 through 21 

When taking apart a propeller shaft, (2) two~ 
of universal joints may be found: nylon injected nng 
type and snap ring type. 

'NOTICE: Never clamp ,propcJler shaft tubing in 
a vise. as the tube may be dented. Always cl

9
a;:& 

on one of the yokes and support the · 
horizontally. Avoid damaamg the slip yoke sealing 
surface. Nicks may damage the bushing or cut the 



transmission extension housing seal. Mark the slip 
joint and propeller shaft to ensure correct 
reassembly. 

Tools Required: 
J 9522-3 U-Joint Bearing Separator 
J 9522-5 U-Joint Bearing Spacer Remover 

Nylon Injected Ring Type 

E3 Remove or Disconnect 

• Support the propeller shaft in a horizontal 
position in line with the base plate of a press. 

• Place the universal joint so that the lower ear of 
the shaft yoke is supported on a 1 1/8-inch 
socket. 

1. Lower bearing cap (12) out of the yoke ear by 
placing J 9522-3 on the open horizontal bearing 
caps (12) and pressing the lower bearing cap (12) 
out of the yoke ear. · 
• This shears the nylon injected ring (4) on the 

lower bearing cap (12). If the bearing cap 
(12) is not completely removed, lift J 9522-3 
and insert J 9522-.S between the seal and the 
bearing cap (12). Complete the removal of 
the bearing cap (12) by pressing it out of the 
yoke. .. 

• Rotate the propeller shaft. Shear the 
opposite nylon injected ring (4). 

2. Opposite bearing cap (12) out of the yoke. 
3. Spider (10) from yoke. 

• There are no bearing retainer grooves in 
production bearing caps. They cannot be 
reused. 

• If the front universaljoint is being replaced, 
remove the pair of bearing caps (12) from 
the slip yoke in the same manner. 

0 SHEARED NYLON 
· INJECTION RINGS 

[!] INJECTION RING REMOVED 

~ SPIDER 
KC011MA-8-RP 

Figure 16 • Production Universal Joints 

~ Clean 

• Yoke in area where locating the snap ring 
to ensure proper assembly. 

J9522-3 

A 1 11a• 130mml SOCKET 
TO SUPPORT YOKE 
EAR !MUST CLEAR 
BEARING CAP) 

10 SPIDER 

PROPELLER SHAFT 4A-11 

Rgure 16 - Pressing Out Universal Joint Bearing Cap 

~ SPIDER 

IT!] TRUNNION 

~ BEARING CAP 
IC 1 0-4A-IS-RP 

Figure 17 - Installing Universal Joint Bearing Spacer 
Remover 

• All sheared nylon from the univenal joint 
cup bore. 

NOTICE: Production univenal joints of this type 
cannot be reassembled. Nylon injected ring types 
are replaced by external snap ring types. 

When reassembling a propeller shaft, always 
install a complete universal joint service kit. This kit 
includes one pregreased. cross assembly, four service 
bearing cap assemblies with seals (17), needle roller 
bearings (15), round delrin washer (14) and flat delriil 
washers (16), grease and four snap rings (13). Make 
sure the seals (17) are in place on the service bearing 
caps (12) to hold the needle roller bearings (15) in place 
during bandHng. 

E3 ln11BII or Connect 

1. One bearing cap (12) part way into one side of 
yoke. Turn this yoke ear to the bottom. 
• Insert J 9522-3, seating the trunnion (11) in 

the bearing cap (12). 
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~ SPIDER 

l!:!] TRUNNION 

[!!] BEARING CAP 

~ SNAPRING 

~ ROUND DElRIN WASHER 

~ NEEDLE ROLLER BEARIIIG 

[!!] FLATDELRINWASHER 
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ICCG 

Figure 18 - Service Universal Joint 

2. Opposite bearing cap (12) part way. 

IL!J 1napect 

p 

• Both trunnions (11) to ensure pasitioning is 
straight and true into the bearing caps (12). 

• Press against the opposite bearing caps (12), 
working the spider (10) all of the time to ensure 
~:;~ement of the trunnions (11) in the 

IL!J 1nspect 
• Needle roller bearings (lS) for binding. If 

binding, one or more needle roller bearings 
( 15) bas probably tipped under the end of 
the trunnion (11). 

• Stop preaing when one bearing retainer groove 
clears the inside of the yoke. 

3. Snap ring (13) by pressing into place. 
• Continue pressing until opposite snap ring 

(13) can be snapped into place. If needed, 
strike the yoke tiimly with a hammer to aid 
in seating the snap rings (Figure 21 ). This 
springs the yoke ears slightly. 

• Repeat steps· 1 through 3 for the other half 
of the universal joint. 

~ SPIDER 

E!] TRUNNION 

~ BEARINGCAP ____ ...._ 

Figure 19 - Partially Inserted Bearing Cap 

@] SNAPRJNG 

Figure "20 - Installing Snap Ring 

·. ,· 
0 STRIKE TUBE YOKE 

EAR IN THIS AREA It 

Figure 21 - Seating Universal Joint Snap Ring 

Snap Ring Type 
F",guru f8 through 21 

p 

These universal joints are designed for extended 
life and do not require periodic inspections or 
lubrication. When these joints are taken apart, repack 
bearings and lubricate reservoir at the end of trunnions 
with chassis lubricant. Use care not to loosen or 
damage dust seals. H dust seals are loose or damaged, 
replace the entire universal joint. 

E3 Remove or Dieconnect 
1. Snap rinp (13). If snap ring (13) does not n:adily 

snap out of the grooves, tap the end of the bearing 
~ (12) lightly to relieve the peume against the 
snap ring (13). · 

• Support the propeller shaft (2) in a horizontal 
position in line with the base plate of a pn:ss. 

• Place the universal joint so the lower ear of the 
propeller shaft yoke is supported on a 1 1/8-inch 
socket. · · 

2. Lower bearing cap (12) out of the yoke car by 
placing J 9522-3 on the open horizontal bearing 
cap (12) and pressing the lower bearing cap (12) 
out of the yoke (Figure 19). 

• If the bearing cap (12)is not completely removed, 
lift J 9522-3 and insert J 9522-5 between the seal 
and bearing cap (12) being removed. Com~ 
the removal of the bearing cap (12) by pressmg it 
out of the yoke. 

• Rotate the propeller shaft. 
3. Opposite bearing cap (12) from yoke by pressing. 



4. Spider (10) from yoke. 

E3 Install or Connect 

1. One bearing cap ( 12) part way into one side of 
yoke. Turn this yoke ear to the bottom. 

• Insert J 9522-3, seating the trunnion (11) in 
the bearing cap (12). 

2. Opposite bearing cap (12) part way. 

IL•l lnspect 
• Both trunnions (11) to insure positioning is 

straight and true into the bearing caps. 

PROPELLER SHAFT 4A-13 

• Press against the opposite bearing caps (12). 
working the spider (10) all of the time to insure 
free movement of the trunnions (11) in the 
bearings. 

IL•l tnspect 

• Needle roller bearings (15) for binding. If 
binding, one or more needle roller bearings 
(15) has probably tipped under the end of 
the trunnion (11). 

• Stop pressing when one bearing retainer groove 
clears the inside of the yoke. 

3. Snap ring (13) by pressing into place. 
• Continue pressing until opposite snap ring (13) 

can be snapped into place. If needed, strike the 
yoke firmly with a hammer to aid in seating the 
snap rings (Figure 21). This springs the yoke ears 
slightly. 

• Repeat steps 1 through 3 the other half of the 
universal joint. 

TORQUE SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

Rear Universal Joint-to-Pinion Yoke Bolt (5/16-24) ...................................... 22 N·m (16 lb. ft.) 

CD 

[2J U-JOINT BEARING SEP ARA TOR 

0 ORIVESHAFT INCLINOMETER 

J9522-3 

0 U-JOINT BEARING SPACER REMOVER 

0 COMPANION FLANGE RUNOUT GAGE 

0 DIAL INDICATOR SET 

SPECIAL TOOLS 

J 9522-5 

J 35819 

KC0085-4A-F-RP' 
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SECTION 4B 

REAR AXLE 
The following •Notice• applies to one or more steps in the as.1C1D.bly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: •NOTICE: Sec •Notice• on page 4B-1 
of this section.• 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size or strength (or stronger) may be used. Fasteners that 
are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. · 
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GENERAL INFORMATION 
STANDARD REAR AXLE 
Rgure f 

The rear axle assembly is the semifloating type in 
which the vehicle weight is carried on the axle housing. 
The rear axle assembly is designed for use with an open 
driveline and coil springs. The rear axle has a hypoid 
type ring gear and pinion with the centerline of the 
pinion gear below the centerline of the ring gear. 

All parts necessary to transmit power from the 
propeller shaft to the rear wheels are enclosed in an 
axle housin,. A removable steel cover bolted to the rear 
of the housmg permits service of the rear axle without 
removing the entire assembly from the vehicle. 

On-Vehicle Service ......... ......... ....... ......... ....... .. 48-11 
Carrier Cover and Gasket ............................ 48-11 
Axle Shaft. . . •. •• . . .• • .••••• .• ..• •••• .•••• .. .• . .. . .. . . .. •• . . . . . • 4 B-11 
Axle Oil Seal ancVor Bearing 

Replacement with Axle Shaft 
Removed .. ................................................. 48-13 

Pinion Yoke Oil Seal .................................... 48-13 
Pinion Yoke .................................................. 48-14 
Rear Axle Assembly ..................................... 48-15 
Rear Wheel Bolt ........................................... 48-16 

Unit Repair ....................................................... 4B-16 
Differential Case Removal with Axle 

Shaft Removed .......................................... 48-16 
Side Bearing Shim Selection ..................... 48-18 
Rear Axle Backlash .................................. 48-19 
Side Bearing Preload and Case 

Installation ............................................. 4B-19 
Drive Pinion, Bearings and Races 

with Case Removed ................................... 4B-20 
Drive Pinion .............................................. 48-20 
Rear Pinion Bearing ................................. 48-21 
Front Pinion Bearing ................................ 4B-21 

Pini.on Depth .................................................. 4B-22 
Limited Sli~ Rear Axle ................................ 4B-22 

Diff~ Case . •••·•••·••··••·••·····•····••··•·•···• 4B-22 Specifications ......................... ........... ....... ......... 48-24 
Special Tools ..................................................... 4B-25 

Most" rear axle service repairs can be made with 
the rear axle as.1C1D.bly in the vehicle, by nuaing the rear 
end of the vehicle with the rear axle hanging on the 
shock absorbers. 

A universal joint connects the rear end of the 
propeller shaft to a pinion yoke, having a splined end 
which fits over and drives the hypoid pinion gear. Two 
preloaded tapered roller bearings support the hypoid 
pinion gear in the housing. The inner race (8) of the 
rear pinion bearing (7) is a tight press fit on the pinion 
stem. The outer race (11) of the front pinion bearing 
(12) combines a light press fit to a close sliding fit on 
the pinion yoke c::nd of the pinion stem. The outer race 
of each bearing is pressed against a shoulder reces,1ed 
in the housing. Tightening the pinion nut (16} 
compresses a collapsible spacer_ (9) ~t bears against 
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the outer race (11) of the front bearing (12) and a 
shoulder on the pinion stem. This spacer (9) is used to 
enable accurate bearing preload adjustment. and 
rnaint;ain a preload on both front and rear pinion 
bearings. Adjustment ofthefOl'C-and-aft position of the 
pinion is obtained by placing shims between .the head 
of the drive pinion and the rear pin.ion bearing. The 
differential case (25) is one piece and is supported in the 
housing by two tapered roller side bearings. These are 
preloaded by inserting shims (21) between the side (25) 
&earing assemblies (22) and the housing. The 
differential case (25) assembly ia positioned for proper 
ring gear (27) to pinion bacldasb by varying the shim 
(21) tbickne!IS from side to side. The ring gear (27) is 
bolted to the case. Two side gears (30) have splined 
bores for driving the axle shafts. They arc positioned 
to tum in counterbored cavities in the case. The two 
rear axle piniom have smooth bores and are held in 
position by a solid pinion ems., shaft, mounted and 
locked in the differential case (25). All four gears are 
in mesh with each other. The pinion gears tum freely 
on their shaft, acting as idler gears when the rear 
wheels arc turning at different speeds. The pinions and 
side gears (30) arc backed by steel thrust washers (28). 

Operation 
When the vehicle turns a comer, the differential 

allows the outer rear wheel to~ faster than the inner 
wheel. The inner wheel turning with respect to the 
outer wheel, slows ita differential side gear (as the axle 
shaft is splined to the aide gear) and the differential 
pinion gears (29) mil around the slowed differential 
side gear, drmng the other differential side gear and 
wheel faster. 

LIMITED SUP REAR AXLE 
Limited slip rear uies have several definite 

operating characteristics. An understanding of these 
characteristics is necessary to aid diagnosis. 

The energizing force comes from the thrust side 
of the gears. Comequently, a &ee spinning wheel may 
not have enough n:sist•oce to driving torque to apply 
the cones. If this occurs, apPlY the parking brake a few 
notches which will prOV1de enough resistance to 
energize the cones. 

Energizing the cones is independent of 
acceleration; therefore, a very slow application of the 
throttle on starting is recommended to provide 
maximum traction by preventing "break away'' of 
either rear wheel. 

All rear we· parts of vehicles equipped with the 
limited. slip rear ule arc interchangeable with those 
equipped with the standard rear we,· except for the 
case usembly. It is similar in. all respects to the 
standard case assembly, with the addition of cone 
clutches splined to each aide gear. Auburn limited slip 
dift'erential case is non-serviceable and must be 
replaced. 

REAR AXLE IDENTIFICATION 
The rear axle identification code and 

manufacturers code must be known before attempting 
to adjust or repair ule shafts or the diff'erential case 

99,ernhly. ~ ule ratio, dift'erential type, 
manufacturer, and build date information is stamped 
on the right ule tube on the forward side and a metal 
tag by the carrier cover. The Senice Parts 
Identification label also has RPO codes for the rear· 
u1e printed on it. .Refer to "Specifications" in this 
section. 

MAINTENANCE AND LUBRICATIO~ 
For information on rear ule rnaintcoance and 

lubrication, refer to MAINTENANCE AND 
LUBRICATION (SEC. OB). 

LIMITED SLIP CONVERSION INFORMATION 
The case assembly (less ring gear and side 

bearing.,) is available for converting a standard rear 
ule to limited slip. The ring gear and side bearinp of 
the standard rear u1e, if in good condition, can be used 
with the limited slip case assembly. 

DIAGNOSIS 
Many noises reported as coming from the rear 

ule actually originate from other sources such as tires, 
road surfaces, wheel bearings, engine, transmission, 
muffler or body cl1'1Jrnrniog. A thorough and care:ful 
check should be made to determine the source of the 
noise before taking apart the rear axle. Noise which 
originates in other places cannot be corrected by 
adjustment or ~lacement of parts in the rear axle. 
Rear axle gears, like any other mechanical device, arc 
not absolutely quiet and should be accepted as being 
commercially quiet unless IIOlllC abnormal noise is 
present. 

To make a systematic check for axle noise under 
standard conditions, observe the following: 

1. Select a level asphalt road to n:duce tire noise and 
body dmrnrning. 

2. Check rear axle lubricant to assure correct level, 
then drive vehicle far enough to thoroughly warm 
up rear axle lubricant. 

3. Note speed at which noise occun. Then stop 
vehicle and with automatic tnms,niwrinu in 
"NEUTRAL", nm engine slowly up and down 
through · e speeds, corresponding to vehicle 
speed at ':~~h noise was most pronounced, to 
determine if it is caused by exhaust, muffler mar 
or other engine conditions. · · · · 

4. Tire noise changes with different road surfaces, 
but rear axle noise does not. Temporarily 
inflating all tires to appro:moately 345 kPa (50 
p51.) for test purposes only, will alter noise caused 
by the tires, but will oot affect noise caused by the 
rear axle. Rear axle noise usuall7- stops when 
coasting at speeds under 48 lcm/h (30 mph). Tm: 
noise continues, but with a lower tone as vehicle 
speed is reduced. Rear axle noise usually changes 
when comparing drive and coast, but tire noise 
moains about the same. 
Distinguish between tire noiae and rear ule noise 
by noting if noise varies with various speeds or 
sudden acceleration and deceleration; exhaust 
and axle noise show variations under these 
conditions while tire noise remains constant and 
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is more noticeable at speeds of 32 to 48 km/h (20 
to 30 mph). Check for tire noise by driving 
vehicle over smooth pavement or dirt roads (not 
grayel) with tires at nonnal pressure. If noise is 
caused by tires, it will noticeably change or 
disappear and appear again with changes in the 
road surface. . 

S. Loose or rough front wheel bearinp' will cause a 
noise which may be confused with rear axle 
noises. Front wheel bearing noise does not chanse 
when comparing drive and coast Light 
application of the brake while holding the vehicle 
speed steady .will often cause wheel bearing noise 

. to djmmish, as this takes some weight oft' the
bearing. Front wheel bearings may be easily _ 
checked for noise by jacking up the wheels and 
spinning them or by shaking the wheels to 
4etermine if the bearinp are loose. 

6. Rear suspension rubber bushings and spring 
insulaton dampen out rear we noise when 
correctly installed. Check that no metallic 
contact exists between the spring and spring 
opening in the frame or between lower control 
ami bushings and frame or we housing brackets. 
Metal-to-metal contact at those points may result 
in telegraphing road noise and normal axle noise 
which would not be objectionable if dampened by 
bushings. 

7. Make sure that th~ floor Gf the body is not in 
metallic contact with the Mme. 

REAR AXLE NOISES 

Gear Noise 
After the noise has been determined as being in 

the axle by following the above procedure, the type of 
axle noise should be established to help in making 
repairs if necessary. 

Gear noise (whine) is audible from 32 to 89 km/h 
(20 to SS mph) under four driving conditions: 

1. Drive - acceleration or heavy pull. 
2. Road load - vehicle driving load or constant 

speed. 
3. Float - using enoqh throttle to keep the vehicle 

from driving the engine, the vehicle slows down 
gradually but the engine still pulls slightly. 

4. Coast - throttle closed and vehicle in gear. Gear 
noise most frequently has periods where noise is 
more noticeable, usually 48 to 64 km/h (30 to 40 
mph) and 80 to 89 km/h (SO to SS mph). 

Bearing Noise 
_,Bad bearings generally produce more of a rough 

growl or grating sound. rather than the whine typical 
of gear noise. Bearing noise frequently "wow-wows" at 
constant bearing rpm, indicating a faulty pinion or rear 
axle case side bearing. This noise could easily be 
confused with rear wheel bearing noise. Inspect and 
replace as required. 

Rear Wheel Bearing Noise 
A rough rear wheel bearing produces a noise that 

continues with the vehicle coasting at low speed and 

·---: .... · . ·NEUTRAL' . N. . . .. h .... ....,uw,otOn m . OISC may a,m,ms; 
some by gentle braking. ~ith rear wheels jacked up; 
spin r~ wheels by hand while listening at hubs for 
evidence of rough (noisy) wheel bearing. 

Knock at Low Speeds 
Low speed knock can be caused by a wom 

universal joint or a side gear hub counterbore in the 
differential case worn overme. Inspect and replace 
universal joint or the differential case and side gear 

Backlash Clunk 
Excessive clunk with acceleration and 

deceleration is caused by worn differential pinion gear 
shaft, wom differential case, excessive clearance 
between the.axle shaft and side gear splines, excessive 
clearance between side _gear hub and counterbore in 
case, worn pinion and ·side gear teeth, worn thrust 
washers and excessive drive pinion and ring gear 
backluh. Remove worn parts and replace as required, 
selecting close fitting parts when p0SS1"ble. Adjust drive 
pinion and ring gear backlash. · 

LIMITED SLIP REAR AXLE 
Improper operation is generally indicated by 

clutch slippage or grabbing. Sometimes this produces 
a chatter or whirring sound. These sounds are not 
always indicative of failure as they could be produced 
from a lack of proper lubrication. For example, under 
certain conditions wh~ one wheel is on a very slippery 
surface and the other on dry pavement, wheel spin can 
occur if hard acceleration ts attempted. Continued 
spinning may cause audt"ble noise, such as a whirring 
sound, due to the cones lacking sufficient lubricant. 
This does not necessarily indicate a failure of the unit 

During regular operation (straight ahead driving 
when both wheels rotate at equal speeds), there is an 
equal driving force delivered to each wheel. \When 
cornering, the inside wheel requires extra driving.force 
causinJ slippage in the clutch cone. Consequently, the 
operational life of the limited slip unit is dependent 
upon equal rotation of both wheels during straight 
ahead operation. If wheel rotation for both rear wheels 
is not equal during straight ahead operation, the 
limited slip unit will constantly be functioning aa if the 
vehicle were cornering. This will impose constant 
slippage on the clutch and will eventually lead to 
abnormal wear on the clutch cone. It is important that 
there arc no exces.vve differences in the rear wheel tire 
si7.es, air pressures, or tire wear patterns. One 
indication of this condition is • swerving upon 
acceleration•. If swerving upon acceleration is 
encountered, check the above items before proceeding 
with an overhaul operation. 

Checking Limited Slip Operation 
Flgur,2 

Tools Required: 
J 2619-01 Adapter 
1 21519 Axle Shaft Puller 

1. Place transmission in •Park• position, or in gear 
if a manual transmission, parking brake released. 
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2. Raise" n:u of vduclc 1111.tit wheels are off the 
pound. remove one wheel and tire asaernbly. 

3. Attach 12619-01 and J 21579 to ule shaft flange 
and~ a 1/2-13 bolt into adapter. · 

The dift'ermtial, cue must be replaced as an 
U1Cmbly if aay of the above checks do not fall within 
the specificatiolll. 

4. The Auburn rear axle check with both tires 
elevated and traaanrission in •p ARK.. 
(diffcrmtial case not allowed to rotate). 

• The torque RqUired to rotate one wheel 
should ,be 169 to 30S N •m (125 to 225 lb. 
ft.}. 

5. The Auburn rear uJe check with only one rear 
wheel raised and trar,s,rrissi()ll in •NEUTRAL• 
(differential case free to rotate). 

• The torque required to rotate one wheel is 
59 to 90 N·m (44 to 66 lb. fl). 

J2819-01 

0 TORQUEWRENCH 

6. Install wheel and tire UIClilbly. Figure 2 - Measuring Umltad Slip Rotating Torque 

REAR AXLE STANDARD AND LIMITED SLIP DIAGNOSIS 
Condition C.1111 
1. Noise is the same in drive or coast. L Road noile. 

b. TU"e noise. 
c. Front wheel bearing noise. 
d. Incorrect drivcline angles. 

2. Noise changes on a diftcrent type of road. L Road noise. 
b. T"U"e noise. 

3. Noise tone lower u vehicle speed is lowered. L Tue noise. 

4. Noise is produced with vehicle standing and L Engine noise. 
driving. b. Tm,smis.cion noise. 

S. Vibration. L Rough rear wheel bearing. 
b. UnhtJ•need or damaged propeller shaft. 
c. Tire unbalance 
cl Worn univenal joint in propeller shaft. 
e. Incortect driveline ang1ea. 
f. Mia-indeed propeller shaft at pinion yoke. 
g. Pinion yoke nmout too great. 

6. A knock or click approximatdy every two L Rear wheel bearing noise. 
J.WOlutiona of the l'ell' wheel. 

7. Noise most pronoWM:ed OD turns. L Rear axle side gear and pinion noise. 

8. A continuous low piteh whining or a. Pi:nkm bearing noise. 
scraping noise starting at relatively ,Jo,v speed. 

9. Drive noise, coast noise or float noise. . a. Ring and pinion gear noise. 

10. Clunk on acceleration or deceleration. L Worn rear ulc: pinion shaft in case or 
side gear hub counterbore in cue worn overme. 

b. Worn universal joint OD prOpe11er shaft. 
c. Slip yoke lubrication insufticient. 
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11. Grom in forward or revene. 

12. -Chatter OD turns. 

13. Clunk or knock OD rough road operation. 

PRE-REPAIR INVESTIGATION AND TROUBLE 
DIAGNOSIS 
Rr,rn,3thtvufhl 

A close exBJDination of the ditfen:ntial prior to 
taking it apart will often reveal valuable information u 
to the extent and · type ~ repairs or adjustments 
"°"""1· This information and the IepOrt of the 
malfunction provide a basis for determining the degree 
of tearing down required. Frequent causes of u1e noise 
are improper bacldub, pinion bearing prebd, side· 
bearing preload, or a combination of .. items. A few 
simple adjustmc::nts may be all that are necesury to 
com,ct the problem. 

Before removing the case from the homing, the 
following checks shoulcl be made with the n:sults 
recorded and analyzed: 1) backJash; 2) total anemb!f 
preload; 3) tooth con• pattcra;_ 4) fluid level; and ~ 
fluid contamination. 

Use care at all times to keep dirt and other foreign 
matter, such u grinder dust, soot, or sand. away from 
the rear ule to prevent the possibility of subaequmt 
failure. 

Gear Tooth Nomenclature 
,,,,.. I Ind 1 

The side of the ring gear tooth which curves 
outward, or ia convex, is referred to u the "drive" side. 
The concave side is the "coat"' me. The end of the 
tooth neareat center of the ring gear is refc:md to u the 
"toe" end. The end of the tooth farthest away from the 
center is the "heel" end. The toe end of the tooth is 
m,aUer than the heel end. It is very important that 
tooth contact be tested be(ore the rear ule housing (10) 
UIIClllbly is 18km apart. Variations in the housing or 
pinion rear bearing (7) may cause ~e pinion to be too 
far away .frmn, or cloae to, the ring gear (27). Thus. the 
tooth contact must be tested and corrected, if 
neceauy, or the gears may be noisy. 

Tooth Contact Pattern Teat 
Rgu,- 7 Ind B 

1. W-ipe oil out of the carrier and carefuly clean each 
tooth of the ring gear (27). 

NOTICE: See •Notice• on page 4B-1 of this 
section. 

2. Use gear marking compouad 1052351 or 
equivalent and apply 1hia mixture soarin&ly to all 
ring gear teeth, using a medium stiff bruih. When 
properly used, the area of pinion tooth contact will 
be vill"ble when band load is applied. 

·a. Wrona lubricant in rear we. 
b. Worn botbinp, 

a. Wrong lubricant in rear uJe. 
b. Clutch cone worn and/or spring worn. 

a. Excessive md play of u:Ie shafts. 
b. Worn baslrinp, 

~ T19hten 
• Deering~ bola to 75 N·m (55 lb. ft.). 

3. Apply puking brake until. a torque of S4 to 70 N·m 
(40 to 52 lb. ft.) is required to tom the pinion. 

• A test made without loading the gean will not 
give a satisfactory pattcro. Tarn the pinion yoke 
with a wrench so that the ring gear (27) rotates 
one full revolution. Reverse rotation so that the 
ring lmll' (27) rotates one RYolution in the 
opposite direclion. . 

4. Observe the pattern on the ring aear teeth and 
compare with the chart. 

Effectl of Increasing Load on Tooth Contact 
Pattern 

When the .. load" 011 the ring and pinion gear is 
increased, such as when the vehicle ia accelerated 
forward from staDdstill or from normal drive, the tooth 
contact will tend to spread oat and, UDder v«y heavy 
load, will mend from near toe to near hccl OD the drive 
side. The entire contact also t.enda to ihift toward the 
heel Wider increasingly heavier loads and will become 
somewhat broader with n:apect to topl and bottoms of 
teeth. The patta"III obtained by this tooth rnntact 
pattern test mate a light load and, for this 
reason, they !fl'°extend only about halfway. . 

The im~t thing to note is that the contact 
pattern is centrally located up and dawn OD the face of 
the ring gear teeth. 

Adjustments Affecting Tooth Contact 
FigurN1andB 

Two adjustments can be made which will affi:ct 
tooth contact pattern, blckJ11b ud pomion of drive 
pinion (5) in the llouaing. The effects of bearina 
preloada are not read.iJy apparent on band-loaded.tooth 
contact pattern teats. Tbalc ad~ents abould be 
within specificati0111 before pniceedbig with blckluh 
and drive pinion adjustments. . 

Becldesh i1 8'ljuated by means of the side bearini 
adjusting shims (21). The shims move the entire case 
and ring gear wembly clOlc:r to, or farther from, the 
drive pinion (5). The ad.iusdna shims (21) are also med 
to set side bearing prcfoad. The position of the drive 
pinion (S) is adjusted by increasing or decreuing the 
shim thickness between the i,inion liead and inner raoe 
(8) of the rear bearing (7). The shim is med in the rear 
ule to com~te tor manufacturing tolerances. 
Increasing shim thickness moves the ~on cloeer to 
the centerline of the ring gear (27). Decreaaing shim 
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ABRASIVE ROLLER WEAR 

Pattern on races and rollers caused by fine 
abrasives. 
Clean all parts and housings, cneck seals and 
bearings and replace If leaking, rough or 
noisy. 

GALLING 
Metal smears on roller ends due to overheat, 

. lubricant failure or overload. 
Replace bearing, check seals and check for 
proper lubrtcatlon. 

REAR AXLE 48-7 

ABRASIVE STEP WEAR 
Pattern on roller ends caused by fine abra-
sives. · 
Clean all parts and housings, check seals and 
bearings and replace If leaking. rough or 
noisy. 

tlDIHtMI 

ETCHING 
Bearfng surfaces appear gray or grayish black 
in color with related etching away of material 

usually at roller spacing. 
Replace bearings, check seals and check for 
proper lubrfcation. 

Figure 3 - Diagnosis of Tapered Wheel Bearings (1 of 4) 
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BENT CAGE 
cage damaged due to Improper handling or 
tool usage. 
Replace bearing. 

CAGE WEAR 
Wear around outside diameter of cage and 
roller pockets caused by abrasive material 
and Inefficient lubrication. 
Clan ntlated parts and housings. 
Check seals and replace bearings. 

BENT CAGE 
Cage damaged due to improper handling or 
tool usage. 
Replace bearing. 

r l.J II 11 \\ tl 

INDENTATIONS 
Surface depressions on race and rollers 
caused by hard particles of fontlgn material. 
Clean all parts and housings. Check seals and 
raplace bearings If rough or noisy. 

Figure 4 - Diagnosis of Tapered Wheel Bearings (2 of 4) 



FRETTAGE 
Corrosion sel up by small relative movement 
of parts with no lubrication. 
Replace bearing. Clean related parts. Check 
seals and check for proper lubrication. 

STAIN DISCOLORATION 
Discoloration can range from light brown to 
black caused by incorrect lubricant or mois• 
ture. 
Re-use bearings if stains can be removed by 
light polishing or if no evidence of overheat• 
Ing Is obsen,ed. 
Check seals and related parts for damage. 

REAR AXLE 41-9· 

SMEARS 
Smearing of metal due to slippage. Slippage 
can be caused by poor fits. lubrication, 
overheating, overloads or handling damage. 
Replace bearings. clean related parts and 
check for proper fit and lubricatlon. 

HEAT DISCOLORATION 
Heat discoloration can range from faint yel• 
low to dark blue resulting from overload or in• 
correct lubricant. 
Excessive heat can cause softening of races 
or rollers. To check for loss of temper on 
races or rollers a simple file test may be 
made. A file drawn over a tempered part will 
grab and cut metal, whereas; a file drawn over 
a hard part will glide readlly with no metal 
cutting. 
Replace bearings if over heating damage is 
indicated. Check seals and other parts. 

p 

Agura 6 - Diagnosis of Tapered Wheel Bearings (3 of 4) 
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MISALIGNMENT 
Outer race misalignment due to foreign ob· 
ject. 
Clean related parts and replace bearing. Make 
sure races are properly seated. 

FATIGUE SPALLING 
Flaking of surfac~ metal resulting from fa
tigue. 
Replace bearing. clean all related parts. 

CRACKED INNER RACE 
Race cracked due to Improper flt. cocking. or 
poor bearing seats. 
Replace bearing and correct bearing seats. 

7// 1/ :I Ii 1\\\. 

BRIN ELLING 
Surface · Indentations In raceway caused by 
rollers either under Impact loading or vlbra• 
tlon while the bearing la not rotating. 
Replace bearing If rough or noisy. 

Figura 8 - Diagnosis of Tapered Wheel Bearings (4 of 4) 



0 TOE 

[!] HEEL 

@] CONVEX SIDE !DRIVEi 

~ CONCAVE SIDE (COAST> 

0 CORRECT PATTERN 

e!] AINGGEAR 

Figure 7 - Desired Tooth Contact Under Light Load and 
Gear Tooth Nomenclature 

thickness moves the pinion farther away from the 
centerline of the ring gear. 

Effects of Pinion Position dn Tooth Pattern 
Figures 

When the drive pinion (5) is too far away from the 
centerline of the ring gear (27), the pattern will be a 
high heel contact on the drive side and high toe contact 
on the coast side. Moving the pinion closer to the 
centerline of the ring gear (27) by decreasing backlash 
will cause the high heel contact on the drive side to 
lower and move toward the toe; the high toe contact 
on the coast side will lower and move toward the heel. 

When the drive pinion (5) is too close to the 
centerline of the ring gear (27), the ~ttcm will be a low 
toe contact on the drive side, and a low heel contact on 
the coast side. Moving the drive pinion (5) farther away 
from the ring gear (27) by increasing backlash will 
cause low toe contact on the drive side to raise and 
move toward the heel;' the low hee1 contact on the coast 
side will raise and move toward the toe. 

ON-VEHICLE SERVICE 
CARRIER COVER AND GASKET 
Figure 1 

E3 Remove or Dlaconnect 
• Raise and suitably support vehicle. Refer to 

GENERAL INFORMATION (SEC. OA). 
• Cover bolts (1) and pry cover loose to drain 

lubricant 

~ Clean 
• All dirt from area of carrier cover before 

removing cover. 
• Both gasket sealing surfaces. 

REAR AXLE 4B-f1 

E3 Install or Connect 

• Use sealant 1052366 or cover gasket only. 

NOTICE: See •Notice" on page 4B-1 of this 
section 

1. Cover bolts (1) in a crosswire pattern. 

~ Tighten 

• Cover bolts (1) to 27 N·m (20 lb. ft.). 
2. Lubricant to a level flush with or within 4.5 mm 

(3/16 inch) of filler plug hole. Refer to 
MAINTENANCE AND - LUBRICATION 
(SEC. OB). 

AXLE SHAFT 
Figu,., 1 and 9 

E3 Remove or Dlscannact 

• Raise and suitably support vehicle. Refer to 
GENERAL INFORMATION (SEC. OA). 

1. Wheel and brake drum. Refer to DIRECT 
TORQUE DRUM BRAKE ASSEMBLY (SEC. 
5C3). 

~ Clean 
• All dirt from area of carrier cover. 

2. Lubricant from carrier by removing bolts and 
cover. 

3. Rear axle pinion shaft lock bolt (23), lock screw 
(26) and the rear axle pinion shaft (24). 

4. "C" lock (31) from the button end of the shaft by 
pushing the flanged end of the axle shaft (17) into 
the rear axle housing (10). 

5. Axle shaft (17) from housing, being careful not to 
damage oil seal (19). 

E3 Install or Connect 

NOTICE: See •Notice• on page 4B-l of this 
section for steps 4 and 5. 

i. Axle shaft (17) into place taking care that splines 
on the end of the shaft do not damage the oil seal 
(19) and that they engage with the splines of the· 
rear axle side gear. 

2. Axle shaft "C" lock on button end of axle shaft 
(17). Push shaft outward so that shaft lock seats 
in counterbore of rear axle side gear. 

3. Rear axle pinion gear shaft (24) through the 
diff'erential case (25), thrust washer (28) and 
pinions, aligning hole in shaft with lock screw 
hole. 

4. Lock screw (26). 

l~I Tighten 
• Lock screw to 27 N·m (20 lb. ft.) 

5. Carrier cover and bolts, using a new cover gasket 
(2). 
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HEEL CONTACT 

t DECREASE BACKLASH-
MOVES AREA. OF 
PINION CONTACT 

TOWARDTOE 

{j 
( 

TOE CONTACT 
INCREASE BACKLASH -

I MOVESAFIEAOF 
PINION CONTACT 
TOWARD HEEL 

1k 
{Jr 

HIGH FACE CONT ACT 
INCREASE PINION 

SHIM THICKNESS -
MOVES LARGER DIAMETER 

OF PINION IN TOWARD 
CENTeA OF Rll!IG GEAR 

DESIRED PATTERN -
IN CENTER OF 

RING GEAR TOOTH 

:r 
LOW FLANK CONTACT 

DECREASE PINION 
SHIM THICKNESS -

MOVES SMALLER DIAMETER 
OF PINION Ol/T TOWARD 
RING GEAR CENTER LINE 

DRIVE SIDE RING AND PINION TOOTH PATTERN CORRECTION 
a 

Figure 8 - Gear Tooth Contact Pattern and Adjustments Affecdng Tooth Contact 



~ T19h1en 
• Carrier cover bolts to 27 N •m. (20 lb. ft.). 

6. Axle lubricant to a level flush with or within 9.5 
mm (3/8 inch) of filler hole. Refer to 
MAINTENANCE AND LUBRICATION 
(SEC. OB). 

7. Brake drum and wheel. Refer to DIRECT 
TORQUE DRUM BRAKE ASSEMBLY (SEC. 
SC3). 

8. Lower vehicle. 

IL•l 1n1pect 
• Operation of axle. 

~ LOCKSCAEW 

(ill "C" LOCK 
I( 

Figure 9 - Pinion Shaft Lock Screw 

AXLE OIL SEAL AND/OR 
BEARING REPLACEMENT 
WITH AXLE SHAFT REMOVED 
Fi9ures 10 through 13 a Remove or Disconnect 

Tools Required: 
J 2619-01 Slide Hammer Assembly 
J 22813-01 Axle Bearing Remover 

1. Oil seal (19) from housing with a pry bar behind 
steel case of oil seal (19), being careful not to 
damage housing. 

• Insert J 22813-01 into bore and position it behind 
bearing so tangs on tool engage bearing outer 
race. 

2. Bearing assembly (18) using J 2619-01. a Install or Connect 

Tools Required: 
J 8092 Driver Handle 
J 23765 Axle Bearing Installer 
J 23771 Axle Seal Installer 

• Lubricate new bearing with gear lubricant. 
1. .Bearing iwembly (18) so that tool bottoms 

against shoulder in housing, using J 2376S and J 
8092. 

REAR AXLE' 48-13 

• Lubricate ·sealing lips with gear lubricant. 
• Position oil seal (19) on J 23771 and insert oil seal 

(19) into housing bore. 
5. Oil seal (19) into place, flush with axle tube. 

·------

~ REARAXLE 
HOUSING 

I!!] AXLESHAFT 

[!!] BEARING ASM. 

(!!I OIL SEAL 
KC007Cl-4B&RP 

Figure 10 - Axle Shaft Assembly 

K 

Figure 11 - Removing Axle Bearing 

PINION YOKE OIL SEAL 
Figures 1, and 14 through 17 

a Remove or Dilconnect 

Tools Required: 
J 8614-02 Pinion Yoke Remover 

p 

J 8614-03 Pinion Yoke Remover Screw 

J 8614-10 Pinion Yoke Holder 
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l!!J BEARING ASM. 
ltCOCM0-4 

Figure 12 • Installing Axle Bearing 

1»172-41 

Figure 13 - Installing Axle Seal 

• Mark the propeller shaft and pinion yoke (14) 
with a punch or cold chisel so they can be 
assembled in the same position. 

1. Propeller shaft from the rear axle pinion yoke 
(14). Support shaft up · in body tunnel by wiring 
propeller shaft to the exhaust pipe. 

· • H joint bearing., are not retained by a retainer 
strap, use a piece of tape to hold bearings on their 
journals. . 

• With rear wheels off floor, tum rear wheels and 
tap brake backing plates with a soft hammer to 
ensure that brakes are free. 

• Mark the position of the pinion yoke (14), pinion 
gear shaft (29) and nut with a punch so the proper 
pinion bearing preload can be maintained. 

2. Pinion yoke nut (16) and washer (15). 
• Use a suitable container to hold any fluid that 

may drain from the rear axle; 
3. Pinion yoke (14). 
4. Oil seal (13) by driving it out of the carrier with 

a blunt chisel. Do not damage carrier. 

[L!J Inspect 
• Seal surface of pinion yoke (14) for tool 

marks, nicks, or damage, such as a groove 
worn by the seal. H damaged, replace pinion 
yoke (14). Refer to "Pinion Yoke" m this 
section. 

• Carrier bore and remove any burrs that 
might cause leaks · around the outer 
diameter (OD) of the seal. 

E3 Install or Connect 

Tool Required: 
I 23911 Pinion Oil Seal Installer 

1. New oil seal (13) using I 23911. 
2. Seal lubricant, number 1050169 or equivalent, to 

the OD of the pinion yoke (14) and sealing lip of 
the new oil seal (13). 

3. Pinion yoke (14) and tighten nut to the same 
position as marked in removal procedure. While 
holding pinion yoke (14), tighten nut 1.59 mm 
(1/16 inch) beyond alignment marks. 

\ 

Figure 14 - Re,novlng Pinion Nut 

---7 
4-10 

~ PINION YOKE 
llP 

Figure 16 - Removing Pinion Yoke 

PINION YOKE 
F",gurn 1, and 14 through 17 

IHI Remove or Diaconnect 

Tools Required: 

J 8614-02 Pinion Yoke Remover 

J 8164-03 Pinion Yoke Remover Screw 

J 8614-10 Pinion Yoke Holder 



~ PINION YOKE OIL SEAL 

11:caaaa 1■•• 
Figura 18 - Installing Pinion Yoke 011 Seal 

• Raise and suitably support vehicle. Refer to 
GENERAL INFORMATION (SEC. OA). 

1. Both rear wheels and drums. Refer to DIRECT 
TORQUE DRUM BRAKE ASSEMBLY (SEC . 

. SC3). 

• Mark propeller shaft and pinion yoke (14) 
relationship. 

2. Rear joint and support propeller shaft out of the 
way. 

• If joint bearings are not retained by a retainer 
strap, use a piece of tape to hold bearings on their 
journals. 

• Check preload with a pound inch torque wrench 
and record. This will give combined pinion 
bearing, carrier bearing. axle bearing and seal 
prcload. 

3. Pinion yoke nut (16) and washer (15). 
• Use with a suitable container to hold any fluid 

that may drain from the rear axle. 
4. Pinion yoke (14). using J 8614-02, J 8614-03 and 

J 8614-10. 
S. Oil sea:l (13) by driving it out of carrier with a 

blunt chisel Do not damage carrier. a Install or Connect 

Tool Required: 
J 23911 Pinion Oil Seal Installer 

1. Oil seal (13) using J 23911. 
2. Seal lubricant, 1050169 or equivalent, to the OD 

of the pinion yok~ (14) and sealing lip of the new 
seal. 

3. Pinion yoke (14). 
4. Washer and pinion yoke nut (16) finger tight 
• While holding pinion yoke (14), tighten the nut 

gradually and tum drive pinion (5) several 
revolutiona after each tightening to set the 
bearings. Check the preload of bearings each time 
with a pound inch torque wrench until preload is 
0.3 to 0.6 N·m (3 to S lb. in.) more than reading 
obtained in the removal procedure. 

NOTICE: See "Notice" on page 4B-1 of this 
section. 

5. Propeller shaft to rear axle pinion yoke (14). 

REAR.AXLE 4&;.1& 

Ill nalrtln 
• Bolt to 22 N ·m (16 lb. ft.). 

6. Drums and wheels. Refer to DIRECT TORQUE 
DRUM BRAKE ASSEMBLY (SEC. SC3). 

7. Axle lubricant to a level flush with or within 9.5 
mm (3/8 inch). of filler hole. Refer to 
MAINTENANCE AND LUBRICATION 
(SEC. OB). 

• Lower vehicle. 

IL!) ln■pact 
• Operation of axle. 

Figure 17 - Checking Pinion Preload 

REAR AXLE ASSEMBLY 
Figure 1 

It is not necessary to remove the rear axle 
aacmbly for any normal repairs. However, if the 
housing is damaged, the rear ule assembly may be 
removed and installed using the following procedure. 

E3 Remove or Dllconnact 
• Raise and suitably support vehicle. Refer to 

GENERAL INFORMATION (S£C. OA). 
• Support vehicle frame. 
• Hoist must remain under rear u1e housing (10). 

· l. Shock absorbers -from ule. Refer .to REAR. 
SUSPENSION (SEC. 3D). 

2. Bolt securing left side of track bar to axle. 
3. . Brake line junction block bolt at rear ule housing 

. (10). Refer to GENERAL BRAKES (SEC. S). 
4. Brake lines at junction block. Refer to 

GENERAL BRAKES (SEC. 5). 
• Lower rear we· assembly on hoist 
S. Springs. Refer to REAR SUSPENSION (SEC. 

3D). 
6; Rear wheels and drums. Refer to DIRECT 

TORQUE DRUM BRAKE ASSEMBLY (SEC. 
SC3). 

7. Rear axle cover _bolts (1), cover and cover gasket 
(2). 

8. Axle shaft (17). Refer to "Axle shaft• in this 
section. 

9. Brake lines from axle housing clips. Refer to 
GENERAL BRAKES (SEC. 5). 

10. Brake backing plates (20). 
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11. Lower control arms from rear axle housing (10). 
Refer to REAR SUSPENSION (SEC. 3D). 

12. Torque arm at axle. 
• Mark propeller shaft and pinion yoke. 

13. Propeller shaft and support out of way. Refer to 
PROPELLER SHAFT (SEC. 4A). 

14. Rear axle housing (10). 

E3 lnsta.li or Connect 

1. Rear axle housing (10). 
2. Propeller shaft, aligning marks made at time of 

removal. Refer to PROPELLER SHAFI' (SEC. 
4A). 

3. Torque arm to axle. 
4. Lower control arms and tighten. Refer to REAR 

SUSPENSION (SEC. 3D). 
S. Brake backing plates .(20). 
6. Brake lines to ule housing under axle housing 

clips. Refer to GENERAL BRAKES (SEC. 5). 
7. Axle shaft (17). Refer to "Axle Shaft" in this 

section. 
8. Rear ule cover, cover gasket (2) and cover bolts 

(1) to proper torque. 
9. Drums and wheels. Refer to DIRECT TORQUE 

DRUM BRAKE ASSEMBLY (SEC. SC3). 
• Raise axle assembly on hoist. 

10. Springs. Refer to 'REAR.1SUSPENSION (SEC. 
3D). , 

11. Brake lines to junction block. Refer to 
GENERAL BRAKES (SEC. S). 

12. Junction block bolt to axle housing. 
13. Track bar to axle. 
14. Shock absorbers to axle housing. Refer to 

"Specifications" in this section. 
15. Axle lubricant to a level flush with or within 9.S 

mm (3/8 inch) of filler hole. Refer to 
MAINTENANCE AND LUBRICATION 
(SEC. OB). 

• Bleed hydraulic brake system. Refer to 
GENERAL BRAKES (SEC. S). 

• Upper and lower control arm bolts with weight 
of the vehicle on the axle. Refer to REAR 
SUSPENSION (SEC. 3D). 

16. Remove jackstands and lower vehicle. 

REAR WHEEL BOLT 
For information on rear wheel bolts • . refer to 

TIRES AND WHEELS (SEC. 3E). 

UNIT REPAIR 
Before attempting any service procedures, the 

techni~ must know what type rear axle is to be 
serviced. Refer to "Specifications" to identify codes, 
ring gear size, rations and "Service Parts 
Identification" label information. 

Most rear axle service repairs can be made by 
supporting the vehicle by the frame with the axle 
housing supported and lowered to its lowest travel. On 
some vehicles it may be necessary to disconnect shock 
absorbers to obtain additional clearance. When doing 
this, do not allow the rear brake hose to become kinked 
or stretched. 

Lubricant may be drained by removing all cover 
bolts mi~ breaking the cover loose at the bottom. 

If the rear axle housing is removed for any reason, 
rear ule ~ can be performed on the bench. 

When a new ring gear and pinion are installed, 
the owner should be advised not to accelerate rapidly 
or exceed 80 km/h (50 mph) for the first 80 kilometers 
(SO miles) of driving. 

Any time the differential is taken apart for 
service, the following cleaning and inspecting 
procedures should be followed: 

~C•n . 
• All rear axle bearings thoroughly in clean 

solvent. 

IL!J1nspect 
• Bearinp visually and by feel. All bearings 

should feel smooth when oiled and rotated 
while applying as much hand pressure as 
pouible. Minute scratches and pits that 
appear on rollers and races at low mileage 
are due to the initial preload, and bearings 
having these marks should not be replaced. 

• Sealing surface of pinion yoke for nicks, bum, or 
rough tool marks which would cause damage to 
the oil seal and result in an oil leak. Replace if 
damaged. 

• Carrier bore and remove any burrs that might 
cause leaks around the OD of the drive pinion 
gear oil seal. 

• Ring gear and drive pinion teeth for excessive 
wear and scoring. If any of these conditions exist, 
replacement of the gears as a set will be required. 

• Pinion gear shaft for unusual wear; also check the 
pinon and side gears and thrust washers. 

• Press fit of the side beariilg inner race on the 
differential .case hub by prying apinst the 
shoulder at the puller recess in the case. Side 
bearings must be tight press fit on the hub. 

• Diagnosis of the rear axle failure such as: chipped 
bearings. loose (lapped-in) bearings, chipped 
gears, etc. is a warning that some foreign material 
is present. The rear _ule housing (10) must be 
cleaned. 

DIFFERENTIAL CASE REMOVAL 
WITH AXLE SHAFT REMOVED 
Figures 1, 18 thnµigh 22 

E3 Remove or Di1COnnect 
Tool Required: 

J 8001 Dial Indicator Assembly 

• · Before removing the differential case (25) from 
the rear axle housing (10), ring gear to drive 
pinion backlash should be checked using J 8001. 
Refer to "Rear Axle Backlash• in this section. 
This will indicate gear or bearing wear or an error 
in backlash or prcload setting which will help in 
determining the cause of axle noise. 

1. Differential bearing cap bolts (3). 



[I] Important 

• Differential bearing caps (4) should be 
marked •L• and •R • to make sure they will 
be asac:mbkd in their original location. 

• Exercise caution in prying on rear axle 
housing (10) so gasket sealing surface is not 
damaged. 

• Place right and left bearing outer races and 
shims in sets with marked bearing caps so 
that they can be reinstalled in their original 
positions. 

2. Differential case. 

Figure 18 - Checking Ring Gear to Pinion Backlash 

0 PRYBAR 

Figure 19 - Removing Differential Case Assembly 

Et) DiluNmblt 

Tools Required: 

J 22888 Side Bearing Remover 

J 8107-2 Differential Side Bearing Remover 
Plug 

1. Rear axle side bearings, Uling J 22888 and J 
8107-2 (FJgUR 20). 

2. ·. · Bolt (23) that holds the rear axle pinion seer shaft 
(24). 

3. Rear ax.le pinion gears (29), side gears (30) and 
thrust washers (28) for case. Mark side gears (30) 
and case. 

4. Ring gear bolts (LH threads). 

5. · Ring gear (27) using a brass drift and hammer. 
Do not pry between ring gear (27) and case. 

REAR AXLE 48-17 

Figure 20 - Removing Differential Case Side Bearings 

(II Aaemble 

Tools Required: 

J 8092 Driver Handle 

J 2.5299 Differential Side Bearing Installer 

Before assembling the rear axle case, lubricate all 
parts with rear axle lubricant. 

1. Side gear thrust washers over side gear bubs and 
install side gears (30) in case. If same parts are 
reused, install in original sides. 

• Position one pinion (without wuher) between 
side gears (30) and rotate gears until pinion is 
directly ~te loading opening in case. Place 
other pinion between side gears (30) so that 
pinion shaft holes are in line; then rotate gears 
lining up holes in pinions with holes in case. 

• Rotate pinions back toward loading opening just 
enough to permit sliding in pinion thrust washers 
(28). 

2. Pinion gear shaft (24). 

NOTICE: See •Notice• on page 4B-1 of this 
section. 

3. Pinion shaft bolt (23). 

~ Tighten 

• Bok (23) to 27 N·m (20 lb. ft.). 

4. Ring gear (27) on case using new ring gear 
attaching bolts with bolts just snug (Figure 21). 

• Never use old bolts. 

• Tighten new bolts alternately in progn:uive 
stages to 120 N ·m (89 lb. ft.). 

5. Case side bearing auemblies (22), using 1 8092 
and J 25299 (Figure 22). 

• Continue with •side Bearing Shim Selection•. 
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0 LH THREAD STUDS 
7118~-20112 

e!] DIFFERENTIAL CASE · .C:c:o1 
Rgura 21 - Installing Ring Gear on CaN Assembly 

J809: 4il 
J252sa ----""'TI'~-r 

22 

Figure 22 - Installing Case Side Bearings 

Side Bearing Shim Selection 
FlgutN 1 and 23 

Ill Adjust 

The aide bearing praload adjustment la to 
be made before installing the pinion. If 
the pinion Is installed. remove ring gear 
(27). 

• Case side bearing preload is adjusted by changing 
the thickness of both the right and left shims (21) 
by an equal amount. 

• By changing the thickness of both shims (21) 
equally, the original backlash will be maintained. 

• Production shims (21) are cast iron and vary in 
thiclcncs.1 from S.33 mm to 6.91 mm (0.210 inch 
to 0.272 inch) in increments of 0.0S mm (0.002 
inch). 

• Standard service spacers are 4.32 mm (0.0170 
inch) thick and st.eel service shims are available 
from 1.02 mm to 2.08 mm (0.040 inch to 0.082 
inch) in increments ·of 0.0S mm (0.002 inch). 

[I] Important 

• Do not attempt to reinstall the C'1uction 
shims (21) as they may break w tapped 
into place. 

• If service shims (21) were previously 
installed, they can be reused, but whether 
using new or old bearings adhere to the 
following procedure in all cases. If bearings 
are used again, they must have original 
outer races in place. 

1. Determine the appromnate thickness of shims 
(21) needed by measuring each production shim 
or each service spacer and shim pack. 

2. In addition to the service spacer, service shims 
(21) will be needed. To select a starting point in 
service shim thickness, refer to Figure 23. 

4.32rmn (0.170"1 IERVICE SPACER 

TOTAL llflCKNES8 OF TOTAL THICKNESS OF 
BOTH PROD. SHIMS 8SMCE SHIMS TO IE . 

IIBIOVED USED AS A ITAATl'fG POINT 

10.57mm 0.420• 1.s2mn o.oeo• 
10.92mm 0.430'" 1. 78nwn 0 .010· 
11 .18mm 0.440• 2.03nvn 0.080-
11 .43mm 0.450• 2.29mm 0.080" 
11.88mm 0.4&0• 2.54rnm0.100· 
11 .94mm 0.470" 2.79mm 0.110• 
12. 19mm 0.480" 3.06mm 0.120· 
12.45mm 0.-WO- 3.30mm o. 130" 
12. 70mm 0.500" 3.58mm0. 140• 
12.95mm0.510" 3.81mm0.1&o-
13.21 mm 0.520" 4.oamm.o. 1 eo· 
13.46mm o.sao· 4.32mm 0.170" 
13.97mm 0,550• 4.83mm 0.1 so• 

"-----. ·----
Figure 23 - Shim Thlcknea 

3. Place case with bearing outer races in position in 
the rear axle housing (10). 

4. Slip the service-spacer between each bearing race 
and rear axle housing (10) with chamfered edge 
apinst housing. 

NOTICE: Install the left bearing cap (4) loosely 
so that the case may be moved while checking 
adjustments. Another bearing cap bolt (3) can be 
added in the lower right bearing cae hole. This will 
prevent the case from dropping whilr. making shim 
adjustments. 

(!ii Meuure 

• Select one or two shims totalling the amount 
shown in the right band column and position 
between the right bearing race and the service 
spacer. 

• Be sure the left bearing race and spacer are 
against the left side of housing. 

1. Insert progreMively larger feeler gage sizes 0.25 
mm. 0.30 mm. 0.36 mm, etc. (0.010 inch, 0.012 
inch, 0.014 inch, etc.) between the right shun (21) 



and sc:nice spacer until there is noticeable 
increase in drag. 

2. Push the feeler gage downward until the end of 
the gage makes contact with the carrier bore to 
obtain a correct reading. 

3. The point just before additional drag begins ia the 
correct feeler gage thickness. 

4. Rotate the case while using the feeler gage to 
ensure an even reading. 
• The original light drag· is caused by weight 

of the case against the housing while 
additional drag is caused by side bearing 
preload. 

• By starting with a thin feeler gage, a sense 
of "feel" is obtained. The beginning of 
preload can be recognized to obtain ZERO 
clearance. 

• It will be necessary to work the case in and 
out and to the left in order to insert the 
feeler gage. 

S. Remove the left bearing cap and shim from the 
rear ule housing (10). 

6. The total shim pack needed (with no preload on 
side bearings) is the feeler gage reading found in 
step 1 plus the thickness of shims installed in step 
3. , 

7. Select two shims of approximately equal si7.e 
whose total thickness is equal to the value 
obtained in step 1. 
• These shims will be installed between each 

side bearing race and service spacer when 
the case is installed in the rear axle housing 
(10). This gives a •slip fit• of the case in the 
housing 

• The preload will not be added until the final 
step. 

8. If the pinion is in position, install the ring gear 
(27), then proceed to "Rear Axle Backluh " 

Rear Axle Backlash 
Tools Required: 

J 8001 Dial Indicator .Assembly 
J 25588 Side Bearing Shim Installer 

(ll Adjust 

• Install differentjal case (25) into housing using 
shims (21) as determined by •side Bearing Shim 
Selection•. 

• Rotate differential case (25) several times to seat 
bearings. Mount J 8001. 
• Use a small button on the indicator stem so 

that contact can be made near the heel end 
of tooth. 

• Set J 800 l so that stem is in line with gear 
rotation and perpendicular to tooth angle 
for accurate backlash reading. 

• Check back)Mb at three or four points around 
ring gear (27). 
• Lash must not YIIIY over O.OS mm (0.002 

inch) around ring gear (27). 
• Pinion must be held stationary when 

checking backlash. 

REAR AXLE 41-19 

IJ] Important 

• If variation is over 0.05 mm (0.002 inch) 
check for burrs, uneven bolting conditions 
or distorted case flange and make 
corrections as necessary. 

t. Backlash at the point of minim.um lash should be 
between 0.13 mm and 0.23 mm (0.005 inch and 
0.009 inch) for a1I new gears. 

2. Backlash by increasing thickness of one shim and 
decreasing thickness of other shim the same 
amount. 
• For each 0.03 mm (0.001 inch) change in 

backlash desired, transfer 0.05 mm (0.002 
inch) in shim thickness. 

• To decrease backlash 0.03 mm (0.001 inch), 
decrease thickness of right shim 0.05 mm 
(0.002 inch) and increase thickness of left 
shim 0.05 mm (0.002 inch). To increase 
backlash 0.05 mm (.002 inch), increase 
thickness of right shim 0.10 mm . (0.004 
inch) and decrease thickness of left shim 
0.10 mm (0.004 inch). 

• Continue with "Side Bearing Preload and Case 
Installation." . 

Side Bearing Praload 
and Case Installation 
Ftffures 1 and 24 

Ill Adjust 

Tool Required: 
J 25588 Side Bearing Shim Installer 

• Keep shim packs in their RSpective position, 
right or left side. 

• Select a shim 0.10 mm (0.004 inch) thicker than 
one removed from the left side, then insert left 
side shim pack between the spacer and the left 
bearing race. · 

• Loosely install bearing cap. 
• Select a shim 0.10 mm (0.004 inch) thicker than 

the one removed from the right 11de and insert 
between the spacer and the right bearing race. 

• It will be necessary to drive the right shim into 
· position using J 25588. 

NOTICE: See •Notice' on page 4B-1 of this 
section. · 

,~, Tighten 

• Side bearing caps to 75 N ·m (55 lb. ft.). 
• Check backlash and correct if necessary. 

E3 Install or Connect . 

1. Axles. Refer to "Rear Axle Assembly• in this 
section. 

2. New cover gasket (2). 
3. Cover. 



48-20 REAR AXLE 

~ Tightan 

• Cover bolts (1) to 27 N·m (20 lb. ft.). 
• Fill rear axle to a level flush with or within 9.5 

mm (3/8 inch) of filler hole. 

Agure 24 - Installing Cue Preload Adjusting Shims 

DRIVE PINION, BEARINGS AND RACES 
WITH CASE REMOVED 

Drive Pinion 
r,gurn 1 and 25 · 

E3 Remove or Disconnect 

Tool Required: 
J 22536 Pinion Driver 

1. Differential case (25), see "Differential Case 
Removal with Axle Shaft Removed• in this 
section. 

• Check the drive pinion bearing preload. If there 
is no preload reading, check. for looseness of 
pinion assembly by shaking. Looseness could be 
caused by defective bearings or wom pinion yoke 
(14). If the rear axle was operated for an extended 
period with very loose bearings, the ring gear (27) 
and drive pinion (S) will also require replacement 

2. Pinion yoke (14). Refer to "Pinion Yoke" in this 
sectiori.. 

_3. Pinion, using J 22536. Apply heavy hand pressure 
on pinion remover t~ward .,rear axle housing to 
keep front bearing seated to avoid damage to 
outer race. 

E3 Install or Connect 
• H installing a new ring and pinion, measure pinion 

depth before installing rear pinion bearing. Refer 
to .. Pinion Depth" in this section. 

1. Rear: pinion bearing inner race (8). Refer to "Rear 
Pinion Bearing" in this section. 

2. Front pinion bearing outer race (I 1). Refer to 
"Front Pinion Bearing" in this section. 

NOTICE: There are two types of collapsible 
spacers. Be sure to use the inverted type on the 
7-5/8 inch axle. 

3. New collapsible spacer (9) on pinion and position 
lubricated assembly in rear axle housing. 

• Hold forward on pinion . into rear axle housing 
·assembly. 

4. Front bearing (12) on pinion and drive bearing on 
pinion shaft until seated in race. 

0 DRIVE PINION 

9 SPACER UNVERTED STYLEI 
ICCOCJ90-48.f.RP 

Figure 25 - Collapsible Inverted Spacer on Drive Pinion 

5. Pinion yoke oil seal (13) in carrier. Refer to 
'Pinion Yoke Oil Seal• in this section. 

• Coat lips of pinion oil seal and seal surface of 
pinion yoke (14) with lubricant, number 1050169 
or equivalent. 

6. Pinion yoke (14) on drive pinion (S) by tapping 
with a soft hammer until a few pinion threads 
project through yoke. 

7. Pinion yoke washer (15) and nut (16). 
• Hold pinion yoke (14). 
• While intermittently rotating pinion to seat 

pinion bearings (7 and 12), tighten pinion 
yoke nut (16) until end play begins to be 
taken up. rn Important 

• When no further end play is detectable and 
when holder will no longer pivot freely as 
pinion is rotated, preload specifications are 
being approached. 

• No further tightening should be attempted 
until the preload has been checked. Check 
preload by using a torque wrench. 

• After preload has been checked, final 
tightening should be done very carefully. 

• Additional tightening of the pinion yoke nut 
(16) can add many additional pound-inches 
of torque. 

• The pinion yoke nut (16) should be further 
tightened only slightly and the preload 
should be checked after each tightening. 

• Exceeding preload specifications will 
compress the collapsible spacer (9) too far 
and require the installation of a new 
collapsible spacer (9). 

• Set preload as 2.7 to 3.6 N·m (24 to 32 lb. in.)_ on 
new bearings or 1.0 to 1.4 N·m (9 to 12 lb. m.) 
on used bearings. 

• Rotate pinion several times to ensure that · 
bearings have been seated. 
• Check preload again. 



• If prdoad has been reduced by rotating 
pimon, reset prcloed to specifications. 

• Continue with diff'en:ntial case (2S) service. Refer 
to •Differential Case Removal with Axle Shaft 
Removed· in. this section. 

Rear Pinion Bearing 
Flgww 21 through 28 

E3 Remave or Dilcannect 
Tool Required: 

J 22912-01 Rear Pinion Bearing Remover or 
J 33868 Rear Pinion Bearing Remover 

1. Drive pinion (5). Refer to •Drive Pinion, 
Bearings and Races with Case Removed• in this 
section. 

2. Bearing from the pinion gear, using J 22912-01 
or J 33868 (Figure 26). 

3. Inner race (8) from the n:ar axle housing (10) 
using a punch in the slots provided for this 
purpose (if bearing is being replaced). 

E3 lnmD or Connect 
Tools Required: 

J. 8092 - Driver Handle 
J 29<J09 Rear Pinion Bearing Cup lmtaller 

1. Rear pinion bearing ~ race (8), using J 8092 
and J 29609. 

2. Rear e?OD bearing (7) on pinion using correct 
shim (if used) and J 29609. 

3. Drive pinion. Refer to •Drive Pinion, Bearings 
and Races with Cage Removed• in this section. 

J22912~1 
OR 

J33888 

0 OPENING IN TOOL MUST BE 
SUPPORTED 

I( " 

Figura 28 - Removing Rear Pinion Bearing 

Front· Pinion· Bearing 
FigutN 1 and 29 

E3 RIIIIOV8 or Disconnect _ 
1. Drive pinion (5). Refer to •Drive Pinion, 

Bearings and Racc::s with Case Removed• in this 
section. 

2. Outer race (11) from n,ar axle housing (10) using 
a punch in slots provided for this purpose. 

REAR AXLE 411-21 

J29809 

Rgure 27 - Installing Rear Pinion Bearing 

«_ ~... 8 
J 29609 

~ . J8082 

• 
[!] INNERRACE 

Figure 28 - Installing Rear Pinion Bearing Inner Race 

E3 Install or Connect 

Tools Required: 

J 8092 Driver Handle 

1 7817 Front Pinion Bearini Cup Installer 

1. Front pinion bearing outer race (11), using 18092 
and J 7817. 

2. Drive pinion (5). Refer to •Drive Pinion, 
Bearings and Races with Case Removed· in this 
section. 

co " 
Figure 29 - Installing Front Pinion Bearing Outer Rece 
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PINION DEPTH 
F,gurN 1, and 30 through 32 

l@I Measure 
Tools Required: 

J 8001 Dial Indicator Set 
J 23597-1 Arbor 
J 23597-11 Gage Plate 
J 23597-12 Rear Pilot Washer 
J 21777-42 Front Pilot Washer 
J 21777-43 Stud Assembly Bolt 
J 21777-45 Side Bearing Discs 

• Pinion depth is measured with a pinion setting 
sage. The gage provides a "'nominal" or "'zero" 
pinion as a gaging reference. 

~ Clean 
• All parts of gage. 
• Side bearing bore. 
• Front and rear bearing cups. 

. • Lubricate front (12) and rear (7) pinion bearings 
with rear axle lubricant. 

E3 Install or CoMect 

1. I 21m-43 through J 23597-12. 
2. 123597-11. 
3. J 2lm-42 and nut in carrier. 

~ Tighten 
• Nut to 2.2 N-m (20 lb. in.). 

• Rotate J 23597-1 to seat the bearings. 
• MountJ 8001 on J 23257-1 and preload indicator 

against plunger about 0.0SO inches. 

0 REAR PINION BEARING 

E!J FRONT PINION BEARING 

J8001 

ltCO '°'4U-RP 

Figure 30 - Pinion Gage Plate Installed in Carrier 

4. J 21777-45 on J 23597-1 and position unit in 
carrier. 

S. Side bearing caps. 

Ill Tighten 
• Bolts to 75 N·m (55 lb. ft.). 

• Rotate J 23S97-1 slowly back and forth until J 
8001 reads the greatest deflection (the point 
where the needle changes direction). At that 
point, set J 8001 to zero. Repeat rock action to 
verify the zero setting. 

• After zero setting is obtained. rotate J 23597-1 
until the plunger is removed from J 23597-11. 
The pinion being used is a •zero• or "'nominal• 
pinion. 

• Record J 8001 reading at pointer position. This 
indicates the proper shim to use. Example: if 
pointer moved counterclockwise 1. 70 mm (0.067 
inch) to a dial reading of 0.84 mm (0.033 inch), 
this mdicatcs a shim thickness of 0.84 mm (0.033 
inch). (Figure 31). 

• Select the correct drive pinion shim to be used 
during reassembly on the following basis: 
• No marking on drive pinion. correct shim 

has thickness equal to J 8001 reading. · 
- Plus ( +) marking on drive pinion, shim 

thickness indicated by J 8001 increases by 
the amount on the drive pinion. 

- M"mus (-) on drive pinion. shim, thickness 
indicatedbyJSOOldccreasesbytheamount 
on the drive pinion. 

• Shims are available in 0.03 mm to 0.94 mm (0.001 
inch to 0.037 inch). Shim thickness is etched on 
the flat surface for ~ identification. 

• Loosen J 21777-43 and remove J 23597-11, J 
21777-42 and both bearings from carrier. 

6. Correct shim on drive pinion (S). 
7. Drive pinion rear bearing (7). . 
• For reassembly. refer to •Differential · case 

Removal with Axle Shaft Removed"' in this 
section. 

• Preload of the total assembly is measured at the 
pinion yoke nut. With new bearings, preload is 
3.9S to 4.52 N ·m (35 to 40 lb. in.) rotating torque 
with a new seal. ·With used bearings, preload is 
2.26 to 2.82 N • m (20 to 25 lb. in). rotating torque 
with a new seal 

LIMITED SLIP REAR AXLE 

Differential Case 
Figure33 

CAUTION: To avoid pouibla injury,. 
never raise one wheel and run the 
engine with the transmission in gear. 
The driving force to the wheel on the 
floor will cause the vehicle to move. 
Do not use •on the vehicle• type wheel 
balancers on the rear wheels unless 
both wheels are off the floor. 
The Auburn limited slip differential case is 

non-serviceable and must be replaced as an assembly. 
Removal and replacement of the differential case and 
service on the side bearings and ring gear is the same 
as for the standard rear axle. For service procedure, see 
•standard Rear Axle• in this section. 



0 OFFGAGEBLOCK 

[!] ON GAGE BLOCK 
' 

Ftgure 31 - Checking Pinion Depth 

0 AREAS OF PINION 
DEPTH SETTING MARKING 

Figure 32 - Pinion Marking 

REAR AXLE 48-23 



48-24 REAR AXLE 

~ AUBURNCASEASSEMBLY 
INON-SERVICEABLEJ 

~ LOCKSCREW 
ICD3D041 ■ • 

Agure 33 - Limited Slip Rear Axle - Auburn Type 

SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

Bolt • Rear Universal Joint to Pinion Flange 
Strap or U-Bolt - All ...................................................................................... 22 N·m (16 lb. ft.) 

Bolt - R~ Axle Ho~g Coyer to.Carrier ..................................................... 27 N·m (20 lb. ft.) 
Bolt - Ring Gear to Differential Tail case ..................................................... 120 N ·m (89 lb. ft.) 
Bolt - Bearing Cap to Carrier ........................................................................... 7S N ·m (S5 lb. ft.) 
Look Screw .......................................................................................................... 27 N ·m (20 lb. ft.) 
Pinion Shaft Bolt .......•...... .......... .... .... ........ ...... ............ .. .... .......... ..... ................ 27 N • m (20 lb. ft.) 
Nut in Carrier ................................................................................................. 2.2 N·m (19 lb. in.). 

ADJUSTMENT SPECIFICATIONS 

Pinion Bearing Preload 
(Measured at Pinion Flange Nut) 
New Bearings ............................................... 2.7 to 3.6 N·m (24 to 32 lb. in) Rotating Torque 

Reused Bearings ................................................ 1.0 to 1.4 N•m (9 to 12 lb. in.) Rotating Torque 
Total Assembly Preload (Measured at Pimon Flange Nut) 

New Bearings ........................................... 3.95 to 4.52 N ·m (35 to 40 lb. in.) Rotating Torque 
Reused Bearings ...................................... 2.26 to 2.82 N•m (20 to 25 lb. in.) Rotating Torque 
~ Gear PositiQn .................................................................................. O.oos• • 0.009' Backlash 
Limited Slip Operation 

Torque ~ to Rotate One 
Wheel with Manual Transmission 
in Gear or Automatic Transmission 
in •pARK.•, Both Tires Off Ground .............................. 169 to 305 N•m (125 to 225 lb. ft.) 

Torque Required to Rotate One 
Wheel with Transmission 
in 'NEUTRAL', One Tire Off Ground ................................... 59 to 90 N·m (44 to 66 lb. ft.) 



!ING STD 
GEAR AXLE 

DIAIETER CODI! 
8HP 

8HK 

7.82· -
6HL 

REAR AXLE IDENTIRCATION 

0 AXLECOVER 

[!] AXLECODE 

[£] MANUFACTURER 

II] DAY BUILT 

[I] SHIFT 

[!] 
~ 

Rear Axle Identification 
K 

LIS 
AXLE 
CODE 
8HT 
8HF 
8H8 
6HQ 
8HJ 
-

REAR AXLE 48-2& 

AXLEUSAGE 
AXLE REAR TEETH 
GUii BRAKE RINGGEAfl: AXLE 
RATIO DRUM PINION 11'0 

2.73 CASTIAON 41: 15 GU2 

3.08 CASTIAON 40:13 GU4 
AWMIMJM 40:13 GU4 

CASTIAON GU5 3.23 42:13 
ALUMINUM GU6 

3.42 CASTIFION 41: 12 GUS 

SPECIAL TOOLS 

J8814-01 SET 

EJ ~ J8614-02 

II] ... 11,■w~g Jaa, ..... 03 

J8814-01 SET 

[TI ADAPTER 

II] SCREW 

0 COMPANION FLANGE HOLDER AND REMOVER 

0@====::::ll;la;III;======~] J 8814-10 

IC01• 41 FM' 



48-28 REAR· AXLE 

[!] 0 J23597-12 

[2J J 23597-1 

0 0 J 21777-42 

~ 0 J23597-11 . 

@ 
0 411/1000 WIIOllll l J 21777-43 

~ PINION SETTING GAGE - ARBOR 

0 PINION SETTING GAGE - GAGE PlA TE 

[I] PINION SETTING GAGE - REAR PILOT WASHER ® 
0 PINION SETTING GAGE - FRONT PILOT WASHER 0 J21777-45 

0 PINION SETTING GAGE - STUD ASM-BOL T ~ 
0 PINION SETTING GAGE - SIDE BEARING DISCS 



(2](0p--(:J-
J2819-01 0 

J7817 

J8092 

J8107·2 

J21579 

[!] SUDE HAMMER ASM 

.0 FRONT PINION BEARING CUP INSTALLER 

[!] DIAL INDICATOR ASM 

0 DRIVER HANDLE 

0 DIFF. SIDE BEARING REMOVER PLUG 

[!] AXLE SHAFTPUUER 

0 PINION DRIVER 

[!] AXLE BEARING REMOVER 

J 22813-01 

J22888 

@ ~22912-01 

J23785 

[I) DIFF.SIDE BEARING REMOVER 

~ REAA PINION BEARING REMOVER 

[!TI AXLE BEARING INSTALLER 

~ AXLEOILSEALINSTALLER 

I!!] PINION OIL SEAL INSTALLER 

B Off. SIDE BEARING INSTALLER 

l!!) SIDE BEARING SHIM INSTALLER 

REAR AXLE 41-27 

J23n1 

~g:tn 
J23911 

J25299 

J25588 

[!!]~ 
J29609 

l!!] REAR PINION BEARING CUP INST AUER 



· BORG-WARNER REAR AXLE 481-1 

SECTION 4B1 

BORG-WARNER REAR AXLE 
The follo~g •~otice" applies~ one or ~ore steps in the ~ly _Rrocedure of components in this J)Ortion 

of the maoll2tl as mdicated at appropnate locations by the termmology: NOTICE: See •Notice' on page 4B1-1 
of tma section.. 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number for that &PJ>lication. If the correct part 
number fastener is not available, a fastener of equal size or sfrqth (or stronger) may be used. Fasteners that are 
not reused, and those requiring thread locking compound will be called out. The correct torque value must be used 
when h,st;alling fasteners. that requini it. If the above conditions are not followed, parts or system damage could 
result. 
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GENERAL INFORMATION 
STANDARD REAR AXLE 
Figure 1 

The rear axle assembly is the semifloating type in 
which the vehicle wciaht is carried on the ule housing. 
The rear axle assembly is designed for use with an open 
drivelme and coil •~· 1be rear axle bas a hypoid 
type ring gear and pimon with the centerline of the 
pinion gear below the centerline of the ring gear. 

All parts necessary to transmit power from the 
propeller shaft to the rear wheels are enclosed in an 
ule housinf A rem(!vable ~ cover bolted to~ rear 
of the housmg permrts terV1CC of the rear axle without 
removing the entire assembly from the vehicle. 

Most rear axle service repairs can be made with 
the rear u1e assembly in the vehicle, by raising the rear 
end of the vehicle with the rear ule banging on the 
shock absorbers. 

A universal joint conncc.ts the rear end of the 
propeller -shaft to a pinion yoke (7), having a splined 

Adjustments Affecting Tooth 
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cnd which tits over and drives the hYJ>Oid pinion gear. 
Two preloaded tapered roller bearings support the 
hypoid pinion gear (23) in the housing. The rear 
bearing ~p (20) of the rear bearing cone (21) is a tight 
press fit on the pinion stem. The front bearing cup (9) 
of the front bearing cone (10) combines a light press fit 
to a c1oae sliding fit 011 the pinion yoke (7) end of the 
pinion stem. The cup race of each bearinJ is pressed 
against a shoulder recessed in the housing. Tightening 
the pinion nut (12) compresses a collapsible spacer (11) 
that bears against the front bearing cup (9) and a 
shoulder on the pinion stem. This spacer (11) is used 
to enable accurate bearing preload adjustment and 
maintain a preload 011 both front and rear pinion 
bearing cones (10 and 21). Adjustment of the 
fore-and-aft position of the pinion is obtained. by 
instaJJing a thicker or thinner shim (22) between the 
rear pioi~ bearing Cll_P and ~e axle ho~ (31). ~c 
differential case (27) IS two p1ece and II supported m 
the axle housing (31) by two tape(ed roller side 
bearings. The side bearinp are preloaded by inserting 
shims (24) between the bearing cups (25) and cones 
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(26) and the tear axle housing (31). The dift'erential 
case (27) is positioned for proper ring gear to pinion 
backlash by varying the shim thickness from side to 
side. The ring pu: (30) is-bolted. t<? the case. Two side 
gears have splined bores for drivmg the axle shafts. 
They are positioned to tum jn counterbored cavities in 
the case. The four rear axle pinions have smooth bores 
and are held in position by a solid pinion cross shaft, 
mounted and locked in the dift'erential case (27). All six 
gears are in mesh with each other. The pinion gears 
turn freely on their shaft, acting as idler gears when the 
rear wheels are turning at dift'erent speeds. The pinion 
gears and side gears are backed by steel thrust washers. 

Operation 
When the vehicle tams a comer, the dift'erential 

allows the outer rear wheel to tum faster than the inner 
wheel. The inner wheel slows its differential side gear 
(as the axle shaft is splined to the side gear) and the 
differential pinion gears roll around the slowed 
differential side gear, driving the other differential side 
gear and the outer wheel faster. 

LIMITED SLIP DIFFERENTIAL 
The operation of the limited slip dift'crential is the 

same as the standard differential, except that there is 
additional friction provided by the conical clutches. 
Under ordinary driving and comering conditions, the 
cones slip to allow the outside wheel to turn faster than 
the inner wheel. Under poor traction conditions such 
as ice, snow or loose gravel under one driving wheel, 
the increased friction provided by the cones increases 
the driving torque available to the wheel with the better 
traction. The cones are spring-loaded to provide 
increased driving torque under extremely low traction 
conditions. 

REAR AXLE IDENTIFICATION 
The rear axle identification code and 

manufacturer's code must be known before attempting 
to adjust or repair axle shafts or the differential 
assembly. Rear axle ratio, differential type, 
manufacturer (Borg-Warner - Australia) and build date 
information are stamped on.a glued-on label on. the axle 
housing and on an identification taJ (17) attached to the 
carrier cover. Refer to "Specifications" in this section. 

MAINTENANCE AND LUBRICATION 
llef'er to MAINTENANCE AND 

LUBRICATION (SEC. OB). 

DIAGNOSIS 
Many noises reported as coming from the rear 

axle actually originate from other sources such as tires, 
road surfaces, wheel bearings, engine, transmission. 
muffler or body. A check should be made to determine 
the source of the noise before taking apart the rear axle. 
Noise which originates in other places cannot be 
corrected by adjustment or replacement of parts in the 
rear axle. Rear axle gears, like any other mechanical 
device, are not absolutely quiet and should be accepted 

as being commercially quiet unless some abnormal 
noise is present. 

To make a systematic check for axle noise under 
standard conditions, observe the following: 

1. Select a level asphalt road to reduce tire noise and 
body drumming. 

2. Check rear axle lubricant to assure com:ct level, 
then drive the vehicle far enough to thoroughly 
warm up the rear axle lubricant. 

3. Note speed at which noise occurs. Then stop the 
vehicle and with the automatic transmission in 
•NEUTRAL•, run the. engine slowly up and 
down through engine speeds corresponding to the 
vehicle speed range at which the noise was most 
pronounced to determine if it is caused by 
exhaust, muffler roar or other engine conditions. 

4. Tire noise changes with different road surfaces, 
but rear axle noise does not. Temporarily 
inflating all tires to approximately 345 kPa (SO 
psi) for test purposes will change any noise caused 
by the tires but will not affect noise caused by the 
rear axle. Rear axle noise usually stops when 
coasting at speeds under 48 km/h (30 mph). Tire 
noise continues, but with a lower tone as vehicle 
speed is reduced. Rear axle noise usually changes 
when comparing drive and coast, but tire noise 
remains about the same. 

Distinguish between tire noise and rear axle 
noise by noting if the noise varies with 
various ~ or sudden acceleration and 
deceleration. Exhaust and ule noises show 
variations under these conditions while tire 
noise remains constant ind is more 
noticeable at speeds of 32 to 48 km/h (20 
to 30 mph). Check for tire noise by driving 
the vehicle over smoo~ pavement or dirt 
roads (not gravel) with tires at normal 
pressure. If the noise is caused by tires. it 
will noticeably change or disappear and 
reappear again with changes in the road 
surface. 

5. Loose or rough front wheel bearings will cause a 
noise which may be confused with rear axle 
noises. Front wheel bearing noise does not change 
when comparing drive and coast. Light 
application of the brake while holding the vehicle 
speed steady will often cause wheel bearing noise 
to diminish, as this takes some weight off the 
bearing. Front wheel bearings may be easily 
checked for noise by jacking up the wheels and 
spinning them or by shaking the wheels to 
determine if the bearings are loose. 

6. Rear suspension rubber bushings and spring 
insulators dampen out rear axle noise when 
correctly installed. Check that no metallic 
contact exists between the spring and spring seat 
opening in the frame or between lower control 
arm bushings and frame or axle housing brackets. 
Metal-to-metal contact at those points may result 
in telegraphing road noise and normal axle noise 
which would not be objectionable if dampened by 
bushings. 



BORG-WARNER REAR AXLE 481-3 

mmm0[!] 0 If 8l!!i 
tc@@OOO [!I C!J@ I=-

,1 00 pa ,,,11 ~o 
rillO 

~(0 
000~00□ 

~ ~ ~ ~ 

[I] OUTER BRO. RETAINER 

(!] WHEELSEAL 

[!] WHEB. BRG. ~NE 

0 WHEEL BRG. CUP 

[I] INNER BAG, RETAINER 

0 AXLESHAFT 

[I] PINION YOKE 

[!] PINION OIL SEAL 

[!] FRONT BRG. CUP 

~ FRONT BAG. CONE 

IE] COLLAPSIBLE SPACER 

E!) PINIONNUT 

[i!) DIFffRENTIAL BRG. CAPS 

IE) DIFFERENTIAL CAP 80L TS 

(!!] AXLE DRAIN PLUG 

IT!] COVER BOLTS 

[!!l LUBRICATION TAG & 
IDENTIFICATION TAG 

G!} COVER 

IT!] COVER GASKET 

~ REAR BRG. CUP 

I!!] REAR BRG. CONE 

~ PINION POSITION SHIM 

~ HYPOIO PINION 

[El DIFF. BRG. S .. M 

~ DIFF. BRG. CUP 

e!) DIFF. BRG. CONE 

e!] DIFFERENTIAL CASE 

~ BRAKE BACKING PLATE 

e!) RING GEAR BOLTS 

~ HYPOIO RING GEAR 

(!D AXLE HOUSING 

Rgure 1 - Bor~Wamer Rear Axle, 7.75 Inch Ring Gear 

@] 

m ~ 
... 
~ -



'81-4 BORG-WARNER REAR AXLE" 

REAR AXLE NOISES 

Gear Noise 
After the noise has, been determined as being in 

the ule, the type of ule noise should be established to 
help in making repairs if necessary. 

Gear noise (whine) is audible from 32 to 89 km/h 
(20 to 55 mph) under four driving conditions: 
l. Light Acceleration - Accelerate slowly. 
2. Road .Load - Vehicle driving load or constant 

speed. 
3. Float • Using enough throttle to keep tbe vehicle 

from driving the engine, the vehicle slows down . 
gradually but the engine still pulls slightly. 

4. Coast • Throttle closed and vehicle in gear. Gear 
noise most frequently bas periods where noise is 
niorc noticeable, usually 48 to 64 km/h (30 to 40 
mph) end 80 to 89 km/h (50 to 55 mph). 

·Bearing Nol11 
Bad bearings generally produce a roup growl or 

grating sound, rather than the whine typical of sear 
noise. Bearing noise frequently •wow-wows• at 
constant bearing rpm. indicating a faulty pinion or rear 
axle case side bearing. This noise could easily be 
confused with rear wheel bearing noise. Inspect and 
replace as required. · 

Rear Wheel Bearing Noise 
A rough rear wheel bearing produces a noise that 

continues with the vehicle coasting at low speed and 
transmimnn in •NEUTRAL•. Noiee may diminish 
during gentle braking. W-rth rear wheels jacked UP, spin 
the rear wheeJs by hand while listening at hubs for a 
noisy wheel bearing. · 

Knock at Low Speeds 
Lqw_ speed knock can be caused by a wom 

universal joint or a worn side gear hub counterborc in 
the differential case. Inspect and replace the universal 
joint or the differential case and side gear as required. 

Backlash Clunk 
Excessive clunk on acceleration and deceleration 

can be caused by a worn differential pinion gear shaft, 
worn differcntial case, ex~ve clearance between the 
u1c abaft and side par splines or excessive clearance 
between a side gear hub and the coutcrbore in the case. 
Remove worn ·parts and .-eplace as ~ selecting 
close titting parts when pouible. AdJust pinion and 
ring gear backlash. . 

LIMITED SLIP REAR AXLE 
Improper operation is generally indicated by 

clutch slippage or grabbing. Sometimes this produces 
a chatter or whirring sound. These sounds are not 
always indicative of failure as they could be produced 
from lack of proper lubrication. For example, under 
certain conditions where one wheel is on a very slippery 

surface_ and the other on _dry pavement, wheel spin can 
occur if hard acceleration II attempted. Continued 
spinning may cause audible noise such as a whirriq 
sound, due to cones Jacking sufficient lubiicant. This 
does not necessarily indicate a failure of the unit. 

During qular operation (ltraight ahead driving) 
when :both wheels rotate at equal ·speeds, there is an 
equal driving force delivered to each wheel When 
cornering, the inside wheel requires extra driving force, 
causing sl.h,page in the clutch cone. Consequently, the 
operational -lite of the limited slip unit is dependent 
upon equal rotation of both wheell during straight 
ahead operation. If wheel rotation for both rear wheels 
is not ectual during straight ahead operation, the 
limited slip unit will coostantly be functioning as if the 

.. v~cle were cornering. This ~ . impose constant 
slippage on the clutch . and will eventually lead to 
abnormal wear on the clutch cone. It .is important that 
there are no c:%cessive differences in the rear wheel tire 
sizes, air pressures, or tire wear patterns. One indication 
of this condition is swerving upon acceleration. If 
swerving upon acceleration is eocoun~ check. the 
above items before proceeding with an overhaul 
operation. 

Checking Limited Slip Operation 
Figllfl2 

Tools Required: 
J 2619-01 Side H.amn,.er Assembly 
J 21579 Axle Shaft Remover 

l. Place automatic transmbwi011 in •p AltK" 
position or manual tnmsmiuinn in gear. 

2. Raise rear of vehicle until one rear tire is off the 
ground and remove the wheel and tire assembly. 

3. Attach J 2619-01 and J 21579 to axle shaft flange 
and install a 1/2-13 bolt into adapter. 

4. With transmission in •p ARK• and the other rear 
tire clear of the ground, (wheels will rotate in 
opposite directions), measure torque required to 
rotate axle shafts with a torque wrench attached 
to 12619-01. If the torque reading is less than 48-
N •m (35, lb. ft.), the unit should be taken apart 
and repaired as required. 

S. Install wheel and tire assembly. 

J2919-01 

0 TORQUE WRENCH 

Figure 2 - Maasurin$ Limited Slip Rotating Torque 
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LIMITED SLIP REAR AXLE DIAGNOSIS 
Canditian 
1. Noise is the same in drive or coast. 

2. Noise ch.ange.1 on a dift'crent type of road. 

3. Noise tone lower u vehicle speed is lowered. 

4. Noise is produced with vehicle standing and 
driving. 

5. Vibration. 

6. A knock or click approximately every two 
revolutions of the rear whc;el. 

7. Noise most pronounced on turns. 

8. A continuous low pitch whirring or scraping 
noise, starting at relatively low speed. 

9. Drive noise, coast noise or float noise. 

10. Clunk on acceleration or deceleration. 

11. Groan in forward or reverse. 

12. Chatter on turns. 

13. Clunk or knock on rough road operation. 

PRE-REPAIR INVESTIGATION AND TROUBLE 
DIAGNOSIS 
Figurfltl 3 thlOUfh 8 

A close examination of the differential before 
taking it apart will often reveal valuable information as 
to the extent and type of repairs or adjustments 
necessary. This information and the report of the 
malfunction provide a basis for determining the degree 
of disassembly required. Frequent causes of we noise 
are improper backlash, pinion bearing preload. side 

Calll8 
L Road noise. 
b. Tire noise. 
c. Front wheel bearing noise. 
d. Incorrect driveline angles. 

L Road noise. 
b. Tin: noise. 

a. Tire noise. 

L Eqine noise. 
b. Transmission noise. 

L Rough rear wheel bearing. 
b. Unbalanced or damaged propeller shaft. 
c. Tire unbalanced. 
d. Worn universal joint in propeller shaft. 
e. Incorrect driveline angles. 
f. Mis-indexed propeller shaft at pinion yoke. 
g. Too much pinion yoke runout. 

a. Rear wheel bearing. 

L Rear axle side gear and pinion noise. 

L Pinion bearing noise. 

a. Ring and pinion gear noise. 

a. Worn rear axle pinion shaft in case or wom 
side gear hub counterbore in case. 

b. Wom universal joint on propeller shaft. 
c. Insufficient slip yoke lubrication. 

L Wrong lubricant in rear we. 
b. Worn bushings. 

L Wrong lubricant in rear we. 
b. Worn clutch cone and/or spring. 

a. Excessive end play of we shafts. 
b. Wom bushings. 

bearing preload, or a combination of these items. A few 
simple adjustments may be all that is necessary to 
correct the problem. 

Before removing the case from the housing. the 
following checks should be made with the results 
recorded and analyud: 1) Backlash; 2) Total Assembly 
Preload; 3) Tooth Contact Pattern; 4) Fluid Level; and 
5) Fluid Contamination. 

If axle shaft end play is excessive, check bearings, 
retainer, and the bolts securing the backing plate. The 
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ABRASIVE ROLLER WEAR 
Pattem on races and rollers caused by fine 
abrasl~es. 
Clean all parts and housings, check seals and 
bearings and replace if leaking, rough or 
noisy. 

GALLING 
Metal smears on roller ends due to overheat, 
lubricant failure or overload. 
Replace bearing, check seals and check for 
proper lubrication. 

ABRASIVE STEP WEAR · 
Pattem on roller ends caused by fine abra
sives. 
Clean all parts and housings, check seals and 
bearings and replace if leaking, rough or 
noisy. 

lfl/lHIMI 

.. 
ETCHING 

Bearing surfaces appear gray or grayish black 
in color with related etching away of material 

usually at roller spacing. 
Replace bearings, check seals and check for 
proper lubrication. 

Figure 3 - Diagnosis of Tapered Wheel Bearings 
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BENT CAGE 
Cage damaged due to improper handling or 
tool usage. 
Replace bearing. 

CAGE WEAR 
Wear around outside diameter of cage and 
roller pockets cau1ed by abrasive material 
and Inefficient lubrication. 
Clean related parts and housings. 
Check seals and replace bearings. 
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BENT CAGE 
Cage damaged due to improper handling or 
tool usage. 
Replace bearing. 

f // II I\ \\ ~1 

INDENTATIONS 
Surface depressions on race and rollers 
caused by hard particles of foreign material. 
Crean all parts and housings. Check seals and 
replace bearings If rough or noisy. 

I. RI! 

Figure 4 - Diagnosis of Tapered Wheel Bearings 
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FRETTAGE 
Corrosion set up by small relative movement 
of parts with no lubrication. 
Replace bearing. Clean related parts. Check 
seals and check for proper lubrication. 

1_3 _-1 

STAIN DISCOLORATI.ON 
Discoloration can range from light brown to 
black caused by incorrect lubricant or mo1s• 
lure. 
Re-use bearings If stains can be removed by 
light polishing or ii no evidence of overheat
ing Is obser,edi 
Check seals and related parts for damage. 

SMEARS 
Smearing of metal due to slippage. Slippage 
can be caused by poor flla, lubrication, 
overheating. overfoads or handling damage. 
Replace bearings, clean related parts and 
check for proper fit and lubrication. 

flltltl~ 

HEAT DISCOLORATION 
tieat discoloration can range from faint yel• 
low to dark blue resulUng from overload or in• 
correct lubricant. 
Excessive heat can cause softening of races 
or rollers. To check for loss of temper on 
races or rollers a simple file test may be 
made. A file drawn over a tempered part will 
grab and cut metal, whereas; a file drawn over 
a hard part will glide raadlly with no metal 
cutting. 
Replace bearings if over heating damage is 
indicated. Check seals and other parts. 

Figure 6 - Diagnosis of Tapered Wheel Bearings 
.. 
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MISALIGNMENT 
Outer race misalignment due to foreign ob
ject. 
Clean related parts and replace bearing. Make 
sure races an, properly Hated . 

.. 
FATIGUE SPALUNG 

Flaking of surface metal resulting from •• 
tigue. 
Replace bearing, clean all related parts. 

BORG-WARNER REAR AXLE 411-8 

CRACKED INNER RACE 
Race cracked due to Improper flt, coeking, or 
poor bearing seats. 
Replace bearing and correct bearing seats. 

7/! 1/ :I 11 I\\ . 

BRINELLING 
Surface lnd1ntatlon1 In raceway cau1ed by 
rollera either under Impact loading or vibra
tion while the bearing 11 not rotating. 
Replace bearing If iough or noisy. 

" Figure 8 - Dlagno■I• of Tapered Wheal Bearings 
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axle bearings could be worn and need replacement. The 
four bola or nuts securing the brake backing plate may 
be loose, stripped or mismng. If the inner bearing 
retainer has worked loose, it must be replaced. 

Use care at all times to keep dirt and other foreign 
matter such as grinder dust, soot or sand away from the. 
rear axle to prevent the possibility of subsequent 
failure. 

Gear Tooth Nomenclature 
Figure 1 

The side of the ring gear tooth which curves 
outward. or is convex,- is referred to as the "driver!' 
side. The concave side is the "coast" side. The end of 
the t.ooth nearest the center of the ring gear is referred to 
as the "toe" end. The end of the tooth farthest away 
from the center is the "heel .. end. The toe end of the 
tooth is smaller than the heel end. It is important that 
tooth contact be ~ before the rear axle housing is 
taken apart. Variations in the housing or pinion rear 
bearing cup and cone assembly may cause the pinion to 
be too far away from, or close to, the ring gear (30). 
Thus, the tooth contact must be tested (and corrected, if 
necessary) or the gears may be noisy. 

Tooth Contact Pattern Test 
Figures 7 and 8 

1. Drain oil out of the carrier and carefuly clean 
each tooth of the ring gear (30). 

2. Apply parking brake until a torque of 54 to 70 
N ·m (40 to 50 lb. ft.) is required to turn the 
pinion. 

3. Use gear marking compaund 1052351 or 
equivalent and apPlY this mmure sparingly to all 
ring gear teeth. usmg a medium stift'brush. When 
properly used, the area of pinion tooth contact 
will be viSJ.'ble when a hand load is applied. 

NOTICE: See •Notice• on page 4Bl-1 of this 
section. 

Ill Tighten 
• Bearing cap bolts to 52 N ·m (40 lb. ft.). 

4. A test made without loading the gears will not 
give a satisfactory pattern. Turn the pinion yoke 
with a wrench so that the ring gear (30) rotates 
five full revolutions. 'Reverse rotation so that the 
ring gear (30) rotates five revolutions in the 
opposite direction. 

S. Observe the pattern on the ring gear teeth and 
compare it with the chart. 

Effects of Increasing Load on Tooth Contact 
Pattern 

When the load on the ring and pinion gear set is 
increased, such as when the vehicle is accelerated 
forward from standstill or from normal drive, the tooth 
contact will tend to spread out. Under very heavy load. 
it will extend from near the toe to near the heel on the 
drive side. The entire contact also tends to shift toward 
the heel under increasingly heavier loads and will 

0 TOE 

I!] HEEL 

@] CONVEX SIDE (DRIVEi 

[£] CONCAVE SIDE ICOASTJ 

0 CORRECTPATTERN 

~ RINGGEAR 

Figure 7 - Desired Tooth Contact Under Ught Load and 
Gear Tooth Nomenclature 

become somewhat broader with respect to tops and 
bottoms of teeth. The patterns obtained by this tooth 
contact pattern test approximate a light load and, for 
this reason, they will extend only about halfway. 

It is important that the contact pattern is 
centrally located up and down on the face of the ring 
gear teeth. 

Adjustments Affecting Tooth Contact 
F',guru 1 and B 

Two adjustmena can be made which will affect 
tooth contact pattern: backlash and position of drive 
pinion in the housing. The effects of bearing preload is 
not readily apparent on hand-loaded tooth contact 
pattern tests. These adjustments should be within 
specifications before proceeding with backlash and 
drive pinion adjustments. 

Backlash is adjusted by means of the side bearing 
adjusting shims (24). The shims move the entire case 
and ring gear assembly closer to, or farther from, the 
drive pinion. The adjusting shims (24) are also used to 
set side bearing preload. 

The _position of the drive pinion (23) is adjusted 
by increasmg or decreasing the shim thickness between 
the rear bearing cup (20) and the axle housing (31). The 
shim (22) is used in the rear axle to compensate for 
manufacturing tolerances. Increasing shim thickness 
moves the pinion closer to the centerline of the ring 
gear (30). Decreasing shim thickness moves the pinion 
farther away from the centerline of the ring gear (30). 

Effects of Pinion Position on Tooth Pattern 
Figura 1 and B 

When the drive pinion (23) is too far away from 
the centerline of the nng gear (30), the pattern will be 
a high heel contact on the drive side and high toe 
contact on the coast side. Moving the pinion (23) closer 
to the centerline of the ring gear (30) by decreasing 



blckJash will cause the high heel contact on the drive 
side to lower and mow: toward the ~ -the high toe 
contact on the cout side will lower and move toward 
the heel. 

When the pinion (23) is too close to the centerline 
of the ring gear (30), the pattern will be a low toe 
contact OD the drive side and a low heel contact on the 
coast side. Moving the drive pinion (23) farther away 
from the ring gear (30) by mcreasing backlash will 
cause low toe contact OD the drive side to raise and 
move toward the heel; the low heel contact OD the COISt 
side will raise and move toward the toe. 

ON-VEHICLE SERVICE 
CARRIER COVER AND GASKET 
F",gure 1 

Tool Required: 
J 35117 Filler Plug Removal Tool 

EJ Remove or Disconnect 

1. Axle drain plug (15) with J 35117. 
2. Cover bolts (16). 
3. Cover (18) by prying loose to dnin lubricant. 

Im Clean 
• Both cover gasket sealing surfaces. a Install or Connect 

Use cover gasket (19). (Do not assemble with 
sealant alone.) 

NOTICE: Apply sealant part number 1052080 or 
equivalent to cover bolts before installing cover. If 
sealant is not applied. bolts may loosen and cause 
fluid leaks and damage to the rear axle assembly. 

1. Cover (18). 

NOTICE: Sec •Notice• on page 4Bl-1 of this 
section. 

2. · Cover bolts (16). 

B?J Tighten 

• Bolts in a crosswise pattern to 26 N • m (20 
lb. ft.). 

• Fill with lubricant to bottom of filler plug hole. 
Refer to MAINTENANCE AND LUBRICATION 
(SEC. OB). 

3. Axle drain plug-(15) with I 3Sti7. 

AXLE SHAFT 
F/gUl'N 1, 9 and 10 

Tools Required: 
J 8853-01 Axle Bearing and Retainer 
Installer 
I 2619-01 Slide Hammer Assembly 
J 21579 Axle Shaft Remover 
J 22912-01 Rear Pinion Bearing Cone 
Remover 
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EJ Remove or Disconnect 

1. Wheel and brake componc:nts as nc:cessary. 
2. Four nuts holding the brake anchor plate and 

outer bearing retainer (1). 
3. Axle shaft (6) and wheel bearing cone (3) and cup 

(4) using J 21579 and J 2619-01. 
4. Inner bearing retainer (5) and bearing from axle 

shaft. Carefully split the retainer (5) with a chisel 
and remove it from shaft. Press bearing from the 
axle with 122912-01. Discard bearing cone ·(3), 
cup (4) and seal (2). 

• Eurnine the axle shaft (6). If axle shaft (6) is in 
satisfactmy condition, it may be used again. rn Important 

Bearings and inner bearing retainer-s which have 
been removed from an axle shaft should not be used 
again. a Install or Connect 

1. Outer bearing retainer (1) on the axle shaft (6). rn Important 

Right hand and left hand axle seals arc different. 
The right hand seal is black. banded with right hand 
ridges. The left hand seal is gold, banded with left hand 
ridges. The part numbers designa~ left and right sides. 

2. Oil seal OD the axle shaft making sure that the 
spring side of the oil seal faces the center of the 
axle. Lubricate lips of seals with a light coat of 
grease. 

• Use of excessive grease may damage the seal. 
• Press wheel bearing and inner bearing retainer (5) 

hard against bearing shoulder on axle shaft (6) 
with J 8853-01, ensuring that the retainer is tight 
apinst the bearing and with OD chamfer toward 
bearing. 

3. Axle shaft (6) through the brake anchor plate. 
Align axle shaft and side gear splines. 

4. Wheel bearing and oil seal by pushing into the 
housing. A light coat of grease on the seal outside 
diameter will assist in installation. 

NOTICE: Sec •Notice• on page 4Bl-1 of this 
section. 

5. Four backing plate bolt& 

~ Tighten 
• Bolts altecnately to 48 N ·m (36 lb. ft.). 

• Use new loc.knuts on bolts. 
Make sure that both axle shaft splines are fully 

engaged before the axle shafts are rotated. This is to 
maintain spline alignment. 

PINION OIL SEAL AND PINION YOKE 
REPLACEMENT 
Figul'N 1 and 11 through 13 

Tools Required: 
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DRIVE SIDE COAST SIDE 
A central face lengthwi11 position 11 shown here repraentlng 

·1t,e limit of acceptability of the Cl)ntactl •position towards 
1he heel. 

F"'4 _ The contact lhould fad■ out at leat 6mm before the heel 
m,d face • 

HEEL END 

TOE END 

ACCEPTABLE HEEL 
CONTACTS 

.,.., 

DRIVE SIDE COAST SIDE 

F.41CE 
lt/07,., 

,..i.._,o~ ,~..., -- .. 

HEEL END 

DRIVE SIDE 

HEE"LEND 

TOE END 

IDEAL 
CONTACTS 

'fOEEND 

ACCEPTABLE 
TOE CONTACTS 

-. -

HEEL END 

COAST SIDE 

HEEL END 

A central profile position ii shown and it ICCePtable allhough 
a low contact is preferred. 

The center of the contact 11 located It &/8 of the face width 
from the to■ and it does not approach the heel end by lea 
1han 5mm. 

A high contact pattern as shown is p-■ferred for coast side 
contacts which tend to be towardl the heel. 

A central profile posl,tlon 11 acceptable providing pinion face 
angle edge lines do not appear low on the gear, 

The contact begins almost at the toe end face and extends ,in 
length by approx, half the face width. 

A slightly lower contact pattern as shown is preferable although 
a centrally located profile postion will suffice. 

The contact begins almost at the toe end face and may appe1r 
pointed as shown although a 1quare end 11 equally accepUble. 

The total length of contact 11 approx. 1/2 of the face width. 

A high profile, position is desirable although a central profile 
Is acceptable. 

A central toe lengthwise position and a slightly lower contact 
pattern in the profile position. Total length about 51'8 of gear 
facewidth. 

Note the clearance of about 1 mm between the contact and the 
toe and along the tQp face. angle line. 

A centrally located lengthwise position and a slightly higher 
contact pattern in the profile p0sition. Total length about 
6/8 of the gear face width. 

Note the clearance between the contact and the face angle line 
ofthegur. 

Figure 8 - Gear Tooth Contact Pattern and Adjustments Affecting Tooth Contact 
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It 

Rgure 9 - Axle Shaft Removal 

0 SEAL 

0 BEARING CONE 

0 BEARING CUP 
It 

Rgunt 10 - Bearing ana Seal Removal 

1 8614-01 Companion Flange Remover and 
Installer 
1 35119 Pinion Seal Installer 
J 35117 Filler Plug Removal Tool 

E3 Ramove or Disconnect 

1. Mark the propeller shaft and pinion yoke (7) so 
they can be assembled in the same position. 
Remove four nuts and lock washers from two 
saddles retaming the U-joints to the pinion yoke 
(7) and remove the propeller shaft. 

2. Measure and record pn:load at pinion - this 
preload measurement includes the effects of drag 
from the pinion bearing, differential bearings, 
grease and the oil seal (8) (Figure 11). 

3. Pinion nut (12) with J 8614-01. • 
4. Pinion yoke (7) with J 8614-01. (F"igure 12). 
5. Seal (8) and discard. 
• Before installing a new seal (8) examine the 

surface of the pinion yoke (7) on which the seal 
(8) runs. Should this surface be damaged or the 
splines excessively worn, a new pinion yoke (7) 
should be installed. Also examine the housing 
bore and remove any nicks or burrs that might 
cause leaks around the OD of the seal (8). 

E3 Install or Connect 

• Lubricate oil seal lips with a light cover of grease. 
1. New seal (8) in carrier, flush to 0.25 mm (0. 

010-inch) below surface with J 35119 (Figure 13). 
2. Pinion yoke (7) and tighten pinion nut (12) to 

achieve the bearing preload as measured earlier 
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Figure 11 - Checking Pinion Preload 

• 
Agure 12- Pinion Yoke Removal 

Figure 13 - Pinion Seal Installation. 

plus 0.5 N ·m (5 lb. in.) to allow for the new seal 
(8), with J 8614-01. 

NOTICE: If pinion nut is overtightened by more 
than 0.5 N ·m (5 lb. in) the unit should be rebuilt 
with a new collapsible spacer (11). 

3. Align propeller shaft on locating marks and 
conm:ct propeller shaft _with two U-saddles and 
four bolts and lockwashcrs to pinion yoke (1). 
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4. F'ill with lubricant to bottom of axle drain plug 
hole. Refer to •specifications• in this section for 
correct lubricant usage and quantity. 

5. Axle drain plug (15) using J 35117. 

REAR AXLE ASSEMBLY 
It is not necessary to remove the rear axle 

assembly for any normal repairs. However, if the 
housing is damaged, the rear axle as.,embly may be 
removed and installed by using the following 
procedure. 

E3 Remove or Di1COnnect 

• Raise and suitably support vehicle at frame. Hoist 
must remain under rear axle housing. Refer to 
GENERAL INFORMATION (SEC. OA). 

1. Rear wheels and lug nuts. 
• Loosen parking brake cable adjuster nut. 
2. Two ·parking brake. cables from adjuster and body 

clips. 
3. Shock absorbers from axle. 
4. Track bar from rear axle and body. 
S. Stabilizer bar links from axle and bushings. 
• Mark propeller shaft and pinion yoke. 
6. Propeller shaft. 
7. Brake line junction block \><)It at axle housing. 
8. Brake lines at wheel cylinders. Refer to 

GENERAL BRAKES (SEC. 5). 
9. Brake lines from clips. 
• Lower rear axle. 

10. Springs. 
11. Torque arm. from rear axle. 
12. Lower control arms from rear axle. 
13. Brake calipers and lines. 
14. Rotors. 
15. Rear axle assembly from vehicle. 
16. Stablizer bar from axle. 

E3 lnstaU or Connect 

t. Stabilizer bar to axle. 
2. Rear axle assembly to vehicle. 
3. Rotors. 
4. Brake calipers and lines. Refer to REAR 

SUSPENSION (SEC. 3D). 
5. Lower control arms to rear axle. 
6. Torque arm. to rear axle. 
7. Springs. 
8. Brake lines to clips. 
9. Brake line junction block bolt at axle housing, 

then connect brake lines at wheel cylinders or 
calipers. Bleed hydraulic brake system. Refer to 
GENERAL BRAKES (SEC. 5). 

10. Propeller shaft to pinion yoke, aligning marks 
made at time of removal. Refer to PROPELLER 
SHAFI' (SEC. 4A). 

11. Stabilizer bushing and links to axle. 
12. Track bar to body.and rear axle. 
13. Shock absorbers to axle. 

- . 

14. Parking brake cables to body clips and cable 
adjuster, then tighten parking brake cable 
adjuster nut. 

15. Wheels and tighten lug nuts. 
• - Axle lubricant to a level flush with the bottom of 

the filler plug hole. Refer to MAINTENANCE 
AND LUBRICATION (SEC. OB). 

16. Frame supports. 
• Lower vehicle. 

REAR WHEEL BOLT 
Refer to TIRFS AND WHEELS (SEC. 3E). 

UNIT REPAIR 
Rgur, 1 

Before attempting any service ·procedures, the 
teclinician must know what type rear axle is to be 
serviced. Refer to "Specifications• in this section to 
identify codes, ring gear size, and ratios. Remember 
that all ring gear bolts have left hand threads. 

Most rear axle sen-ice repairs can be made by 
supporting the vehicle by the frame with the axle 
housing supported and lowered to its lowest travel. On 
some models it may be necessary to disconnect shock 
absorbers to obtain additional clearance. When doing 
this, do not allow the rear brake hose to become kinked 
or stretched. 

Lubricant may be drained by backing out all 
cover bolts (16) and breaking the cover (18) loose at the 
bottom. 

If the rear axle housing (31) is removed for any 
reason, rear axle service can be performed on the 
bench. 

When a new ring gear (30) and hypoid pinion (23) 
are installed, the owner should be advised not to 
accelerate rapidly or exceed 80 km/h (50 mph) for the 
first 80 kilometers (50 miles) of driving. 

It is necessary to perform a service diagnosis 
before taking apart the rear axle. Check all fasteners 
with torque wrench for correct torque. Check level and 
condition of fluid. If fluid is contaminated, the rear axle 
must be taken apart for a complete inspection and 
cleaning. The bearing preloads should be checked with 
a torque wrench. A dial indicator reading should be 
ma4e for runout of ring gear and hackJub between ring 
and pinion gear. 

DRAIN REAR AXLE ASSEMBLY 
F',gure 1 

1. Loosen cover (18) and pry cover (18) away from 
axle housing (31). . 

2. Let axle fluids drain from axle housing (31). 
3. Remove cover bolts (16) and cover (18) from axle 

housing (31). 
4. Scrape off gasket (19) scaler from cover (18) and 

axle housing (31). 

DIFFERENTIAL ASSEMBLY 
F",gum 1 and 14 

Tool Required: 



J 8614-01 Companion Flange Remover and 
Installer 

E3 Remove or Dlacannact _ 
1. Bearing caps (13) and bolts (14). Identify bearing 

caps (13) with· paint. The bearing caps (13) arc 
not interchangeable. 

2. Differential case from axle housing (31) by 
putting a box wrench on a ring gear bolt (29). The 
box wrench contacts the back of the axle housing 
(31), when the pinion yoke (7) is rotated with 
J 8614-01. When the differential case (27) rotates 
out of the axle housing (31) from pinion rotation, 
the shims (24) will also come out. The shim ind 
bearing cap location, left or right, must be 
identified for assembly. 

3. Differential case (27) from axle housing (31). 

&20036-481 

Figure 14 - Differential Assembly Removal. 

LIMITED SLIP DIFFERENTIAL 
Figum 1, 16 and 16 

Tools Required: 
J 21784 Side Bearing Installer 
J 22888 Side Bearing Remover 

~ Disauamble 
1. Ring gear bolts (left hand threads). 
2. Ring gear (30) from the differential case (27) by 

tapping with a soft face hammer. 

NOTICE: Mark differential case halves with 
alignment mark before taking apart since they 
could be assembled · 180 degrees from original 
position. 

3. Eight screws ( 40) holding differential case halves 
together and separate halves. 

4. · Pinion shaft (3 8), four differential pinions (37), 
thrust washers (39), side gear shims (35) (if 
required), spring plates (33) and compression 
springs (36) from housing. Discard compression 
springs (36). New springs are required for 
assembly. 

S. Mark each cone (32) while taking the differential 
(27) apart to make sure that the same brake cone 
(32) will be assembled with the same case half as 
originally assembled. If shims (35) arc used, they 
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must be marked so they will be assembled in the 
original case half. 

6. If differential bearings are damaged. remove the 
bearings with J 22888 (Figure 16). 

IL!) inspect 

• All components should be cleaned and inspected 
for excessive wear. . 

• Cleaning of bearings should be performed with 
new solvent and should be followed up by coating 
the bearing with light engine oil to prevent 
rusting. 

1. Hypoid ring and pinion gear set 

• Examine for scuffed or chipped teeth. A 
gear set cannot be made to run quietly if 
teeth are scuffed. 

• Ring gear bore and back face should be 
clean and free from burrs. The rear bearing 
preload abutment faces on the hypoid 
pinion (23) should be clean and frc:c from 
burrs. 

• Examine the thread and bearing journal of 
the hypoid pinion (23). 

2. Bearings. 
• Cups should have an even wear pattern and 

be free from flaking or pitting. Be sure the 
abutment faces are clean and free from 
burrs and raised metal. 

• The cone assemblies should feel smooth 
when turned in the cups. 

• The assembly should be free from loose 
particles. No cracks should be present in the 
roller cages and the bores should contain no 
tears. 

3. Differential pinion gears (37) and side gears (34). 
• Examine the teeth for cracks, hard contact 

marks and excessive wear. The side gear 
splines should be checked for excessive 
wear. 

• Check the side gear journals and back-thrust 
for scoring. · 

• The differential pinion bores ·and spherical 
thrust surfaces should be smooth and free 
from scores. 

4. Thrust washers (39), should be free from cracks, 
nicks or burrs. 

S. Differential pinion cross shafts (38) for bending 
and the pinion gear connecting surfaces for 
scoring. 

6. Differential case (27). 
• Check the casting for general soundness. 
• If the bearings are removed. journals must 

be free from tears as damaged journals 
result in premature bearing failures. The 
bearing abutment faces on the housing must 
be free from dirt and burrs. The ring gear 
pilot and mounting face should be clean and 
free from tears and burrs. 

• The connecting surfaces of the two housing 
halves should be clean and free from burrs. 
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e!] DtFF.CASE 

fill BRAKE CONE 

e!) SPRINGPLATE 

~ SIDEGEAR 

~ SHIM !SIDE GEARJ 
UF REQUIAEDI 

e!) COMPRESSION SPRING 

e!] PINION 

e!} PINION SHAFT 

e!] THAUSTWASHER 

~ SCREWS 
,.,._11p 

Figure 16 - Umited Slip Differential 

J22888 

Figure 18 - Differential Ce•• Bearing Removal 

• The thrust surfaces for the side gears (34) 
and pinion gears (37) should be examined 
for excessive wear. 

• The side gear journal bores should be clean 
and free from scores. 

• The Cl'088 shaft bores should not be oval. 
7. Differential carrier of the axle housing (31). 

• Check the ca,.tinp for general soundness. 
All bearing bores and abutment faces mmt 
be clean and free from burrs. 

• Examine oil passages and make sure they 
are free from burrs. 

• Bore for pinion seal (8) should be free from 
tears. 

• Rear cover face and bolt holes should be 
checked for damage. 

8. Shims. They should be clean and free from bum, 
c.rac.ks or nicks. 

9. Rear cover (18) for tears and any damage which 
may prevent effective sealing. 

10. Bolts. Discard damaged bolts. 
• Assemble brake cones (32) in differential case 

(27) and measure to determine correct shim size. 
Measure the distance from case connecting 
surface to flat surface on cone (32) when fully 
seated. Select shim size as follows: 
• If measurement is 29.51 to 29.34 mm (1.162 

to 1.155 inches), no shim required. 
• If measurement is 29.64 to 29.54 mm (1.167 

to 1.163 inches), 0.13 (0.005) shim required. 
• If measurement is 29.77 to 29.67 mm (1.172 

to l. 168 inches), 0.25 (0.010)shim required. 



II) Aaamble 
1. Lubricate both sides of pinion thrust washer (39), 

pinion bores and differential pinion shaft (38) 
with ~ed. rear axle lubricant before 
assembling. 

2. Four pinion gears (37) and spherical thrust 
washers (39). 

3. Original brake cone (32), shim (35) if required, 
and side gear (34) in cap half of differential case. 
For shim selection, if needed, refer to "Limited 
Slip Differential•' in this section. Apply mixture of 
molybdenum disulphide and specified axle oil to 
face of side gear. 

• Do not replace cone (32) or differential case (27) 
independently. They must be replaced as a unit. 

4. Spring plate (33) on side gear (34) with convex 
side towards flange half. 

S. Differential pinion shaft (38), pinion gears (37) 
and spherical thrust washers (39) into cap half 
of differential case (27) with pinion gears (37) 
meshing with side gear (34). 

6. Three new concentric thrust springs through the 
center of the pinion shaft spider. 

7. Second spring plate and springs with convex side 
toward springs. 

• Coat other side gear face with molybdenum 
disulphide and axle lubricant. Install side gear 
shim if required. Install brake cone (32) on spring 
plate (33). 

8. Side gear shim (35), if required. 
9. Brake cone (32) on spring plate (33). 

10. Flange half of differential case (27) on top of 
assembly with oil channels aligned. 

11. Two screws (40) through case halves, 180 degrees 
apart and tighten finger tight. 

• Axle shafts are used to align the side gear and 
cone splines. Put a clamp on one axle shaft so 75 
mm (3 inches) extends beyond clamp. 

12. Differential case (27) onto axle shaft splines, 
flanged half first. 

13. Other axle shaft ~ugh cap side of differential 
case (27) and align side gear and cone splines. 

14. R~maining screws (40). 

NOTICE: See •Notice* on page 4Bl-l of this 
section. 

l~I Tighten 
• Case half screws (40) to 38 N ·m(29 lb.ft.). 

IS. Ring gear (30). 

NOTICE: See •Notice• on page 4B1-1 of this 
section. 

16. Ring gear bolts (29). 

~ Tighten 
• Bolts to 137 N·m (101 lb. ft.), left hand 

threads. 
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17. Differential bearings by pressing on with J 21784 
(Figure 17). 

l8. · Assembled case (27) into carrier of axle housing 
(31). 

19. Axle bearings and axles. Refer to• Axle Shaft• in 
this section. 

NOTICE: After installing limited slip differential 
in the carrier housing~ be sure that both axle shafts 
are assembled. before rotating either axle shaft. If 
rotation of either axle shaft occurs before other is 
in _po.,ition, misalignment of the side gear and cone 
splines will occur, preventing assembly of 
remaining axle shaft. 

J-21784 

Figure 17 - Differential Bearing Installation 

CAUTION: Do not run engine with 
transmission engaged and only one 
rear wheel of vehicle elevated with 
limited •Up differential. The other rear 
wheel will drive if In contact with the 
ground. Thia action can result in 
damage to the equipment or injury to 
the operator. 

DIFFERENTIAL BEARING PRELOAD SPACER 
SELECTION 

Rgure 18 

Tools Required: 

J 8001 Dial Indicator Assembly 

J 25588 Side Bearing Shim Installer 
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NOTICE: To adjust differential -side bearing 
preload, change the thickness of the right and left 
shims equally, thus leaving the original backlash 
undisturbed. 

1. Before installation of case assembly, make sure 
side bearin' sutfaces are clean and free of bum. 
Lubricate side bearings with gear lube. If reusing 
original bearings, the original outer races must 
also-be used. . 

2. Plece diffcrc:ntial case, with beatjng outer races in 
position. in carrier. 

NOTICE: As a precaution, install the left bearing 
cap loosely so that the case may be moved while 
checking adjustments. A bolt can be added as an 
extra precaution in the lower right bearing cap 
hole. This will prevent the case from dropping 
while making shim adjustments. 

• A slip tit means zero preload. or the point at 
which bearings have no play and no drag. At this 
point, in and out movement of the case is posstble, 
but side to side movement is not. 

3. Achieve a slip fit between the carrier and the side 
bearings as follows: 
a. Measure production spacers, and subtract 

0.10 mm (0.004 inch) from each reading. 
Do not mix the left ai\d right spacers. 

b. Use a service spacer for each side equal to 
the thickness of the original shim minus 
0.10 mm (0.004 inch) and install with ~e 
flat edge of spacer against housing. This will 
duplicate the original setting minus preload. 

c. If this does not provide the proper slip fit, 
shims must be added or removed equally 
from both sides as necessary. 

d. Check case for zero end play and lateral 
motion with J 8001. 

NOTICE: If insertion of shims causes excessive 
pinion to ring gear contact (noticeable difficulty in 
rotation of the case), select thinner left shim and 
add diffcrc:nce to the right side. Keep total shim 
thickness at a value equal to that obtained in step 
b. . 

• Ori~ light drag is caused by weight of the case 
agamst the carrier while additional drag is caused 
by side bearing preload. 

• For convenience in setting backlash and tooth 
contact, the preload will not be added until the 
final step. 

4. Check backlash and tooth pattern. The bearing 
caps must be installed and the bolts torqued to 
specified torque. 

5. When backlash and tooth pattern operations are 
complete, remove shim packs taking care not to 
mix them. Select new shims for each side 0.10 mm 
(0.004 inch) thicker than those removed and 
install each shim on its proper side. This 
additional thickness will provide proper bearing 
preload. It will be necessary to tap the final shim 
Into place with a soft hammer and J 25588. 

6. Check total rotational torque. Total tn:r-1~ wjth• 
differential case preloaded and ~~~ 
should be 0.45 to O.~ (4 to 6 lb. m.) over pinion 
bearing preload specification. If total rotational 
torque does not meet this specification, reset the 
diff'erential bearing preload spacers as developed 
in steps 3 thrQugh S. 

Figure 18 - Installing Service Shims 

HYPOID PINION AND PINION BEARINGS 
Figur, 1 

Tools Required: 
J 8614-01 Companion Flange Remover and 
Installer 
J 33868_ Rear Pinion Bearing Remover 

E3 Remove or DilCOnnect 
1. Pinion yoke nut. 
2. Pinion yoke, using J 8614-01. 
3. Hypoid pinion (23) through rear of carrier with 

soft face hammer. 
4. Pinion oil seal (8) out of carrier by prying, and 

remove front bearing cone (10). Discard seal. 
S. Rear pinion ~ with J 33868 and press. 

Clamp tool aro~inion shaft holding bearing 
· and press pinion · off the rear pinion bearing. 

6. Rear bearing cone (21) out of carrier with soft 
brass drift. 

7. Pinion position shim (22). 
• Measure pinion depth. 

PINION DEPTH MEASUREMENT 
Hypold Pinion and Bearing Shim Selection . 
FlgurN 11 and 20 

~ Auernble 
Tools Required: 

J 7817 Front Bearing Cup Installer 
J 8001 Dial Indicator Set 
J 23597-1 Pinion Setting Gage-Arbor 



J 21777-42 Pinion Setting Gage-Front Pilot 
Washer . 
J 27777-43 Pinion Setting Gage-Stud 
Asaembly Bolt 
J 21m-45 Pinion Setting GapSidc 
Bearing Discs 
J 35118-A Pinion Setting Gage Set 

1. Drive front pinion bearing cup in the carrier with 
J 7817. 

2. Fit J 21777-42 into carrier. 
3. Slide the rear pinion bearing and cap onto J 

ltm-43. 
4. Install J ltm-43, and rear bearing and cap 

assembly iD1o axle housing. 
5. Assemble front bearing cone and J 35118-5 onto 

J 21777-43. 
6. Rotate nut and shaft and increase torque on the 

nut until a rotational torque of 1.7 to 2.8 N·m 
(15-22lb. in.) is obtained. Rotate] 21777-43 back 
and forth during tightening to make sure the 
bearing is seated. 

7. Install J 21777-45 OD J llm-43 and J 23597-1 
assembly. Position in the carrier with J 8001 
directly over the gaging area of J 35118-2. The 
discs must be fully · seated in the side bearing 
bores. 

8. Install bearing caps over gage shaft discs and 
torque to specifications. 

9. Position gage shaft with J 8001 rod contacting the 
gaging area of J 35118-2. Rock gage shaft slowly 
back and forth until J 8001. reads the greatest 
deflection (the point where the needle changes 
direction). At that point, set J 8001 to zero. 
Repeat rock action to verify the zero setting. 

10. After the zero setting is obtained, rotate J 23597-1 
until the plunger is removed from J 35118-2. J 
8001 will read the pinion depth directly. 

11. Select the correct pinion shim to be used during 
pinion reassembly on the following basis. Shims 
are available in increments of 0.05 mm (0.002 
inch). 
• If reusing production pinion, and ,f;!!on is 

marked • + • (plus), the correct · will 
have a thickness equal to the gage reading 
minus the amount specified on the pinion. 
• If pinion marking is • + 1 •, subtract 0. 

025 mm (0.001 inch) from gage 
reading for proper shim thicknes.1. 

• If pinion marking is • +r•, subtract 
O.OS mm (0.002 inch) from gage 
reading for proper shim thickness. 

• If pinion marking is • + 3 +, subtract 
0.076 mm (0.003 inch) from gage 
reading for proper shim thickneM. 

• If pinion marking is • +4•. subtract 
0.10 mm (0.004 inch) from gage 
reading for proper shim thicknes.1. 

• If production pinion is marked•-• (minus) 
the correct shim will have a thickness equal 
to the gage reading, plus the amount 
specified on the pinion. 

BORG-WARNER REAR.AXLE ·4Bf.t9 

• If pinion marking is • -1 •, add 0.025 
mm (0.001 inch) to gage reading for 
proper shim thicknes.1. 

• If pinion marking is • -2 •, add 0.0S 
mm (0.002 inch) to gage reading for 
proper shim. thickneu. . 

• If pinion marking is • -3 •. add 0.076 
mm (0.003 inch) to gage reading for 
proper shim thickncu. 

• If pinion marking·is •-4•, add 0.10 
mm (0.004 inch) to gage reading for 
proper shim thickness. 

• If using a production or service pinion with 
no marking or marked •o•. the gage reading 
equals the proper shim thickness. · 

J 23597-1 

7 REAR PINION BEARiNG 

~ FRONT PINION BEARING 

Agure 19 - Pinion Gage Plate Installed In Carrier. 

PINION AND BEARING INSTALLATION 
F,guru 1 and 21 through 23 

Tools Required: 
J 5590 Rear Pinion Bearing Cone Installer 
J 6133-01 Pitman Shaft Seal Installer 
J 7817 Front Bearing Cup Installer 
J 8092 Driver Handle 

E3 Install or Connect 
1. Pinion shim (22) into the carrier. 
2. Rear pinion bearing cup (20) into carrier by 

pressing with J 5590 (Figure 21). · . 
3. Rear pinion bearing cone (21) onto pinion by 

pressing with J 6133-01 (Figure 22). 
4. Pinion in carrier. 
5. Collapsible spacer (11) and front bearing cone 

(10) and cup (9) onto pinion, using J 7817 and J 
8092. Support pinion under head (Figure 23). 

6. Oiled oil seal (8), pinion yoke (7) and new p~on 
nut (12) OD pinion. Tighten while rotating pm1on 
forward to seat bearing. 
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0 OFF GAGE BLOCK_ 

[!] ON GAGE BLOCK 

' 
I( 

Figure 20 • Checking Pinion Depth 

• Preload of the total assembly is measured at 
the pinion yoke nut. With new bearings, 
preload is 1.0 to 3.0 N·m (10 to 25 lb. in.) 
rotating torque with a new seal. With used 
bearings, preload is O.S to 1.0 N·m (6 to 12 
lb. in.) rotating torque with a new seal. 

• If preload is excessive, the collapsible spacer 
(11) must be replaced and the above 
procedure followed again. 

7. Carrier cover and gasket. Refer to • Carrier Cover 
and Gasket• in this section. 

HIOOO I 

Figure 21 - Rear Pinion Bearing Cup lnatallatlon 
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J-6133-01 

Figure 23 - Front Pinion Bearing Cup lnstalladon 

Figure 22 - Pressing RHr Pinion Bearing 

SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

Ring Gear Bolts ............................................................................................. 137 N·m (101 lb. ft.) 
Bearing Cap Bolts ............................................................................................. 52 N·m (40 lb. ft.) 
Rear Cover Bolts ................................................................................................ 26 N • m (20 lb. ft.) 
Breather ... : ......................................................................................................... 14 N·m (10 lb. ft.) 
Brake Backing Plate Bolts ................................................................................ 48 N·m (36 lb. ft.) 
Mounting~ ............................................................................................... 40 N•m (30 lb. ft.) 
Screw, Brake Line Bracket to Frame ................................................................. 11 N ·m (8 lb. ft.) 
Case Flalf Screw Torque ................................................................................... 38 N ·m (29 lb. ft.) 
Axle Sh.aft RC'tain.er- Nuu .•......................•........•.......•.......•••......•...••..•.....•.•...••... 46 ·N·m (3S lb. ft.) 

LIMITS FOR FITTING AND ADJUSTING 

Bearing Loads 
Side Bearings ............................................................................... 1-3 N ·m (New) (10-25 l•. in.) 

0.5-1 N·m (Used) (6-12 lb. in.) 
Differential Bearings .............................................................. 1.1-2.8 N ·m (New) (10-25 lb. in.) 

0.5-1.4 N·m (Used) (S-12 lb. in.) 
Hypoid Pinion ............................................................................. 

0
~5~1 
~~ =)<};~~ :: ::~ 

EodPlay 
Axle Shaft (New Bearing) .................................... 0.04. mm - 0.048 mm (0.0016 - 0.0019 inch) 

(Used Bearing) .................................................................... 0.076 mm (0.003 inch) 
Run-Out Specifications 

Differential Case/Ring Gear Mating Surface ................................. 0.05 mm (0.002 inch) mu. 
Ring Gear Runout ..................................................................................... 0.13 mm (0.005 inch) 
Ring Gear Backlash .................................................. 0.10 mm - 0.19 mm (0.004 to 0.007 inch) 

Lubricant 
GM Part 1050010 .................................................................................... 1.7 I..iters (1.8 Quarts) 
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SECTION 5 

GENERAL BRAKES 
CAUTION: When Hrvicing brake parts. do not create dust by grinding, sanding brake 

llnlng■, or by cleaning brake parts with a dry brush or compressed air. Many brake parts contain 
asbestos fibers which can become airborne If dust la created during Hrvlcing. Breathing dust 
containing asbestos fibers may cause Hrious bodily harm. A water dampened cloth or water 
baaed solution should be used to remove any dust on brake part■• Equipment is commercially 
available to perform this washing function. These wet methods wlll prevent a■bestoa fibers 
from becoming airborne. 

NOTICE: The following •Notice• app~ to one or more steps in the usembly proced\l!C of CQJD~mts 
in this portion of b manual as indicared at appropriate locations by the terminology: 0 NorICB: See "Notice" on 
page S-1 of this section." 

NOTICE: When fasteners are nmoved. always reinstall them at the same location from which they were 
removed. Ha fastener needs to be replaced, use the correct part number fastener for that application. H the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used whm installing fasteners that require it. If the above conditions are not followed. parts or system damage 
could result. 
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GENERAL DESCRIPTION 
This section describes the brake system general 

items for the standard brake system. 

COMPOSITE MASTER CYLINDER 
'Ibis vehicle ·uses a oomposite master cylinder 

which has an aluminum body and a clear nylon 
reservoir with fluid level indicaton. This master 
cylinder has a quick take-up feature. 

QUICK TAKE-UP OPERATION 
The quick take-up feature provides a large 

volume of fluid at low pressure with initial brake 
application. The low pressure fluid provides the 
displacement l'CC\uirementa of the system created by the 
seal retracting pistons into the calipcn and retraction 
of rear drum brake shoes. 

BRAKE FLUID LEVEL INDICATOR 
F'l(JUl8 1 

The nylon master cylinder reservoir has two 
windows which allow the brake fluid level to be 
checked without removal of the reservoir cover. 

KC1001.....,.P 

Figure 1 - Master Cylinder Reservoir Windows 

OPERATION OF DISC BRAKE 
When the brakes are applied, fluid pressure 

behind the caliper piston increases. Pressure is exerted 
equally against the bottom of the piston and also 
against the bottom of the piston bore. The press~ 

Rotor Tolc:ranc:e and Surface 

Fmish ···················································-··· 5-21 Refinishing Brake Roton ............................ 5-21 
Inspecting and Re6uishi11g Brake 

Dnlms .....•.•.••......•.••••.••.......••.•••.••.••••..•.....•..• 5-21 
Cracked, Scored, or Grooved 

Drum ......................................................... 5-21 
Out-of-Round or Tapered Drum ................ 5-21 
Replacing B.rake Drums .•.•.....•.••.•.•••••••.•••••• S.21 
Refinishing Brake Dmms ........................... 5-22 
Brake Drum Balance ................................... 5-22 

Power Brake Vacuum Booster Hoses 
and Pipes ............................... -..................... 5-22 

Brake Pedal Mounting ..... - ............................. 5-22 
Specifications ....................................................... 5-24 
Special Tools ....................................................... 5-26 

applied to the piston is transmitted to the i.Qner shoe 
and lining. forcing the lining against the inner rotor 
surface. The pressure applied to the bottom of the 

· ton bore forces the caliD to slide on the mounting tits toward the center ~e vehicle. This movement 
causes the outer section of the caliper to api,ly pressure 
against the back of the outer shoe and lining assembly. 
forcing the lining against the outer rotor surface. · As 
line pressure builds. the shoe and lining assemblies are 
pressed against the rotor surfaces with increased force. 
bringing the vehicle to a stop. When the brake pedal is 
released, line pressure is released and the seal and seal 
groove cause the piston to be slightly retracted, 
resulting in less drag on the rotor by both shoe and 
lining memblies. 

Outward movement of the piston and inward 
movement of the caliper automatically compensate for 
lining wear. As the 1inin.gB wear. the incrcucd area 
behind the piston is filled with brake fluid from the 
master cylinder reservoir. 

Each heavy duty front caliper on this vehicle bas 
two pistons in an aluminum housing. The J>ri!iciples of 
operation are basically the same as angle piston 
calipers. 

OPERATION Of DRUM BRAKE 
The drum brake assembly_ is a duo-servo design. 

In the duo-servo brake, the force that the wheel 
cylinder applies to the primary shoe is multiplied by 
the primary lining friction to provide a very high force 
applied to the secondary shoe. Torque from the brake 
shoes is transferred to the anchor pin directly to the 
axle flange. Adjustment is automatic when the brakes 
are applied while the vehicle is moving in reverse. 

OPERATION OF COMBINATION VALVE 
The metering or hold off section of the 

combination valve limits pressure to the front disc 
brakes until a predetermined front input pressure is 
reached. approximating the pressure to overcome the 
rear shoe and lining retractor springs. There is no 
restriction at inlet pressures below 20 kPa (3 psi) to 
allow for the pressure to be equali:zed when the brakes 
are not applied. 

The proportioning section of the combination 
valve proportions outlet pressure to the rear brakes 



· after a predetermined rear input pressure has been 
n:acbed. 

The valve has a by-pass feature which insures full 
system pressure · to the rear brakes in the event of a 
front ~e. system failure. Similarly, full front pressure 
IS retained m the event of a rear brake pressure failure. 

BRAKE PRESSURE DIFFERENTIAL WARNING 
SWITCH 

The brake pressure differential warning switch 
constantly compares brake pressure in both parts of the 
system. The switch will activate the red "BRAKE• 
warning lamp on· the instrument panel in the event of 
a failure in either part. 1be combination valve is 
designed so the switch will stay in the warning position 
once a failure has occurred. The lamp can only be 
turned off by repairing the failure and appl~ a pedal 
~orce as required to develop up to 3100 kPa (4!50 psi) 
line pressure. 

DIAGNOSIS AND INSPECTION 
BRAKE SYSTEM TESTING 
F,gura 2 through 4 

Brakes should be tested on a dry, clean, 
reasonably smooth and level roadway. A true test of 
brake performance cannot bo made if the roadway is 
wet, greasy or covered with loose dirt so that all tires 
do not grip the road equally. Testing will also be 
affected if the roadway is crowned which would throw 
the weight of the vehicle toward the wheels on one side. 
If the roadway is too rough, the wheels will tend to 
bounce. 

Test brakes at different vehicle speeds with both 
light and heavy pedal pressure. Avoid locking the 
~rakes and ~g the tires. Loe~ brakes and sliding 
tires do not mdicate brake efficiency because heavily 
braked, but turning wheels will stop car in less distance 
than locked brakes. More tire-to-road friction is 
present with a heavily braked tu.min~ tire than with a 
sliding tire. • 

The brake system is designed and balanced to 
avoid l~g the wheels, except at very high 
deceleration levels. The shortest stopping distance and 
best control is achieved without brake lock-up. 

Because of high deceleration capability, a firmer 
pedal may be felt at higher deceleration levels. 

External Conditions That Affect Brake 
Performance 
Tire, 

· TU'eS having unequal contact and grip on road 
will cause unequal braking. Tues must be equally 
inflated, and the tread pattern of right and left tires 
must be approximately equal. 

Car Loading 

A heavily loaded vehicle requires more braking 
effort. When a vehicle has unequal loading, the most 
heavily loaded wheels require more braking power 
than others. 
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WhNI Allgnment 

~Jignrnc:nt of the wheels, particularlf 
e1CCSS1Ve camber and cuter, will cause the brakes to 
pull to one side. 

Front Wheel Bearing• 
A loose front wheel bearing permits the front 

wheel to tilt and lose contact with the brake shoe 
linings causing erratic brake operation. 

WARNING LAMP OPERATION 
The brake system uses a single n:d •BRAKE• 

warning lamp located in the insuument panel cluster. 
When the ignition switch is in the •START• position. 
the •BRAKE• warning lamp should come on. It 
should go off when the ignition switch returns to the 
•RUN• position. 

The following conditions will activate the 
•BRAKE• warning lamp: 

• Parking brake applied. The lamp should be 
on when the parking brake is applied and 
the ignition switch is •oN•. 

• Pres.mre differential switch detects a failure. 
Sec •Brake Pressure Differential Warning 
Switch" in this section. 

• During engine cranking the •BRAKE• 
lamp should n::main on. This notifies the 
driver that the warning circuit is operating 
properly. 

BRAKE FLUID LEAKS 
With ~e running at idle and the shift lever in 

•NEUTRAL , depress the brake pedal and hold a 
constant foot pressure. ff the pedal gradually falls away 
with the constant pressure, the hydraulic system may 
be leaking. Perform a visual check to confirm any 
suspected leak. 

Check the master cylinder fluid levels. While a 
slight drop in reservoir level does result from normal 
lining wear, an abnormally low level in either reservoir 
indicates a leak in the system. The hydraulic system 
may be leaking either internally or externally. See 
"Master Cylinder Check.• Also, the system may 
appear to pass this test but still have slight leakage. 

If fluid leaks are normal, check the vacuum 
booster pushrod length. ff an incorrect length pushrod 
is found,· adjust or replace the pushrod. Check the 
~cc brake pedal travel and the parking brake 
adjUstment. 

When checking the fluid levels, the master 
cylinder reservoir may be as low as one inch from the 
top if the front or rear disc brake linings are worn. This 
is not abnormal. 

MASTER CYLINDER CHECK 
These checks will help locate some master 

cylinder malfunctions. Use the brake diagnosis charts 
to help isolate the problem if it is not found by using 
these tests. (Figures 2 through 4). 

1. Check for a cracked master cylinder casting or 
brake fluid around the master cylinder. Leaks are 
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indicated only if there is at least a drop of fluid. 
A damp condition is not abnormal. 

2. Check for a binding pedal linkage and incorrect 
pushrod length. If both of these are satisfactory, 
disassemble the master cylinder and check for 
swollen or elongated piston seal(s). If swollen 
seals are. found, substandard or contaminated 
brake fluid should be suspected. If contaminated, 
all components should be disassembled and 
cleaned; all rubber components should be 
replaced and all pipes flushed. 

SUBSTANDARD OR CONTAMINATED BRAKE 
FLUID 

Improper brake fluid, mineral oil or water in the 
fluid may cause the brake fluid to boil or the rubber 
components to deteriorate. 

If piston cups are swollen, the rubber parts have 
deteriorated. This deterioration may also be seen by 
swollen master cylinder cover diaphragm. 

If rubber deterioration is evident, disassemble all 
hydraulic parts· and wash with alcohol Dry parts with 
compressed air before assembly to keep alcohol out of 
the system. Replace all rubber parts in the system, 
including hoses. Check for fluid on the linings. If 
excesmve fluid is found, replace the linings. 

If master cylinder piston seals are satisfactory, 
check for leakage or exccssiv.e heat conditions. If 
condition is not found, drain flttid, flush with brake 
fluid, fill and bleed the system. 

ON-VEHICLE SERVICE 
BRAKE PEDAL TRAVEL 

Most low pedal problems are caused by air in the 
hydraulic system. Bleed the system until air is purged. 
See •Bleeding Brake Hydraulic System.• Other less 
frequent causes of excessive pedal travel are incorrect 
pushrod length, improperly adjusted parking brake, 
n:ar shoe adjusters not operating, linings excessively 
worn, and hydraulic system leakage. 

I') Measure 
Tool Required: 

J 28662 Brake Pedal Effort Gage 
1. With engine off and key off. pump brake pedal 

until all reserve is exhausted from the brake 
booster. A definite change in pedal feel will occur. 

2. Install J 28662 onto brake pedal. 
3. Hook end of tape measure over top edge of brake 

pedal and measure the distance to ·the rim of the 
steering wheel. 

4. Apply brake pedal with 445N (100 lbs.) force and 
remeasure. The difference between both readings 
is the actual pedal travel and should not exceed 
specifications. See •specifications• in this 
section. 

5. On rear drum brake equipped vehicles, if pedal 
travel is more than specifications, drive the 
vehicle reverse while intermittently applying the 
brakes. In rare cases, too much pedal travel 
develops if the vehicle is not driven in reverse. 

Duo-servo self-adjusting ·mechanimu will only 
operate when the brakes are applied in reverse. 

STOPLAMP SWITCH ·ADJUSTMENT 
Rgure6 

Jll Adjust 
With brake pedal (1) in fully released position, 

the stoplamp switch plunger should be fully depressed 
against the brake pedal shank. Adjust switch (2 or 3) 
by moving it in or out as necessary. 

1. Insert switch (2 or 3) into tubular clip (4) until 
switch body seats on .the tubular clip (4). 

2. Pull brake pedal (1) to the rear, against internal 
pedal stop. The stoplam:p switch (2 or 3) will be 
moved in the tubular clip ( 4) giving the proper 
adjustment. 
• When no clicks are heard when the brake 

pedal is pulled up, and the brake lamps do 
not stay on without the brakes being 
applied, the proper switch adjustment is 
obtained. 

• For diagnosis of the stoplam~ refer to 
ELECTRICAL DIAGNOSIS (SEC. SA). 

FILLING MASTER CYLINDER RESERVOIRS 
The master cylinder must be kept properly filled 

to insure adequate reserve and to prevent air from 
entering the hydraulic system. However. because of 
expansion due to heat absorbed from brakes and from 
engine, the master cylinder must not be overfilled. 

The brake fluid reservoir is on the master cylinder 
which is located under the hood on the left side of the 
cowl 

Thoroughly clean reservoir cover before removal 
to avoid getting dirt into reservoir. Remove cover and 
diaphragm. 

NOTICE: Do not use fluid which contains a 
petroleum base. Do not use a container which has 
been used for petroleum based fluids or a container 
which is wet with water. Petroleum based fluids 
will cause swelling and distortion of rubber parts 
in the hydraulic brake system and water will mix 
with brake fluid, lowering the fluid boiling point 
Keep all fluid containers capped to prevent 
contamination. 

Add fluid as required to bring level to the full 
mark located inside the reservoir. Use Delco Supreme 
No. 11 Hydraulic Brake Fluid or equivalent. Fluid 
must be •noT 3. • 

BLEEDING BRAKE HYDRAULIC SYSTEM 
A bleeding operation is necessary to remove air 

from the hydraulic brake system whenever it is 
introduced into the hydraulic system. 

It may be necessary to bleed the hydraulic system 
at all four brakes if air has been introduced through a 
low fluid level or by disconnecting brake pipes at the 
master cylinder. If a brake pipe is disconnected at one 
wheel, then that wheel cylinder/caliper only needs to 
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BRAKE DIAGNOSIS CHART - 4 WHEEL DISC SYSTEMS 

:I ·I r i I ii .J 
~ i 11 

II f{!. le ll : i! Pi! I 1- I! 
:c 

I ! - -! i 

·iJ 
J I 11 ll 11 Ji .. 11 Ii h .t! 

Ji i"' iJ Ii 
,. 

II 
I Ii Ji If jf i! II CAUSE .. I ia: I Ill& ::::IC ::::IC DQ 

LNldng Bralre Une orConnacllon X xx X X xx 
LNldngPllton8NI X xx X X X X X 
LNldng ..._ Cyflndw X xx X X X 
Air In Brab Spllam xx X X xx 
Cant....in.tecl or Improper X X X X X X X 
BralmFluld 

IAaldllgV-=uumSptam :xx X 

ANlrlllllad Air Pwage In Power HNd X X xx X 

Dlnulgldl'owlerHNCI X X X X xx 
WomoutBlalce Unfng X X X X X X X X 

u.-n llral!e Lining w .. -Rep1ace X X X X X X xx X X 

Glued llrllll• Unlng xx X X X X X 

lnconwotUning.....,..._Aeplece X X X X X X X 

Contaminated Bnb Uning-Ae,!Ke xx X xx xx X X X X 

UntnpDamegedoy Abuelve u- X xx X X X X X X 
Repllice 

HNI Spcrtbd orScorad Dleca X X X X X xx X 

lnlpraper ~ Variation X xx 
Eu...,,.Lateral Aun-Out X X 

Au1Dmallc Ad)u9ler Problem X X X X X X 

8nlatAaemblyAttactlm1m. X X X X X X X X 
llllllnt or l.ooN 
RNCllc:lldlralceflulcl,._.. X X X X X X X X 

=•StoplempSwillch X 
VIICIUUIIIDilmp 

......... Y .. Prablem X X X X X X X X 

"11portlonlng Vain l'raolMI X X X X X X X X 

..,. Pedal Unllaga hltlff-• X X xx xx 
orllndlng : 

1-,raparly Adjualad Plrldng ... X X 

=i:Langtlllloolter X X X xx X 

Incorrect l'roftt End Alltnment xx 
lnool'MclflNPreNura X X 

lncan'NIWIINl learlng Ad)UltlMnt X X X 

Looeel'nlntlulpenllonAltllCftmenta X X xx X X 

OuHMtalanoe WIINI AINnlllll• xx 
0penm, Riding llrlb Pedal X X X X 

...,.CallperorWIINI X X xx X X 
~Plltone 
,_,,..·lwftllltanutGraundecl I xx 
,_.,.Notflal111lng X X xx 

"May be I IIOl'l'IIIII condition. 

ICCZOZ ~I" 

Rgure 3 - 4-Wheel Disc Brake Diagnosis 



GENERAL BRAKES 5-7 

The same types of brake trouble are encountered with power brakes as with standard .brakes. Before checking power 
brake system for source of trouble, refer to the brake system diagnosis charts. After these possible causes have been 
efiminated, check for cause as outlined bek>w: 

CAUSE 
Broken or damaged hydraulic brake pipes. 

Vacuum failure. 

Faulty diaphragm. 

Restricted air filter element. 

Wom or distorted reaction plate or levers. 

Cracked or broken power pistons or retainer. 

CAUSE 
Broken or damaged hydraulic brake pipes. 

Insufficient ffuid in master cylinder. 

Faulty master cylinder seals. 

Cracked master cylinder casting. 

HARDPEDAL 

CORRECTION 

Inspect and replace as necessary. 

Check for: 

Faulty vacuum check valve or grommet. Replace. 
Collapsed or damaged vacuum hose. Replace. 
Plugged or loose vacuum fitting. Repair. 
Faulty air valve seal or support plate seal. Replace. 
Damaged floating control valve. Replace. 
Bad stud welds on front or rear housing or power head. 
Replace unless easily repaired. 

Replace. 

Replace. 

Replace plate or levers. 

Replace power pistons and piston rod retainer. 

GRABBY BRAKES 
(Apparent Off-On Condition) 

CORRECTION 

Inspect and replace as necessary. 

Fill reservoirs with approved brake fluid. Check for 
leaks. 

Repair or replace as necessary. 

Replace. 

Leaks in pipes or connections at disc brake calipers or 
wheel cylinders. 

Inspect and repair as necessary. 

Air in hydraulic system . . 

CAUSE 
Blocked passage in power piston. 

Air valve sticking shut. 

Broken piston return spring. 

Broken air valve spring. 

Tight pedal linkage. 

Bleed system. 

BRAKES FAIL TO RELEASE 

CORRECTION 

Inspect and repair or replace as necessary. 

Check for proper lubrication of air valve "O" ring. 

Replace. 

Replace. 

Repair or replace as necessary. 

--· ---
Figure 4 - Vacuum Booster Diagnosis Chart 

Ill 
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[!] BRAKE PEDAL 

[!] SWJTCH-WITHOUTCRUISECONTROL 

0 SWITCH-WITH CRUISE CONTROL 

0 CUP 

KC0001-l-8-IIP 

Figure 6 - Stoplamp Switch Adjustment 

be bled. If pipes are disconnected at any fitting located 
between master cylinder and brakes, then the brake 
system served by the disconnected pipe must be bled. 

Manual Bleeding 
Figu11 I 

Tools Required: 
J 21472 Bleeder Wrench 
J 28434 Rear Wheel Cylinder Bleeder 
Wrench 

Remove the vacu~ reserve by applying the 
braka several times, with the engine off. 

1. Fill the master cylinder reservoirs with brake 
fluid and keep at least half full of fluid during the 
bleeding operation: 

2. If the master cylinder is known or suspected to 
have air in the ~ bleed it before any wheel 
cylinder or caliper fu the following manner: 
• Disconnect the forward brake pipe 

connection at the master cylinder. 
• · Allow brake fluid to fill the master cylinder 

bore until it begins to flow from the forward 
pipe connector port. 

• Connect the forward brake pipe to the 
master cylinder and tighten. 

• Have a helper depress the brake pedal 
slowly one time and hold. Loosen the 
forward brake pipe connection at the master 
cylinder to purge air from the bore. Tighten 
the connection and then have your helper 
release the brake pedal slowly. Wait 15 
seconds. R.q,eat the sequence, including the 

15 second wait, until all air is removed from 
the bore. Care must be taken to prevent 
brake fluid from contracting any painted 
surface. 

• After all air has been removed at the 
forward connection. repeat procedure 
outlined above to bleed the master cylinder 
at the rear connection. 

• If it is known that the calipers and wheel 
cylinders do not contain any air, it will not 
be necessary to bleed them. 

3. If it is necessmy to bleed all of the wheel cylinders 
and calipers, follow this sequence. 
• Right rear 
• Left rear 
• Right front 
• Left front 

4. Bleed individual wheel cylinders or calipers only 
after all air is removed from the master cylinder. 
• Place a proper size box end wrench or J 

21472 over the bleeder valve. 
• Attach a clear tube over bleeder valve and 

allow tube to hang submerged in a clear 
container partially filled with brake fluid. 
Rear wheel cylinder bleeder screws require 
tool J 28434. 

• Have a helper depress the brake pedal 
slowly one time and hold. Loosen the 
bleeder valve to purge the air from the 
cylinder. Tighten bleeder screw and have 
your helper slowly release pedal; wait 15. 
seconds. Repeat the ~ce, including the 
15 second wait until m is removed. 
- It may be necessary to repeat the 

sequence ten or more times to remove 
all the air. 

- Rapid pumping of the brake pedal 
pushes the master cylinder secondary 
piston down the bore in a way that 
makes it difficult to bleed the rear side 
of the system. 

S. Check the brake pedal for •sponginess• and the 
red •sRAKE• warning lamp for indication of 
unbalanced pressure. 
• Repeat entire bleeding procedure to correct 

eitner of these two conditions. 

Pressure Bleeding 
F",gum 6 and 1 

Tools Required: 
J 21472 Bleeder Wrench 
J 28434 Rear Wheel Cylinder Bleeder 
Wrench 
J 29532 Power Brake Bleeder 
J 29567 Brake Bleeder Adapter 
J 35856 Proportioning Valve Depressor 

NOTICE: Pressure bleeding equipment must be 
the diaphragm type and must .have a rubber 
diaphragm between the air supply and the brake 
fluid to prevent air, moisture, oil and other 
cOJ1taminants from entering the hydraulic system. 



1. Install 129567 to the master cylinder (85). 
2. Charge J 29532 to 140-172 kPa (20-25 psi). 
3. Connect line to adapter. 

• Open line valve and depress bleed-off valve 
on top of adapter until a few drops of fluid 
appear. 

4. Raise and suitably support the vehicle. Refer to 
GENERAL INFORMATION (SEC. OA). 

5. A manual override of the combination valve is 
required on rear drum brake.1, to permit fluid 
flow to the front wheels when pressure bleeding. 
Use J 35856 to hold the valve stem Ol)eB during 
pressure bleeding. 

6. Bleed the brakes in the following sequence: 
• Right rear 
• Left rear 
• Right front 
• Left front 

7. Place a proper size box end wrench or J 21472 
over the bleeder valve. Use J 28434 on the bleeder 
screws of rear drum brake.1. 

8. Attach a clear tube over valve and allow tube to 
hang subn;lerged in a clear container partially 
filled with brake fluid. 

9. Open the bleeder valve and allow fluid to flow 
until no air is seen in the fluid. 

10. Close the bleeder valve. 
• Be sure it seals. 

11. Repeat steps 7 through 10 until all calipen and 
wheel cylinders have been bled. 

12. Remove J 35856 from combination valve. 
13. Lower vehicle. 
14. Check the brake pedal for "sponginess" and the 

red "BRAKE" warning lamp for indication of 
unbalanced pressure. 

• Repeat entire bleeding procedure to correct 
either of these two conditions. 

15. Remove brake bleeding equipment from master 
cylinder. 

FLUSHING BRAKE HYDRAULIC SYSTEM 
The complete hydraulic system should be flushed 

thoroughly with clean brake fluid whenever new parts 
are installed in the hydraulic system. The system must 
be flushed if there is any doubt about the grade of fluid 
in the system or if fluid has been used which contains 
the slightest trace of mineral oil Apprnxirnately 
one-quart of fluid is required to flush the hydraulic 
system. All rubber parts that have been subjected to a 
contaminated fluid must be replaced. 

BRAKE PIPE REPLACEMENT 
· Refer to Figures 8 through 11 for brake pipe 

routjng and replacement. 

ISO Flare 
F,gures 12 through 14 

Tool Requir~ 
J 29803-A ISO Flaring Tool 

CAUTION: Never use copper pipe 
because copper is subject to fatigue 

· GENERAL BRAKES &-8 

0 HOSE 

[!] CONTAINER 

Figure 8 - Bleeding Brakes 

0 HOSE TO BLEEDER 

~ MASTER CYLINDER 

p 

Figure 7 - Pressure Bleeding Adapter 

cracking and corrosion which could 
result in brake failure. Use double 
walled steel brake pipe. 

1. Obtain the recommended pipe and steel fitting 
nuts of the correct size. 
- Outside diameter of pipe is used to specify 

size. 
2. Cut pipe to length with a pipe cutter. 

- Do not force the cutter. 
- . Advance the tool only a small amount per 

tum of the tool. 
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[!] FRONT BRAKE PIPE 

[!] FRONTBRAKEHOSE 

[TI B~CKET 

[!]. SPRING CLIP 

[!] BRACKET 

~ BOLT 

[ill GASKET 

[ill FRONT CALIPER 

11 N·m (8 - ~,,.,.. 

5 
8 !VEWB! 

11 N•m ca LB. FT.> 

Figure 8 - Front Brake Hosea and Pipes 



[!) CENTER BRAKE PIPE 

~ RJEL FEED PIPE 

(I!] FUEL RETURN PIPE 

l!!) RJEL VAPOR PIPE 

l!!l SPEEDO MOTOR CABLE 

GENERAL BRAKES 5-11 

p 

Figure 9 • Center Brake Pipes (Typicalr 

- Correct length of pipe may be determined 
by measuring old pipe using a string and 
adding 3.2 mm (1/8 inch) for each ISO 
flare. 

3. Make sure fittings are installed before starting 
flare. 

4. Chamfer the inside and outside diameter of the 
pipe with the dc-buring tool 

5. Remove all traces of lubricant from front brake 
pipe (5) and flaring tool. 

6. Clamp the flaring tool body in vise. 
7. Select the correct size collet and forming mandrel 

for pipe size used. 
8. Insert the proper forming mandrel into the tool 

body. 
• While holding forming mandrel in place 

with your finger, thread in the forcing screw 
until it makes contact and begins to move 
the forming mandrel. 

• When contact is made, tum the forcing 
screw back one complete tum. 

9. Slide the clamping nut over the front brake pipe 
{S) into the correct collet. 

• Leave appromnatcly 19 mm (3/4 inch) of 
tubing extending out the collet. 

10. Insert the assembly into the tool body. 
- The brake pipe end must contact the face of 

the forming mandrel. 
11. Tighten the clamping nut into the tool body very 

tight or the pipe may push out. 
12. Wrench tighten the forcing screw. in until it 

bottoms. 

- Do not tighten the forcing screw or the flare 
may become over-siud. 

13. Back the clamping nut out of the tool body and 
disassemble the clamping nut and collet 
assembly. The flare is now ready for use. 

14. Bend front brake pipe (S) to match old pipe. 
Clearance of 19 mm (3/4 inch) must be 
maintained to all moving or vt'brating parts. 

BRAKE HOSE INSPECTION 
Figura & 10 and 11 

IL•I Inspect 
NOTICE: Do not allow brake components to 
bang from the flexible hoses as damage to the 
hoses may occur. Some brake hoses have 
protective rings or covers to prevent direct contact 
of the hose with other chassis parts. Besides 
causing posmble structural damage to the hose, 
excessive tension could cause the hose rings to 
move out of their proper locations. 

• F1exible hydraulic brake holes, which trariamit 
hydraulic pres.,ure from the steel brake· lines on 
the body to the rear brakes and to the calipers, at 
least twice a year when the vehicle is on a lift for 
lubrication. · 

• Brake hoses for road hazard damage, cracks and 
chafing of the outer cover, and for leaks and 
blisters. 
- A light and mirror may be needed for an 

adequate inspection. 
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[!!] CENTERBRAKEHOSE 

l!!) BRACKET 

~ SPRINGCUP 

e!] LEFT REAR BRAKE PIPE 

~ RIGHT REAR BRAKE PIPE 

~ BOLT 

~ REAR AXLE HOUSING 

I( 

Figure 10 - Rear Brake Pipes and Center Brake Hose 



(ill LEFT REAR BRAKE PIPE e!] BOLT 

e!) REAR DISC BRAKE HOSE e!) GASKET 

e!l BRACKET l~l REAR CALIPER 

(ill SPRING CUP 
itaairaup.._v 

Figure 11 - Rear Disc Brake oae Replacement 

0 FORMING MANDRELL 

[!] FORCING SCREW 

@) Fl.ARING TOOL BODY 
p 

Figura 12 • Forming Mandrel and Forcing Screw 

- If any of the above conditions are observed 
on a brake hose. it will be necessary to 
replace it. 

BRAKE HOSE REPLACEMENT 

Front Brake Hose 
Flgur118 

E3 R~ or Dil«:onn~ 

• Raise and suitably support the vehicle. Refer to 
GENERAL INFORMATION (SEC. OA). 

GENERAL BRAKES 1-13 

0 . CLAMPING NUT 

[!] COLLET 

I!!] BRAKE PIPE 

Figure 13 • Clamping Nut and Colle,; 

r:, FLARE FORMED 
~ Wfllf J 29803-A 

Figura 14 • ISO Flare 

~ Clean 

11P 

• Dirt and' foreign material from front brake 
hose (6) and fittings. 

1. Wheel and 1ire. Refer to TIRES AND WHP.ELS 
(SBC. 3E). 
• Mark relationship between wheel and hub. 

2. Front brake pipe (S) from front brake hose (6). 
- Use a backup wrench on h01e fitting. 
- Be careful not to bend front brake pipe (S) 

or bracket (7). 
3. 'Spring clips (8) from front brake hose (6) at 

brackets (1 and 9). · 
4. Prout brake hose (6) from brackets (1 and 9). 
S. Bolt (10), two gaskets (11) and front brake hose 

(6) from front caliper (12). 
- Discard the two gaskets (11). 

E!J ln1i.H or Connect 
NOTICE: See •Notice" on pageS-1 of this section 
for steps l and 4. 

l. Bolt (10), two gaskets (U) and front brake hose 
(6) to front caliper (12). 
- trse new gaskets (11). 
- Lubricate bolt threads with brake fluid. 
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- Fitting flange on front brake hose (6) must 
engage caliper orientation ledge. 

lll Tightln 

• Bolt (10) to 45 N ·m (33 lb. ft.). 
2. F1011t brake hose (6) into brackets (1 and 9). 

• There should be no kinks in the front brake 
hose (6). . 

3. Spring clips (8) to brackets (7 and 9) and front 
brake hose (6). 

4. Front brake pipe (5) to front brake hose (6). 
- Use a backup wrench on hose fitting. 
- Make sure that the front brake hose (6) doe.1 

not contact any part of the suspension:. 
Check in extreme right and extreme left 
tum conditions. 

lll Taghtln 
• Front brake pipe (5) to 24 N·m (18 lb. ft.). 

• Bleed brake system. Refer to 'Bleeding Brake 
Hydraulic System• in this section. 

5. Wheel and tire. Refer to TIRES AND WHEELS 
(SEC. 3B). . 

• Align previous marks on wheel and hub. 
• Lower vehicle. 

Center Brake Hose 
FigurlfO 

E3 Remove or Dilcannect 
• Raise and suitably support the vehicle. Refer to 

GENERAL INFORMATION (SEC. OA). 

~ Clean 
• Dirt and foreign material from center brake 

hose (18) and fittinp. 
1. Center brake pipe (13) from center brake hose 

(18). 
- Use a backup wrench on hose fitting. 
- Be careful not to bend bracket (19) or center 

brake pipe (13). 
2. Spring clip (20) from bracket (19) and center 

brake hose (18). 
3. Center brake hose (18) from bracket (19). 
4. Left and right rear brake pipes (21 and 22) from 

center brake hose junction block. 
5. Doh (23) and center brake hose jUDCtion block 

from rear ule housing (24). 
• Note position of junction block for 

positioning during installation. proper 

E3 lnltaR or Connect 
NOTICE: See 'Notice' on page 5-1 of this section 
for steps 1 and 4. 

1. Bolt (23) and center brake hose junction block to 
rear axle housing (24). 
• Do not fully tighten bolt (23) at this time. 

2. Left and right rear brake pipes (21 and 22) to 
center brake hose junction block. 

-~ Tlghtln 

• Bolt (23) to 27 N ·m (20 lb . . ft.). 
• Left and right rear brake pi~ (2l and 22) 

to 24 N ·m (18 lb. ft.). . . 
3. Center brake hose (18) into bracket (19). 

- Center brake hose (18) will only fit in 
bracket (19) one way. Be sure that hose is 
property seated. 

- Ceo~~ hose (18) should not be kinked 
or twisted. . 

4. SprinJ clip (20) to bracket (19) and center brake 
hose (18). 

5. Center brake pipe (13) to center brake hose (18). 
- Use a backup wrench on center brake hose 

fitting. . 
- Be careful not to bend bracket (19) or center 

brake pipe (13). 

lll Tighten 
• Center brake pipe (13) to 24 N·m (18 lb. 

ft.). 
• Lower the vehicle. 
• Bleed hydraulic brake system. Refer to "Bleeding 

Brake Hydraulic System• in this section. 

Rear Disc Brake Hose 
F',g11111f 

E3 Ramove or Dilconnect 
• Raise and suitably support the vehicle. Refer to 

GENERAL INFORMATION (SEC. OA). 
1. Wheel and tire. Refer to TIRES AND WHEELS 

(SEC. 3E). 
• Mark relationship of wheel to axle flange. 

P.! Clean 
• ·l)irt and foreign material from rear disc 

brake hose (25) and fittinp. · 
2. Rear disc brake hose (25) from left or right rear 

brake pipe (21 or 22). 
- Use a backup wrench on rear disc brake 

hose fitting. 
- Be careful not to bend bracket (26) and left 

or right rear brake pipe (21 or 22). 
3. Spring clip (27) from bracket (26) and rear disc 

brake h91e (25). 
4. Bolt (28), two gaskets (29) and rear disc brake 

hose (25) from rear caliper (30). 
- Discard two pskets (29). 

E3 Install or Connect 
NOTICE: See "Notice" on page 5-1 of this section 
for steps I and 2. 

1. Bolt (28), two gaskets (29) and rear disc brake 
hose (25) to rear caliper (30). 
- Use two new gaskets (29). 
- Lubricate threads on bolt (28) with brake 

fluid. 



111 Tighten-

• Bolt (28) to 45 N ·m (33 lb. ft.). 
2. Spring clip (27) to bracket (26) and rear disc 

brake bore (2S). 
3. Rear dilc brake hose (2S) t.o left or right rear 

brake pipe (21 or 22). 
- Use a backup wrench on rear disc brake 

hose fitting. 
- Be careful not to bend bracket (26) and left 

or right rear brake pipe (21 or 22). 

111 Tighten 
• Left or right rear brake pipe (21 or 22) to 24 

N·m (18 lb. ft.). 
• Bleed hydraulic brake system. Refer to •Bleeding 

Hydraulic Brake System• in this section. 
4. Wheel and tire. Refer to TIRP.S AND WHEELS 

(SBC. 3E). 
- Align previous marks on wheel and we 

flange. 
• Lower the vehicle. 

PARKING BRAKE 
This vehicle is · pped with. coated parking 

brake cable asaemblies.. ~ wire strand is coated with 
a plastic material which alidell over ~tic seals inside 
the conduit end fittings. this II for corrosion 
protection and reduced parking brake eff'ort. 

NOTICE: Handling these cables while servicing 
the parking brake system requires extra care. 
Damage to the plastic coating will reduce 
corrosion protection and if the damaged area 
puaes through the seal, increased parking brake 
effort could result. Contacting the coating with 
sharp-edged tools, or with sharp surfaces of the 
vehicle underbody, should be avoided. To prevent 
damage to the threaded parking brake adjustment 
rod when servicing the parking brake, the 
following is TCCOD'IIDendedr 

• Before attempting to tum the adjusting nut, 
clean the eq,osed threads on each side of 
the nut. 

• Lubricate the threads of the adjusting rod 
before turning the nut 

PARKING BRAKE CONTROL ASSEMBLY 
F",gure 16 

E3 RIIII0¥8 or Disconnect 
• Raise and suitably support the vehicle. Refer to 

GENERAL INFORMATION (SEC. OA). 
• Loose.n adjusting nut (43) at equalizer (41) 

enough to allow the front cable (36) to be 
disconnected from the control auembly (33). 

• Lower the vehicle. 
1. Carpet finish molding. 
2. Console. Refer to INSTit.UMENT PANEL, 

CLUSTER. AND CONSOLE (SEC. SC). 

GENERAL BRAKES &0 1& 

3. W-lring from parking brake switch. 
4. Pin (34) and retainer (32) from control assembly 

(33) and front- cable (36). 
S. Front cable (36) and cuing from control 

assembly (33). -

• Use a 1/2-inch box end wrench to free 
casing from control assembly (33) and 
bracket (35). 

6. Two bolts (42) and control assembly (33) from 
floor pan (39). 

E3 lnatall or Connect 

NOTICE: See •Notice• on page 5-1 of this 
section. 

1. Two bolts (42) and control assembly (33) to floor 
pan (39). · 

~ Tighten 

• Bolts (42) to 10 N•m (89 lb. ft.). 
2. Front cable (36) and casing to control assembly 

(33) and bracket (35). 
3. Pin (34) and retainer (32) to control uaembly 

(33) and front cable (36). · 
4. Wlring to parking brake switch. 
5. Console. Refer to INSTRUMENT P~ 

CLUSTER AND CONSOLE (SEC. 8C). 
6. Carpet finish molding. 

ll} Adjust 

• Parking brake. Refer to REAR · DISC 
BRAKE CALIPER ~EMBLY (SEC. 
583) or DIRECI' TORQUE DRUM 
BRAKE AS.mMBLY (SEC. 5C3). 

PARKING BRAKE CABLES 

Parking Brake Front Ceble 
Figu,.16 

E3 Remave or Dilcannect 
• Raise and suitably support the vehicle. Refer to 

GENERAL INFORMATION (SEC. OA). 
1. Adjusting nut (43) at equalizer (41). 
2. Front cable (36) from equalizer (41) and bracket 

(44). 
• Lower the vehicle. 
3. Upper console and lower console rear screws. 

Refer to INSTRUMENT PANEL, CLUSTER 
AND CONSOLE (SEC. SC). 

4. Pin (34) and retainer (32) from control assembly 
(33) and front cable (36). 
• Lift rear-of lower console for access. 

5. Front cable (36) and casing from control 
assembly (33) and bracket (35). 
• Use a 1/2-inch box end wrench to ftee 

casing from control assembly (33). 
6. Front cable (36) and grommet (31) from vcbide. 
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E3 Install ar Connect 
1. Front cable (36) and grommet (31) into vehicle. 

• .Seat grommet (31) in floor pan (39). 
2. Front cable (36) and casing to control assembly 

(33) and bracket (35).-
3. Pin (34) and retainer (32) to control assembly 

(33) and front cable "(36). 
4. Upper console and lower console rear screws. 

Refer to INSTRUMENT PANEL. CLUSTER 
AND CONSOLE (SEC. SC). 

• Raise and suitably support the vehicle. Refer to 
GENERAL INFORMATION (SEC. OA). 

5. Front cable (36) into equalizer (41) and bracket 
(44). 

6. Adjusting nut (43) at equalizer (41). 

Ill Adjust 

• Parking brake. Refer to REAR DISC BRAKE 
CALIPER ASSEMBLY (SEC. SB3) or DIRECT 
TORQUE DRUM BRAKE ASSEMBLY (SEC. 
SC3). 

Parking Brake Rear Cable (Drum Brakes} 
F',gure 16 

E3 Remove or Disconnect 

• Raise and suitably support the vehicle. Refer to 
GENERAL INFORMATION (SEC. OA). 

1. Left or right rear cable (37 or 38) from equaliur 
(41). 
• Loosen the adjusting nut (43) at the 

equalizer ( 41) to gain the neces.,ary cable 
slack. . 

2. Left or right rear cable (37 or 38) and casing from 
seat belt plate (4S) and retainer (46). 
• Compress retainer fingm on casing and 

pull left or right rear cable (37 or 38) out of 
seat belt plate ( 45). 

3. On the left side, pull left rear cable (37) through 
the clip (47) on the axle housing (48). 

4. On the right side, screw (49) and clamp (50) from 
right rear cable (38). 

s. Wheel and tire. Refer to TIRES AND WHEELS 
(SEC. 3E). 
• Mark relationship of wheel to ule flange. 

6. Brake dnun (51). 
7. Left or right rear cable (37 or 38) from brake shoe 

operating lever. Refer to DIRECT TORQUE 
DRUM BRAKE ASSEMBLY (SEC. SC3). 

8. Left or right rear cable (37 or 38) from backing 
plate (52). 
• - Compress retainer fingers and pull out. 

E3 Install or Connect 

1. Left or right rear cable (37 or 38) to backing plate 
(52). 

2. Left or right rear cable (37 or 38) to brake shoe 
actuating lever. Refer to DIRECT TORQUE 
DRUM BRAKE ASSEMBLY (SEC. SC3). 

3: Brake drum (Sl). 
• Align previous marks on ax1e flange and 

brake drum (51). 
4. Wheel and tire. Refer to TIRF.S AND WHEELS 

(SEC. 3E). 
• Align previous marks on ule flanae and . wheel. . o 

5. On the right side, screw (49) and clamp (SO) to 
right rear cable (38). 

6. On the left side, left rear cable (3 7) through clip 
(47) on axle housing (48). 

7. Left or right rear cable (37 or 38) into seat belt 
plate (45) and retainer (46). 

8. Left or right rear cable (37 or 38) to equalizer 
(41). 

Ill Adjust 

• Parking brake. Refer to DIRECT TORQUE 
DRUM BRAKE ASSEMBLY (SEC. SC3). 

Parking Brake Rear Cabla (Disc Brakes) 
Figure 16 

l++I Remove or Disconnect 
• Raise and suitably support the vehicle. Refer to 

GENERAL INFORMATION (SEC. OA). 
1. Left or right rear cable (37 or 38) from equalizer 

(41). 
• Loosen the adjusting nut (43) at the 

equalizer (41) to gain the necessary cable 
slack. 

2. Left or right rear cable (37 or 38) and casing from 
seat belt plate (45) and retainer (46). 
• Compress retainer fingers on casing and 

pull left or right rear cable (37 or 38) out of 
seat belt plate ( 4S). 

3. On the left side, pull left rear cable (37) through 
the clip ( 47) on the we housing ( 48). 

4. On the right side, screw (49) and clamp (50) from 
right rear cable (38). . 

S. Wheel and tire. Refer to TIRES AND WHEELS 
(SEC. 3E). 
• Mark relationship of wheel to ule flange. 
6. Right or left rear cable (37 or 38) from 

caliper lever (53) and bracket (54). 
• Push forward on caliper lever (53). 
• Remove right or left rear cable (37 or 38) 

from tang on caliper lever (53). 
• Release caliper lever (53). 
• Compress retainer fingers on cable casing 

and pull out of bracket (54). 

E3 Install or Connect 
1. Right or left rear cable (37 or 38) to caliper lever 

(53) and bracket (54). 
• Push forward on caliper lever (53). 
• Install right or left rear cable (37 or 38) in 

tang on caliper lever (53). 
• Release caliper lever (53). 
• Seat retainer fingers into bracket (54). 
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Figure 16 - Parking Brake Control and Cables 

2. On the right side, screw (49) and clamp (SO) to 
right rear cable (38). 

3. On the left side, left rear cable (37) through clip 
(47) on axle housing (48). 

4. Left or right rear cable (37 or 38) into seat belt 
plate (45) and mainer ( 46). 

S. Left or right reat cable (37 or 38) to equalizer 
(41). 

~ Adjust 
• Parking brake. Refer to REAR DISC BRAKE 

CALIPER ASSEMBLY (SEC. 5B3). 
• Wheel and tire. Refer to TIRES AND WHEELS 

(SEC. 3E). . 

• Lower the vehicle. 

Parking Brake Adjustment 

Refer to REAR DISC BRAKE CALIPER 
ASSEMBLY (SEC. 5B3) or DIRECT TORQUE 
DRUM BRAKE ASSEMBLY (SEC. 5C3) for parking 
brake adjustment procedures. 

COMBINATION VALVE 

TIiting Combination Valve Electrical Circuit 
Figure 17 

When removing the electrical wire connector (S5) 
from the pressure differential switch, squeeze the 
elliptical shaped plastic locking ring and pull up. This 
will move the locking tangs away from the switch. 
Pliers can be used to help remove the connector. 

1. Re111ove connector (55) from brake switch 
terminal and use a jumper to connect wire to a 
good ground. 
• Squeeze sides of connector (55) to release 

tabs and pull up. 
2. Tum ignition· key to •oN•. The warning lamp 

should light. 
• If Jamp does not light, bulb is burned out or 

electrical circuit is faulty. Replace bulb or 
repair electrical circuit as necessary. Refer 
to ELECTRICAL DIAGNOSIS (SEC. SA) 
for specific electrical information. 
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3. When warning lamp lights, turn ignition switch 
'OFF." Disconnect jumper and install connector 
(55) to brake switch terminal. 

Testing Combination Valve Warning Lamp 
Switch 
Figure 17 

1. Attach a bleeder hose to a rear brake bleed screw 
and immerse the other end of the hose in a 
container partially filled with clean brake fluid. 

- Be sure master cylinder reservoirs are full. 
2. Turn ignition switch to •oN•. 

• Open bleeder screw while an assistant 
applies moderate pressure to the brake 
pedal. The warning lamp should light. 

• Close bleeder screw before assistant releases 
brake pedal. 

• Apply brake pedal with moderate-to-heavy 
pressure. The warning lamp should go out. 

3. Attach the bleeder hose to a front brake bleeder 
screw and repeat steps 1 and 2. Wanting lamp 
action should be the same as in step 2. Tum 
ignition switch "OFF". 

4. H the warning lamp does not light during steps 
2 and 3, but does light when a jumper is 
connected to ground, the warning lamp switch 
portion of the combillation valve is faulty. 
Replace combination valve (56). 

0 SIDE OF CONNECTOR 

[!] TABS 

~ CONNECTOR 

Figure 17 - Removing Brake Switch Connector 

Combination Valve Replacement 
Figure 18 

The combination valve (56) is not repairable and 
niust be serviced as a complete assembly. 

l+-+I Remove or Disconnect 

1. Brake pipes (57 through 61) from combination 
valve (56). 
• Plug brake pipes (~7 through 61) to prevent 

loss of fluid and entrance of dirt. 
2. Connector (55) from the combination valve 

switch terminal. 
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3. Two-nuts (63) attaching combination valve (56) 
to booster (62). 

4. Combination valve (56) from booster (62). 

E3 Install or Connect 

1. Combination valve (56) to booster (62). 

NOTICE: Sec "Notice• on page 5-1 of this 
section. 

2. Two nuts (63) attaching combination valve (56) 
to booster (62). 

l~I Tighten 

• Nuts (63) to 27 N·m (20 lb. ft.). 
3. Connector (55) to the combination valve switch 

terminal. 
4. Brake pipes (57 through 61) to combination valve 

(56). 

(~I Tighten 

• Brake pipes (57 through 61) to 24 N·m (18 
lb. ft.). 

• Bleed the brakes. Refer to ·ateeding Brake 
Hydraulic System" in this section. 

CAUTION: Do not move the car until a 
firm brake pedal is obtained. Air in the 
brake system can cause loss of 
brakes. 

BRAKE LINING INSPECTION 
Figure 19 

Inspect the brake linings at least twice a year 
when the wheels are removed (tire rotation, etc.). 
When inspecting disc brakes, check both ends of the 
outer shoe by looking in at each end of the caliper. 
These are the points at which the highest rate of wear 
normally occurs. Also, check the lining thickness of the 
inner shoe to make sure that it has not worn 
prematurely. Look through the hole in the top of the 
caliper to view the inner shoe. Disc brake linings 
should be replaced when the thickness of any lining is 
worn to within 0. 76 mm (0.030-inch) of the shoe or 
rivet. All disc brake shoes and linings should be 
replaced in axle sets. 

All disc brakes have a wear indicator that makes 
a noise when the linings wear to a degree where 
replacement is required. The wear indicator is an 
integral part of the shoe and lining. When the lining is 
worn, the clip indicator contacts the rotor and 
produces a warning noise. 

Check the flatness of brake linings. Place inner 
shoe lining and outer shoe lining surfaces together and 
check for gap between swfaces. Hmore than 0.13 mm 
(0.005-inch) gap is measured midway betweeen 
attaching lugs, shoe and lining assembly must be 
replaced. 

Inspect rear drum brake shoe and lining 
assemblies. When the thickness of any lining is worn 
within 0. 76 mm (0.030-inch) of the shoe or rivet, the 
shoe and lining assemblies must be replaced Replace 
shoe and lining assemblies in axle sets. 
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Figure 18 • Combination Valve Replacement 

0 INSPECTION POINTS 

Figure 19 • Brake Lining Inspection 

BRAKE LINING REPLACEMENT 
GM replacement brake lining material is 

recommended for all GM vehicles to maintain the 
baJ•uce between front and rear brake performance. 
GM replacement brake parts have been carefully 
selected to provide the proper brake balance for 
purposes of both stopping distance and controlability 
over the full range of ~ting conditions. Installation 
of front ot rear brake lining material with performance 
different from that of the G-¥ replacement parts 
recommended for this vehicle can change the intended 
brake balance of this vehicle. 

Refer to FRONT DISC BRAKE CALIPER 
ASSEMBLY - 3000/3100 series (SEC. SBl) or 
FRONT PAD-GUIDED DISC BR.AKE CALIPER 
ASSEMBLY (SEC. SB2) for front disc brake shoe and 
lining ' replacement. R.c:fer to DIRECT TORQUE 
DRUM BRAKE ASSEMBLY (SEC. 5C3) for rear 
drum brake shoe and lining repJacement. Refer to 
REAR DISC BRAKE CALIPER ASSEMBLY (SEC. 
5B3) for rear disc brake shoe and lining replacement. 

INSPECTING AND REFINISHING ROTORS 

Thickness Variation Check 

Thickness variation can be checked by meauring 
the thickness of the rotor (64) at four or more points 
around its circumference. All measurements must be 
made at the same distance in from the edge of the rotor 
(64). A rotor (64) that varies by more than 0.013 mm 
(O.OOOS inch) can cause pedal pulsation and/or front 

· end vibration during brake applications. A rotor (64) 



that does not meet these specifications should be 
refinished to specifications or replaced. · 

Lateral Runout Check 
r111u,.zo 

1. Tighten wheel bearings until all the play is out of 
the bearings. Refer to FRONT SUSPENSION 
(SEC. 3C). 

2. Remove caliper. Refer to FR.ONT DISC 
BRAKE CALIPER ASSEMBLY - 3000/3100 
SERIES (SEC. 5B1) or FRONT PAD-GUIDED 
DISC BRAKE CALIPER ASSEMBLY (SEC. 
582). . 

3. Fasten a dial indicator to the steering knuckle so 
that the indicator button contacts the rotor (64) 
about 25 mm (1 inch) from the rotor edge. 

4. Zero the dial indicator. 
5. Move the rotor (64) one complete revolution, and 

observe total indialted runout (TIR.). 
• Lateral runout should not be more than 

specifications. See •specifications• in this 
section. 

• A rotor (64) that does not meet the lateral 
runout specification should be resurfaced or 
replaced as nccc:su.ry. 

6. Readjust wheel bearings. Refer to FRONT 
SUSPENSION (SEC. 31=). 

7. Install caliper. Refer to FRONT DISC BRAKE 
CALIPER ASSEMBLY - 3000/3100 SERIES 
(SEC. 5B1) or FRONT PAD-GUIDED DISC 
BRAKE CALIPER ASSEMBLY (SEC. 582). 

0 DIAL 
INDICATOR 

84 ROTOR 

Figure 20 • Checking Lateral Runout 

Replacing Brake Rotors 

When installing new brake rotors, do not refinish 
the surfaces of these parts. New parts have the correct 
level of surface finish. 

Rotor Tolerance and Surface Finish 

In manufacturing the brake rotor, tolerances of 
the braking surfaces for flatness, thickness variation 
and lateral runout are held very close. The 
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mai1ttenaoc.e of close tolerances on the · shape of the 
braking surfaces is necessary to prevent brake 
roughness. 

In addition to these tolerances, the surface finish 
must be held to a specified range. The control of the 
braking surface finish is necessary· to avoid pulls · and 
ma~ performance and to extend_ lining life. 

Light scoring of the rotor surfaces not exceeding 
0.38 mm (0.015-inch) in depth, which may result &om 
normal use, will not affect brake operation. · 

Refinishing Brake Rotors · 
All brake rotors have a minimum thicknes., 

dimension cast into them. This dimension is the 
minimum wear djmension and not a refinish 
dimension. The minimum refinish dimension is greater 
than the discard dimension. Do not use a brake rotor 
that will not meet specifications. Refer to 
•specifications* in this section. . 

Since accurate control of the rotor tolerances is 
necessary for proper performance of the disc brakes, 
the rotor should be machined only with precision 
equipment. 

When refinishing rotors, always use sharp cutting 
tools or bits. Dull or worn tools leave a poor surface 
finish which will affect initial braking performance. 
Vibration dam~ attachments should always be 
used when refinis]ling braking surfaces. These 
attachments eliminate tool chatter and will result in 
better surface finish. 

The optimum speed for refinishing braking 
surfaces is a spindle speed of 200 rpm. Crossfeed for 
rough cutting should range &om 0.25-0.15 mm (0. 
010-0.006-inch) per revolution. F"mish cuts should be 
made at cros.,feedJ no greater than 0.05 mm (0. 
002-inch) per revolution. 

INSPECTING AND REFINISHING BRAKE 
DRUMS 

When brake drums are removed, thoroughly 
clean and inspect them for cracks, scores, deep grooves, 
out-of-round and taper. 

Cracked, Scored or Grooved Drum 
A cracked drum is unsafe for further service and 

must be replaced. Do not attempt to weld a cracked 
drum. 

Smooth up any slight scores. Heavy or extensive 
scoring will cause excessive brake lining wear, and it 
may be necessary to refinish the drum braking surface. 

H the brake linings are slightly wom but still 
re-usable, and the drum is grooved, polish the drum 
with fine emery cloth but do not refinish. Eliminating 
all grooves in drum and smoothing the ridges on lining 
would require removing too much metal and lining, 
while if left alone, the grooves and ridges match and 
satisfactory service can be obtained. 

If brake linings are to be feP,laced, refinish a 
grooved drum. A grooved drum, if used with new 
lining, will not only wear the lining. but will make it 
difficult, if not impossible, to obtain proper brake 
performance. 
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Out-Of-Round or Tapered Drum 
An out-of-round or tapered drum makes accurate 

brake shoe adjustment impossible and is likely to cause 
excessive wear of other parts of brake mechanism due 
to its eccentric action. An out-of-round drum can also 
cause severe and irregular tire mad wear as well as a 
pulsating brake pedal. When the drum exceeds the 
specification limits in taper and/or out-of-round, 
refinish drum to true up the braking surface. 
Out-of-round as well as taper and wear can be 
accurately measured with an inside micrometer titted 
with proper extension rods. 

When measuring a drum for out-of-round, taper, 
and wear, take measurements at the open and closed 
edges of machined surface and at right angles (90 
degrees) to each other. 

Replacing Brake Drums 
When installing new brake drums, do not refinish 

the braking surface. New drums have the correct level 
of surface finish. 

Refinishing Brake Drums 
All brake drums have a maximum diameter cast 

into them. This diameter is the maximum wear 
diameter and not a refinish diameter. Do not refinish 
a brake drum that will not meet the specifications. 
Refer to •specifications•· at the end of this section. 

. Any drum that does not meet the specifications 
shown should be replaced. 

If a drum must be refinished, remove only enough 
metal to obtain a true. smooth braking surface. If a 
drum does not clean-up when refinished to 8 maximnm 
rebore diameter as shown in •specifications• in this 
section, replace it. 

Removal of more metal will affect heat 
dissipation and may cause drum distortion. 

When refinishing drums, always use sharp 
cutting tools or bits. Dull or wom tools leave a poor 
surface finish which will affect initial braking 
performance. Vibration dampening attachments 
should always be used when refinishing braking 
surfaces. These attachmeilts elimina~ tool chatter and 
will result in better surface finish. 

The optimum spindle speed for refinishing 
braking surfaces is spindle 200 rpm. Crossfeed for 
rough cutting should range from 0.25-0.15 mm (0. 
010-0.006-inch) per revolution. Fmish cuts should be 
made at crossfeeds no greater than 0.05 mm (0. 
002-inch) per revolution. 

Brake Drum Balance 
During manufacture, weights are used to balance 

brake drums. These weights must not be removed. 

After drums have been refinished or if difficulty 
is experienced in maintaining proper • wheel be]ence, 
brake drums should be checked for balance. Brake 
drums may be checked for balance .on . most 
off-the-vehicle wheel balancers. 

POWER BRAKE VACUUM BOOSTER HOSES 
AND PIPES · 

Rder to Figures 21 through . 23 for ·vacuum 
booster hose routing. · 

(ail HOSE llC001 P 

Figure 21 • Vacuum Booster Hose Routing - 2.BL LBS 

l!!l HOSE 

I!!) BOOSTER 

Figure 22 - Vacuum Booster Hoee Routing • 6.0L L89 
and 5.7L L98 · 

BRAKE PEDAL MOUNTING 
Refer to Figure 24 for brake pedal mounting. 

Refer to •specifications• in this section for torque 
specifications. 
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Figure 23 - Vacuum Booster Hose Routing - 5.0L LO3 

[TI BRAKEPEDAL 

I!!) BOOSTER 

~ BRAKE PEDAL BRACKET 

l!!} CWTCH PEDAL 

~ INSTRUMENT PANEL 

a WASHER 

I!!) RETAINER 

[?!] PUSHROD 

~ PIVOTBOLT 

I!!] PIVOTNUT 

~ SLEEVE 

I!!] BUSHING 

~ NUT 

Figure 24 - Brake Pedal Mounting 
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SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

Brake Hose to ~per Bolt (Base) ................................................................... 45 N·n:i (33 Ib. ft.) 
Brake Hoee to Caliper Bolt (Heavy Duty) ....................................................... 40 N·m (30 lb. ft.) 
Brake Hose B~ket Bolt .................................................................................. 11 N ·m (97 lb. in.) 
Brake Peclal Pivot Nut ................................••....•......•.•.......•...•.•......•.. ·-·········~·· 34 N ·m (25 lb. a) 
Booster to ~cdal Bracket Nut ........................................................................... 21 N·m (15 lb. ft.) 
Master ~linder to Booster Nut ....................................................................... 27 · N ·m (20 lb. ft.) 
Brake Pipe ....................................................... .................................................. 15 N • m (11 lb. ft.) 
Caliper Mounting Bolts 

Base Front Caliper .... :···························· .................. ~ .................................... SO N ·m (37 lb. ft.~ 
Heavy Duty Front Caliper Brack.et .......................................................... 185 N·m (137 Ib. ft. 
Rear Caliper Guide Pin (}lex Head) ............................................................ 35 N ·m 86 lb. ft. 
Rear Caliper Guide Pin (Allen Head) .......................................................... 22 N ·m 16 lb. ft.) 
Rear Caliper Bracket ................... ......... ............................ .... ......................... 95 N • m O lb. ft.) 
Pivot Pin Nut ................................................................................................ 22 N ·m. (16 lb. ft.) 

Bleeder Valve . . . 
Base Front Caliper ........ .................. ................................................... ......... 13 N • m (115 lb. in.) 
Heavy Duty Front Caliper ............................................................................. 9 N •m (80 lb: in.) 
Rear Caliper .................................................................................................... 9 N ·m (80 lb. in.) 
Wheel Cylinder ............................................................................................... 6 N ·m (53 lb. in.) 

Parking Brake Control Assembly to Floor Pan Bolt ...................................... 10 N·m (89 lb. in.) 
Backing Plate to Axle Housing Nut ................................................................. 58 N·m (45 lb. ft.) 
Junction Block to Rear Axle Bolt .................................................................... 27 N·m (20 lb. ft.) 
Inlet Tube Nut .................................................................................................. 17 N·m (13 lb. ft.) 
Anchor 'Pin Nut.: ................................................................................................ 140 N·m (103 lb. ft.) 
Master Cylinder to Coltlbination Valve Pipes .................................................. 23 N·m (17 lb. ft.) 

BRAKE SPECIFICATIONS 

BRAKE PEDAL TRAVEL (DISC/DRUM) (Nominal) ........................... '7.00 mm (2.250 in.) 

Brake pedal travel maximum with 445 N (100 lbs.) force 
applied to pedal with ignition •opp• and vacuum asmt depleted. 

BRAKE DRUMS 
Inside Diameter ................................................................................................. 241.00 mm (9.5 in.) 
Maximum Rebore Diameter .......................................................................... 242.81 mm (9.56 in.) 
*Discard Diameter ......................................................................................... • 243.59 mm (9.59 in.) 
Runout .............................................................................................................. 0.15 mm (0.006 in.) 
BRAKE ROTORS 
Front Disc B~ Rotor (Base) 

Rotor Diameter (Nominal) ........................................................................ 267.00 mm (10.5 in.l 
:Lateral Runout ............................................................................................. 0.13 mm (0.005 in. 
Thickness Variation .................................................................................. 0.013 mm (0.0005 in. 
Rotor Thickness (Maxim.um) ....................................................................... 26.5 mm (1.043 in.) 
Minimum Thickness After Refinish .......................................................... 24.84 mm (0.980 in.) 
*Discard Thicb.ess ...................................................................................... 24.5 mm (0.965 in.) 

Front Disc Brake Rotor (Heavy Duty) 
Rotor Diameter (Nominal) .................................................................... 305.00 mm (12.000 in.) 
Lateral Runout ............................................................................................. 0.13 mm (0.OOS in.) 
Thickness Variation .................................................................................. 0.013 mm (0.0005 in.) 
Rotor Thickness (Maximum) ..................................................................... 26.50 mm (1.043 in.) 
Minimum Thickness After Refinish .......................................................... 24.89 mm (0.980 in.) 
*Discard Thickness ........ ................................ .............. .............................. 24.50 mm (0. 965 in.) 

Rear Disc Brake Rotor (Nominal) 
Rotor Diameter .......................................................................................... 296.00 mm (11.5 in.) 
I.atcral Runout ............................................................................................. 0.13 mm (0.005 in.) 
Thickness Variation ...................................................................................... 20.2 mm (0.795 in.) 
Rotor Thickness (Maximum) ....................................................................... 18.9 mm (0.744 in.) 

*Discard Thickness .......................................................................................... 18.4 mm (0.724 in.) 



• All brake dtums and rotors have a discard dimension cast 
into them. This is a wear dimension and not a refinish dimension. 
Any drum or rotor which dqes not meet the specification should 
be replaced. 

MASTER CYLINDER BORE DIAMETER 
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Disc/Drllm ....••......•..•.•.•.. ....•.....•.•••••.•••....••••.......•....•.•............. ...........•...... 24.00 mm (0.945 in.) 
Disc/Disc ...................................................................................................... 2S.40 mm (1.00 in.) 

FRONT CALIPER BORE DIAMETER 
Ba,se Caliper ·························································-···························-·····--···· 64.00 mm (2.52. in.) 
Heavy Duty Caliper (Each Piston Bore) ....................................................... 38.0 mm (1.50' in.) 

REAR CALIPER BORE DIAMETER ........................................................... 40.5 mm (1.60 in.) 
WHEEL CYLINDER BORE DIAMETER ................................................ 19.00 mm (0.748 in.) 
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SPECIAL TOOLS 
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SECTION 5A3 

COMPOSITE MASTER ·CYLINDER 
The following •Notice" applies to one or more steps in the assembly procedure of com,poilents in this portion 

of the manual as indicated at appropriate locations by the terminology: "NOTICE: See "Notice• on page 5A3-1 
of this section." 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 

CONTENTS 
General Description ...................................... ... SAJ-1 
On-Vehicle Service ........................... _...... .......... SAJ-1 

Master Cylinder A§embly .......................... SAJ-1 

GENERAL DESCRIPTION 
This master cylinder is a composite design 

(plastic reservoir and aluminum body) incorporating a 
conventional front to rear l>rake system split. The 
primary piston provides the t1uid pressure to the front 
brakes, while the secondary piston provides the fluid 
pressure to the rear brakes. If pressure is lost from 
either system, the remaining system will function to 
stop the vehicle. 

A quick take-up feature provides a large volume 
of fluid to the wheel brakes at low pressure with initial 
brake apply. The low pressure fluid quickly provides 
the displacement requirements created by the seal 
retraction of the pistons into the front calipers. 

[I]1mpartant 
- Replace all components included in repair kits 

used to service this master cylinder. 
- Lubricate rubber parts with clean brake fluid to 

ease assembly. 
- Do not use lubricated shop air on brake parts as 

damage to rubber components may result. 
- If any hydraulic component is removed or 

disconnected, it may be neces.ury to bleed all or 
part of the brake system. 

- The torque values specified are for dry, 
unlubricated fasteners. 

- Perform service operations on a clean bench free 
from all mineral oil materials. 

ON-VEHICLE SERVICE 
MASTER CYLINDER ASSEMBLY 
F"rgum 1 and 2 

E3 Remove ar Dlscannact 

1. Brake pipes (14). 
• Plug open brake pipes (14) to prevent fluid 

loss and contamination. 

Unit Repair ...................................................... SA3-l 
Master Cylinder Overhaul ........................... SAJ-1 
Master Cylinder Reservoir ........................... · SA3-3 

2. Two attaching nuts (15). 
3. Master cylinder (13). 

E3 Install or Connect 

I. Master Cylinder (13). 

NOTICE: See Notice on page 5A3- l of this 
section. 

2. Two attaching nuts (15). 

,~, Tighten 

• Two attaching nuts (15) to 27 N·m (20 lb. 
ft.). 

• Fill master cylinder reservoir (3) to the proper 
level with clean brake fluid. 

• Bleed hydraulic brake system. Refer to 
GENERAL BRAKES (SEC. 5). 

UNIT REPAIR 
MASTER CYLINDER OVERHAUL 
Figuru 1 and 2 

~ Dilusamble 

[I] Important -

• Reservoir cover (1) and cliaphrapi (2) can 
be inspected and/or serviced without 
removing the master cylinder (13) from the 
vehicle. · 

• Do not remove the quick take-up valve from 
the cylinder body (12). 'Ibis valve cannot be· 
serviced. 

• Remove master cylinder from the vehicle. Refer 
to •Master Cylinder Assembly" in this section. 

1. Reservoir cover (1) and diaphragm (2) ftom 
reservoir (3). 



IA3-2 COMPOSITE MASTER CYLINDER. 

0 QUICK TAKE-uPVAlVE 
CNOT SERVICEABLE 

fi] COVER 

II] DIAPHRAGM 

0 RESERVOIR 

0 GROMMET 

0 LOCICRING 

[!] PRIMARY PISTON 
ASSEMBLY 

(I] SECOND~ SEA:L . 

[!] SPRING RETAINER 

[!] PRIMARY SEAL 

~ SECONDARY PISTON 

ffi] SPRING 

IT!] CYUNDER BODY 

Figure 1 - Composite Master Cylinder Component 

1, 
fi!] MASTERCYUNDER 

~ IIRMEPIPE 

l!!] NUT 

Figure 2 - Master Cylinder Replacement 

• Wipe reservoir cover (1) clean before 
removing. 

• Empty fluid from reservoir (3) if master cylinder 
(13) is to be completely removed and 
overhauled). 

NOTICE: Take care not to damage the piston, 
bore or retainer groove during lock ring removal. 

2. Lock ring (5) while depressing primary piston 
assembly (6). 

3. Primary piston assembiy (6), secondaey piston 
(10), spring (11) and spring ~er (8). 

• To remove parts. apply low pressure dJy 
compressed air into the outlet port near the 
closed end of the bore with the other outlet 
port plugged. 

4. Secondary seal (7), primary seal (9) and spring 
retainer (8) from the secondary piston (10). 

~ Clean 
• All parts in clean, denatured alcohol 
• Dry with unlubricated compressed air. 



• Abrasives should not be 1l8ed in master cylinder 
bore. 

~lnapect 

• Rcse:rvoir cover (1) and diaphragm (2) for cuts, 
cracks, "nicks and deformation. 

• Master cylinder bore for scoring or corrosion. H 
noted, replace ma.ste,r cylinder (13). 

• Replace damaged parts. 

·Ii) Auembl1 

• Lubricate rubber parts with clean brake fluid to 
ease asembly. 

1. Lubricated secondary seal (7), primary seal (9) 
and spring retainer (8) onto secondary piston 
(10). 

2. Spring (11) and wembled secondary seal (7), 
primary seal (9), spring retainer (8) and 
secondary piston (10) into cylinder bore. 

3. Lubricated primary piston assembly (6) into 
cylinder bore. 

4. Lock ring (5) while deprasina primary piston 
assembly (6). 

S. Diaphragm. (2) into cover (1). 
6. Diaphragm. (2) and cover (1) onto reservoir (3). 
• Install master cylinder. Refer to •Master 

Cylinder Assembly• in this ac:ction. 

MASTER CYLINDER RESERVOIR 
Figures 3 and 4 

~ Dlllaemble 
• Remove and disassemble master cylinder. Refer 

to •Master Cylinder Overhaul• in this section. 

NOTICE: Do not clamp housing area of master 
cylinder body (12) in vise or the part may be 
damaged. 

• Camp the flange of the master cylinder body (12) 
inavise. 

1. Resc:rvoir (3) from grommets (4), using a pry bar. 
2. Reservoir grommets ( 4) from cylinder body (12). 

Im CfNn 
• Reservoir (3) with clean denatured alcohol. 

COMPOSITE MASTER CYLINDER &A3-3 

• Dry with unlubricated comprased air. 

IL!J tnspect 

• Reservoir (3) for cracks or deformation. Replace 
reservoir (3) if any damage ii found. 

0 PRYBAR 

0 RESERVOIR 

E!) CYLINDER BODY 

Figure 3 • Removing Reaervolr 

Ii) Allemble 

• Lubricate new grommets (4) and reservoir flanges 
with clean brake fluid. 

1. Lubricated grommets (4) into cylinder body (12). 
• Make sure grommets (4) are properly 

seated. 
2. Reservoir (3) into cylinder body (12) and 

grommets (4), using a rocking motion. 
• Assemble and install maatc:r cylinder. Refer to 

•Master Cylinder Overhaul• in this section. 

0 RESERVOIR 

0 GROMMET 

~ CYLINDER BODY 

Figure 4 - lnstalllng RHervoir 
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SECTION 581 

DISC BRAKE CALIPER ASSEMBLY 
3000/3100 SERIES 

The following 'Notice' applia to one or more steps in the usembly 1,rocedure of components in this portion 
of the manual u indicated at appropriate locations by the terminology: NOTICE: See 'Notice' on page 5B1-1 
of this section.• 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they are 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the comet 
part number fastener is not available. a fastener of equal size and strength (or strooser) may be used. Fasteners 
that are not reused, and those requiring thread Jocking compound will called out. The couect torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could n:sult. 

. CONTENTS 
General Description ......................................... SB 1-1 
On-V c:hicle Service ........................................... SB 1-1 

Calipa- Asaielnbly ························-················ 5B1-1 
GENERAL DESCRIPTION 

1'hQ, caliper has a single bore and is mounted to 
the suwart bracket with two mounting bolts. 
Hydraulic pressure. cn:ated -'~ applying the brake 
pedal, is converted by the caliper to a stopping force. 
This force acts equally against the piston and the 
bottom of the caliper bore to move the piston outward 
and to move (slide) the caliper inward resulting in 
clamping action on the rotor. This clam.ping action 
forces the linings against the rotor, creating friction to 
stop the vehicle. 

CAUTION: When servicing brake 
parts, do not create dust by grinding, 
sanding brake linings. or by cleaning 
brake part.a with a dry bruah or with 
compressed air. Many brake parts 
contain asbestos fibers which can 
become airborne if dust I• created 
during servicing. Breathing dust 
containing aabestoa fibers may cauae 
serious bodily harm. A water 
dampened cloth or water based 
solution ahould be uaed to remove any 
dust on brake parts. Equipment is 
commercially available to perform this 
washing function. These wet methods 
will prevent asbestos fibers from 
becoming. airborne. 

[TI Important 

- Replace all components included in repair kits 
used to service this master cylinder. 

- Lubricate rubber parts with clean brake fluid to 
ease assembly. 

- Do not use lubricated shop air on brake parts as 
damage to rubber components may n:suft. 

- If any hydraulic component is removed or 
disconnected, it may be necessary to bleed all or 
part of the brake system. 

Shoe and Lining Assemblies ........................ 5Bl-3 
Unit Repair .•. .. .. . . . . ••.. ... ... .... .... .•... ....• ....... .. .. ..... SB 1-4 

Calipa- Overhaul ................. - ....................... 5Bl-4 

- Replace shoe and linings in ule sets only. 
-- The torque values specified are for dry, 

unlubricated fasteners. 
- Perform service operations on a clean beach free 

from all mineral oil materials. 

ON-VEHICLE SERVICE 

CALIPER ASSEMBLY 
Ffgu,. 1 through B 

Ef Remove or Disconnect 

1. Two-thirds of the bnke fluid from the master 
cylinder. 

• Raise and suitably support the vehicle. 
Refer to GENERAL -INFORMATION 
(SEC. OA). 

2. Wheel and tire. llefer to TIRF.S AND WHEELS 
(SEC. 3E). 
• Mark the relationship of the wheel to the 

hub. 
• R.einstall two wheel nuts to retain the rotor 

(17). 
• Bottom piston (10) into the caliper bore using a 

Cclamp (F°lgUl'e 2). 
• Position the C-clamp over the outboard 

shoe and lining (S) and the caliper housing 
(13). 

rn Important 

• If removing caliper assembly bnke only to 
access other brake parts, skip step 3. 

• If brake hose (16) is disconnected, caliper 
must be bled during installation. 
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EJ MOUNTING BOLT 

[!] SLEEVE 

(I] BUSHING 

[!] BUSHING 

0 OUTBOARD SHOE AND UNING 

[!] INBOARD SHOE AND LINING 

(TI WEAR SENSOR 

[!] SHOE RETAINER ~ING 

[!] IOOT 

~ PISTON 

ffi] PISTON SEAL 

E!) BLEEDER VALVE 

G!) CALIPER HOUSING 

Agure 1 - -Front Caliper Aaembly Components 

3. Bolt (14), ~per washers, and inlet fittinJ (15) 
from the caliper housing (13), if removing the 
caliper assembly entirely from the vehicle. 

• Plug the openings in the inlet fitting (15) 
and caliper h9using (13) to prevent fluid 
loss and contamination. 

4. Mounting bolts (1) and the sleeves (2). 

S. Caliper assembly from the rotor (17) and bracket 
(18). 

• If the caliper asaembly is not being removed 
from the vehicle for unit repair, suspend it 
from the front suspension using a locally 
fabricated wire hook (Figure 4). 

IL!]lnapect 
- Mounting bolts (1) and the sleeves (2) for 

corrosion. 
- If corrosion is found, use new parts, 

including buahinp (3 and 4) when installing 
caliper. 

- Do not .attempt to polish away corrosion. 

E3 Install or Connect 

NOTICE: See "Notice" on page SBl-1 of this section for steps 3 and 4. 

• Lubricate sleeves (2) and bushings (3 and 4) with 
silicone grease. · 

I. Sleeves (2) into the caliper housing (13). 

2. Caliper assembly onto rotor (17) and bracket 
(18). 

3. Mounting bolts (1). 

Ill Tighten 
• Bolts to 51 N•m (38 lb. ft.). 

1111 Measure 
• Clearance between the caliper housing (13) 

and the stops on the bracket (18) (Figure 5). 
Clearance should be 0.13 to 0.30mm (0.005 
to 0.012-inch). 



• If necessary, remove the caliper assembly 
· and tile the ends of the stops on the bracket 

(18) to provide proper clearance. 
4. Bolt (14), new copper washers, and inlet fitting 

(IS) to the caliper housing (13), if removed. 

~ Tighten 
• Bolt (14) to 45 N•m (33 Jb. ft.) 

5. Wheel and tire. Refer to TIRF.S AND WHEELS 
(SEC. 3E). 
• Remove the wheel nuts securing the rotor 

(17). 
• Align the marks on the wheel and hub. 

• Lower the vehicle. 
• Fill the master cylinder to the proper level. Refer 

to GENERAL BRAKES (SBC. 5). 
• If inlet fitting (15) was removed, bleed the 

caliper. Refer to GENERAL BRAKES 
(SEC~ 5). 

0 C-CLAMP 

0 OUTBOARD SHOE AND LINING 

~ CALIPER HOUSING 

Figure 2 - Compreqing Caliper Piston 

E] MOUNTING BOLT~ 

E!] CALIPER HOUSING 

~ BOLT ~~fl 
E!J 1NLETAmNG 

E!] BRAKEHOSE 

Figure 3 - Caliper Attachment 
p 

DISC BRAKE CALIPER ASSEMBLY llf-3 

~ CALIPER HOUSING 

@] ROTOR 

Figure 4 • Suspending Caliper 
., ...... 

~ CALIPER HOUSING 

[!!] BRACKET 

Figure 5 - Caliper Hou1ing to Bracket Clearance 

SHOE AND LINING ASSEMBLIES 
Figures I throu,h 10 

E3 Remove or DIICOl'lnact 

1. Caliper assembly. Refer to •Caliper As.wnbly• in 
this section. 

2. Outboard_ shoe and lining (5). 
3. Inboard shoe and lining (6). 

· 4. Jhisbings (3 and 4) from the grooves in the caliper 
housing (13). 

5. Shoe retainer spring (8) from the inboard· shoe 
and lining (6). 

E3 lnstaR or Connect 

NOTICE: See •Notice" on page 5B1-1 of this 
section. 

• Lubricate new bushings (3 and 4) and sleeves (2) 
with silicone grease. 

1. Bushings (3 and 4) into the grooves in the caliper 
housing (13). 

2. Shoe retainer spring (8) on the inboard shoe and 
lining (6). 

3. Inboard shoe &J;ld lining (6). 
- Snap the shoe retainer spring (8) into the 

piston (10). 
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0 stEEVE 

0 BUSHING 0 WEAR SENSOR 

0 BUSHING [!] SHOE.RETAINER 

[!] OUTBOARD SHOE AND SPRING 
LINING ~ CALIPER HOUSING 

(I] INBOARD SHOE AND 
LINING 1 

Figure 6 • Shoe and Unlrilf RepJacment 

- The wear sensor (7) should be at the leading 
edge of the inboard shoe and lining (6) 
during forward wheel rotation. 

- The inboard shoe and lining (6) must lay flat 
apinst the piston (10). 

4. Outboard shoe and lining (5). 
- The back of the outboard shoe and lining (5) 

must lay flat against the caliper housing 
(13). 

S. Caliper assembly. Rderto •Caliper Assembly• in 
this secti8D. 

• Apply approximately 778 N (175 lb.) of force to 
the brake pedal ,~ times to seat the linings. 

• Position a pair of ~el lock pliers over the 
outboatd brake shoe ears and the bottom edge of 
the caliper housing (13) (Figure 10). While a 
helper holds a moderate force on the brake pedal. 
clinch the outboard brake shoe ears to the caliper 
housing (13). 

UNIT REPAIR' 
CALIPER OVERHAUL 
F/gu,w 11 thiough, 1 Ii 

Tool Required: 
J 26267 Boot Seal Installer 

B3 Dllauemble 

• Remove the caliper assembly coinpletely from the 
vehicle. Refer to • Caliper Assembly• in this 
section. 

[!] INBOARD SHOE AND 
LINING 

[!] SHOERETA.INER 
SPRING 

Figure 7 • 'Inboard Shoe Retafner Spring Location 

[!] SHOE RETAINER [!] INBOARD SHOE AND SPRING 
LINING r:::, l!!J CALIPER HOUSING IT] WEARS~R ., ....... 

Figure 8 • Installing Inboard Shoe and Uning 

[!] OUTBOARD SHOE AND LINING 

E!) CALIPER HOUSING ., ....... 
Figure 9 • Installing Outboard Shoe and Lining 

CAUTION: Do not place fingers In 
front of the piston in an attempt to 
catch or protect It when applying 
compressed air. Thia could 'rHult In 
aarious Injury. 



0 CHANN~
1

LOCK PUERS' 

~ - CALIPER HOUSING 

Rgure 10 - Clinching Procedure 

NOTICE: Use clean shop towels to pad the 
interior of the caliper housing during piston 
removal. 

1. Pist9J1 (10) from the caliper housing (13). 
• Apply compressed air to the caliper housing 

inlet hole (Figure ~). 
2. Boot (9) from the caliper housing (13). 

NOTICE: Do not use a metal tool to remove the 
piston seal from the caliper housing bore. Using a 
metal tool may damage the caliper bore or seal 
groove. 

3. Piston seal (11) from the caliper housing (13). 
• Use a small wood or plastic tool 

4. Bleeder valve (12) from the caliper housing (13). 

~ Clean 
• All parts in clean. denatured alcohol. 
• Dry with unlubricated compressed air. 
• Blow out all passages in caliper housing (13) and 

bleeder valve (12). 

[L!I Inspect 

• Piston (10) for scoring, nicks, corrosion. and 
wom or damaged chrome plating. 
- Replace piston if any of the above are found. 

• Caliper bore and seal groove for scoring, nicks, 
corrosion. and wear. 
- Use crocus cloth to polish out light 

corrosion. 
- Replace caliper housing if corrosion in and 

around seal groove will not clean up with 
crocus cloth. 

DISC BRAKE CALIPER ASSEMBLY &B1-5 

11:J Assemble 
NOTICE: See •Notice• on page SBl-1 of this 
section. 

• Lubricate all rubber parts with clean brake fluid. 
1. Bleeder valve (12) into the caliper housing (13). 

~ Tighten 

• Bleeder valve (12) to 13 N·m (10 lb. ft.) 
2. Piston seal (11) into the bore groove of the caliper 

housing (13). 
- Make sure the piston seal (11) is not twisted. 

3. Boot (9) onto the piston (10). 
4. Piston (10) with assembled boot (9) into the bore 

of the caliper housing (13). 
- Push the piston (10) to the bottom of the 

caliper housing bore. 
• Seat boot (9) into the countcrbore of the caliper 

housing (13) using I 26267 (Figure lS). 
• Install caliper assembly. Refer to •Caliper 

Assembly• in this section. 

E!] CALIPER HOUSING 
K 11-1■ 1-11-RP 

Rgure 11 - Removing Caliper Piston 
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SEAL GROOVE 

BOOT E!J BLEEDER 
VALVE 

PISTON @ CAUPERHOUSING 

PISTON SEAL 
l(CD0t2-a■t P 

Agure 1 2 - Caliper Disassembly 

[!] BOOT 

~ PISTON 

Figure 14 - Installing Boot Onto Piston 
p 

CALIPER HOUSING 
COOIN■t-MIP 

Figure 13 - Removing Boot 

0 PLASTIC MALLET 

~ CALIPER HOUSING 

Figure 16 - Seating Boot Into Caliper Housing 
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SECTION 582 

FRONT PAD-GUIDED DISC BRAKE CALIPER 
ASSEMBLY 

CAUTION: When servicing brake parts,. do not create dust by. grinding, sanding brake 
linings, or by clMning brake parts with a dry brush or compressed air. Many brake parts contain 
asbestos fibers which can 'become airborne If dust la created during servicing. Breathing dust 
containing asbeatoa fibers may ~use serious ~dily har:m. A water dampened cloth or water 
based solution should be used to remove any dust on brake parts. Equipment is commercially 
available to ,perform this washing function .. Th- wet methods wlll prevent asbestos fibers 
from becoming airborne. 

The following •Notice" applies to one or more steps in the assembly .P,rocedure of components in this portion 
of the manual as indicated at appropriate locations by the terminology: NOTICE: See "Notice" on page SB2-1 
of this section.• 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they are 
removed. If.a fastener ~eeds to~ replaced, use the correct ~art number fastener for that application. If the correct 
part number fastener 11 not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread .locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 

CONTENTS 
General Descrip.tion ......................................... SB2-1 
On-Vehicle Service ........................................... SB2-l 

Caliper Assembly ................ ....•....... .••........•.. SB2-1 
Shoe and Lining Assemblies ........................ SB2-2 

GENERAL DESCRIPTION 
This caliper has dual pistons in an aluminum 

housing which is suspended on the shoe and lining 
assemblies. Hydraulic pressure. created by applying 
force to the brake pedal, acts equally against the 
pistons and the bottom of the caJiper piston bores to 
move the pistons outward and to slide the caliper 
inward, resulting in a clamping action on the rotor. 
This clamping action forces the linings against the 
rotor, creating friction to stop the vehicle. 

NOTICE: Do not use lubricated compressed air 
on brake parts as damage to rubber components 
may result. 

[[) Important 
- Replace all components included in repair kits 

used to service this caliper. 
Lubricate rubber parts with clean brake fluid to 
make assembly easier. 
If any hydraulic component .is removed ar 
disconnected, it may be necessary to bleed all or 
part of the brake system. 
Replace shoe and lining assemblies in axle sets 
only. 
The torque values specified are for dry, 
unlubricated fasteners. 

Caliper Mounting Bracket ............................ 5B2-3 
Unit Rei,a.ir ........................................................ 5B2-4 

.Caliper Overhaul •.. ... ... . ......................... ....... SB2-4 

- Perform service operations on a clean bench, free 
from all mineral oil materials. 

ON-VEHICLE SERVICE 
CALIPER ASSEMBLY 
Figurn 1 through 7 

E3 Remove or Disconnect 
1. Two-thirds of the brake fluid from the master 

cylinder. 
• Raise and suitably support the vehicle. 

Refer to GENERAL INFORMATION 
(SEC. OA). 

• Mark the relationship of the wheel to the 
bub. 

2. Wheel and tire. Refer to TIRES AND WHEELS 
(SEC. 3E). 

3. Bolt (13), two gaskets (14) and inlet fitting (lS) 
only if caliper 'housing (3) is being removed from 
the vehicle for overhaul. 
• Plug openipp in caliper housing (3) and 

inlet fitting (15) to prevent fluid Joss and 
contamination. 

• Discard the two gaskets (14). 
4. Circlip (11) and retainer pin (7). 
5. Caliper housing (3) from rotor (16) and mounting 

bracket (10). 
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[I] 11.EEOERVALVECAP 
1 

[II Bl.EEDER VALVE / 
4 

[!] CALIPER HOUSING '---
0 SEAL ~ 
[!] CALIPER PISTON 

(!] BOOT 

0 RETAINERPIN 

II) INBOARD SHOE AND LINING ASSEMBLY 

(!] OUTBOARD SHOE AND LINING ASSEMBL V 

~ BRACKET 

ffi] CIRCUP 

fi!l BIAS SPRING 

Figure 1 - Front Caliper Assembly Components 

• If only the inboard and outboard shoe and 
lining assemblies (8 and 9} arc being 
repl~ suspend the caliper from the front 
suspension to avoid damaging the brake 
hose. 

E3 Install or Connect 
NOTICE: See "'Notice"' on page 5B2-I of this 
section for steps 2 and 3. 

l. Caliper housing (3) over rotor (16) and onto 
mounting bracket (10). 
• Make sure that guiding surfaces on the 

inboard and outboard shoe and lining 
assemblies (8 and 9) and mounting bracket 
(10) are seated correctly. 

2. New retainer pin (7) and new circlip. (11). 
• Press caliper housing (3) ·down to compress 

bias springs ( 12). 
• Slide retainer pin (7) into position and 

install circlip (11). 
3. lnl~t fitting (15), two new gaskets (14) and bolt 

(l3), if removed. 

lil Tighten 

• Inlet fitting n 5) to 40 N • m (30 lb. ft.). 
• If inlet fitting (ts) was removed, bleed brakes. 

Refer to GENERAL BRAKES (SEC. 5). 
4. Wheel and tire. Refer to TIRES AND WHEELS 

(SEC. 3E). 
• Align previous marks on wheel and hub. 

• Lower the vehicle. 

• With engine running, pump brake pedal slowly 
and firmly three times to seat linings. 

1i•11n,pect 
• Brake system for fluid leaks. 

SHOE AND LINING ASSEMBLIES 

Figum 1 through 7 a Remove or Disconnect 
1. Caliper. Refer to 'Caliper Assembly"" in this 

section. 

2. Bottom caliper pistons (5), using' .C-clamp, or 
pliers. 

• Position C-clamp or pliers over caliper 
housing (3) and center of inboard shoe and 
lining 1We111bly {8). 

• Squeeze pliers or tighten C-elamp to 
compress caliper pistons (5) into bores. 

3. Inboard and outboard shoe and lining assemblies 
(8 and 9). 

~ CINn 
• AU residue from the mounting bracket and 

caliper shoe contact surfaces. 
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E3 Install or Connect 

rn Important 
- Outboard shoe and lining assembly (9) with 

insulator is installed in the caliper housing 
(3). The outboard shoe and lining assembly 
(8) with wear sensor is pressed into the 
caliper pistons (5). : 

- Replace the inboard and outboard shoe and 
lining assemblies (8 and 9) in sets of four. 

1. Inboard and outboard shoe and lining assemblies 
(8 and 9). 
• Push in firmly until flush and fQ]ly seated in 

caliper housing (3). 
• Make sure that the lining surfaces remain 

free of grease and oil. 
2. Caliper. Refer to •Caliper Assembly" in this 

section. 

I' 

0 CALIPER HOUSING ~=:::--:::aa 
@] BOLT 

B GASKET 

~ INLET FITTING 

K 2-ll■Z.F-RP 

Figure 2 - Removing Inlet Fitting (Typical) 

0 CALIPER HOUSING 

0 RETAINERPIN 

l!:!) CIRCUP 

KCOOO 1■2-F-IIP' 

Figure 3 - Removing Circllp 

CALIPER MOUNTING BRACKET 

Figure I 

E3 Ramova or Disconnect 

1. Caliper. Refer to •Caliper Assembly" in this 
section. 

0 CALIPER HOUSING 

0 RETAINER PIN 

KC0004,&a2.f.llP' 

Figure 4 - Removing Retainer Pin 

0 CALIPER HOUSING 

~ BRACKET 

~ ROTOR 

. 

16 

d 
Figure 5 • Removing Caliper 

rn Important 
• Remove mounting bracket (10) only if it is 

damaged or if rotor (16) is being removed 
for refinishing or other service operations. 

2. Two bracket mounting bolts (18) and washers 
(19). 

3. Mounting bracket (10) from knuckle (20). 

~ Clean 
• All bolt adhesive residue from mounting bracket 

and knuckle mating surfaces. 

E3 ln1tall or Connect 
1. Mounting bracket (10) to knuckle (20). 

NOTICE: See "Notice" on page 5B2-1 of this 
section. 

2. Two bracket mounting bolts (18) and washers 
(19). 
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0 CALIPER HOUSING 

[!] INBOARD SHOE ANO LINING ASSEMBLY 

xcooc,a.s■ IIP 

Figure 8 - Compressing Caliper Pistons 

0 CALIPER HOUSING 

[!] INBOARD SHOE AND LINING AS.SEMBLY 

0 OUTBOARD SHOE AND LINING ASSEMBLY 

~ BIAS SPRING 

Figure 7 - Shoe and Lining Assemblies 

• Coat threads of mounting bolts (18) with 
thread adhesive. 

l~I Tighten 
• Two bracket mounting bolts (18) to 185 

N·m (137 lb. ft.). 

• Recheck torque on both bolts ( 18) 
immediately. 

• Allow adhesive on bracket bolts (1-8) to cure 
for two hours before moving vehicle. 

3. Caliper. Refer to "Caliper ·Asse¢bly" in this 
scct1on. 

UNIT REPAIR 
CALIPER OVERHAUL 
Rgu,w 1, Sand 10 

~ DilUllfflble 

• Remove shoe and lining assemblies. Refer to 
"Shoe and Lining Assemblies" in this section. 

CAUTION: Do not place fingers in 
front of the pistons in an attempt to 
catch or protect them when applying 
compressed air. This could .result in 
serious injury. 

NOTICE: To prevent damage, be careful when 
handling piston. 

1. Caliper pistons (5) by directing compressed air 
into the brake hose port of the caliper housing (3). 

[I] Important 

- Use clean shop towels to pad the interior of 
the caliper housing (3) during piston 
removal. 

- Be careful not to damage port or washer 
scaling face on the caliper housing (3). 

- If caliper pistons (5) do not come out at the 
same time, remove piston boot (6) from the 
empty cylinder and install the extract_ed 
caliper piston (S) into the caliper bore far 
enough to seal. Install a spacer to hold 
extracted caliper piston (5) in position. Use 
compressed air to remove the other caliper 
piston (.5). as described above. 

2. Piston boots (6). 

NOTICE: Do not use a metal tool to remove 
piston seals. Metal tools may damage caliper bores 
or seal grooves. 

3. Piston seals ( 4). 
• Use a small wood or plastic tool. 

4. Bleeder valve cap (1) and bleeder valve (2). 

f L•I Inspect _ 
1. Caliper pistons (S) for scoring. nicks, corrosion 

and wear. Replace caliper pistons (5) if any of the 
above are found. 

2. Caliper bores and seal grooves for scoring and 
corrosion. If badly scored or corroded around the 
seal area, replace the caliper housing (3). 

3. Mounting bracket guide surfaces for corrosion 
and wear. Remove and replace, if necessary. 
Refer to •catiper Mounting -Bracket" in this 
section. 
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~ BRACKET 

l!!J ROTOR 

E!] BOLT 

(!!] WASHER 

~ KNUCKLE 

Figure 8 - Caliper Mounting Bracket 

~ Clean 
• Residue from mounting bracket shoe contact 

surfaces. 
• All parts not included in the repair kit with 

denatured alcohol. 
• Dry with filtered, unlubricated compressed air. 
• Blow out all passages in caliper housing (3) and 

bleeder valve (2). 

~ Auemble 

NOTICE: See "Notice" on page 5B2-1 of this 
section. 

1. Bleeder valve cap (1) and bleeder valve (2). 

l~I Tighten 
• Bleeder valve (2) to 9 N·m (80 lb. in.). 

• Lubricate new piston seals (4) and caliper bore 
seal grooves with silicone grease or brake fluid. 

2. New seals (4) into caliper bore seal grooves. 
• Make sure·seals (4) are not twisted. 

• Lubricate caliper bores and caliper pistons (5) 
with brake fluid. 

3. Boot (6) and caliper piston (5). 
• Install the boot (6) over the end of the 

caliper piston (5) so that the fold will face 
outboard as shown in Figure 10. 

• Scat boot (6) into caliper bore groove and 
slide caliper piston (5) into caliper bore. 

• Push down caliper piston (5), by hand, to 
the bottom of the caliper bore. 

• Make sure that boot (6) is properly seated 
into the piston groove and into groove in 
caliper bore. 

• Repeat step 3 for the remaining caliper 
piston (5). 

4. Shoe and lining assemblies. Refer to .. Shoe and 
Lining Assemblies" in this section. 

0 SHOPTOWEL 

0 CALIPER HOUSING 

II: 

Figure 9 - Removing Caliper Pistons 
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0 CALIPER PISTON 

[!] BOOT 

Figure 10 - Installing Piston Boot 
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SECTION 583 

REAR DISC BRAKE CALIPER ASSEMBLY 
CAUTION: When servicing brake parts, do not create dust by grinding, sanding brake · 

linings. or by cleaning brake parts with a dry bruah or compreuad air. Many brake parts contain 
aabesto• fiber■ which can become airborne if dullt i• created during Mrvlclng. Breathing duat 
containing asbestos fibers may cause serious bodily harm. A water dampened cloth or water 
baaed aolution should be used to remove any dust on brake parts. Equipment I■ commarclally 
available to perform thla washing function. Th•• wet methods wlll prevent asbestoa_ fiber■ 
from becoming airborne. 

The following •Notice• applies to one or more steps in the assembly procedure of components in this portion 
of the manual u indicated at appropriate locations by the terminology: •NOTICE: See •Notice• on page SB3-1 
of thia section.• 

NOTICE: When futeners arc removed, always reinstall them at the same location from which they were . 
removed. If a futem:r needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Futen.ers 
that are not reused, and those requiring thread locking compound will be called out. The correct torque valQC must 
be used when installing fasten.en that require it. If the above conditions are not followed, parts or system damage 
could result. 

CONTENTS 
General Description ........... , ............................. 5B3-1 
On-Vehicle Service ··········-··············· .. ···· ........... 5B3-1 

Shoe and Lining Assemblies ........................ SBJ-1 
Caliper Assembly .......................................... 5B34 
Caliper Mounting Bracket ............................ 583-S 

GENERAL DESCRIPTION 
This caliper has a single piston in an aluminum 

housing which is SV!pended in the mounting bracket on 
two guide pins. Hydraulic pressure, created by 
applying force to the brake pedal. acts equally against 
the piston and the bottom of the caliper bore to move 
the piston outward and to slide the caliper inward 
resulting in a clamping action on the rotor. This 
~g action forces the linings against the rotor 
creating friction to stop the vehicle. When the parking 
brake is applied, the lever on the caliper causes the 
pushrod, actuating collar and clamp rod assembly to 
be moved outward and the caliper to slide inward, 
mechanically forcing the linings against the rotor. 
Parking brake application is completely independent of 
the hydraulic braking system. 

NOTICE: Do not use lubricated compressed air 
on brake parts as damage to rubber components 
may result. 

[I] lmpor1Bnt 

- Replace all components included in repair kits 
Uled-to service thia caliper. 

- Lubricate rubber parts with clean brake fluid to 
make assembly easier. 

- If any hydraulic component is removed or 
disconnected, it may be necessary to bleed all or 

-part of the brake system. 

Parking Brake Free-Travel 
Adjustment ................................. ............... SB3-6 

Parking Brake Cable Adjustment ................ SB3-7 
Unit R.epair ....................................................... SB3-8 

Caliper Overhaul .......................................... SB3-8 

- Replace shoe and linings in axle sets only. 

- The torque values specified are for dry, 
unlubricated fasteners. 

- Perform service operations on a clean bench, free 
from all mineral oil materials. 

ON-VEHICLE SERVICE 
SHOE AND LINING ASSEMBLIES 

FlgurN 1 through 5 

l++I R1rnove or Dllconnect 
1. Two-thirds of the brake fluid from the master 

cylinder reservoir. 
• Raise and suitably support the vehicle. Refer to 

GENERAL INFORMATION (SEC. OA). 

• Mark relationship of wheel to axle flange. 
2. Wheel and tire. Refer to TIRP.S AND WHEELS 

(SEC. 3E). 

• Install two wheel nuts to retain rotor (39). 

• Position a C-clamp and tighten until piston (19) 
bottoms in base of caliper housing (14) (F'18Uff! 2). 

• Make sure one end of Cclamp rests on inlet 
fitting bolt (32) and the other end against 
the outboard shoe and lining assembly (30). 
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~ SEAL 

II] SPRAGCLIP 

0 PIVOTPIN 

0 SPRING 

0 ~ 
26 

LEVER PISTON 

[!] BlEEDER VALVE ~ BOOT 

0 Bt.EEDER VALVE CAP !ill RETAINER 

[!] BRACKET ~ PUSHROD 

0 BOLT ~ PRELOAD SPRING 

[!!] ADJUSTER SCREW ~ ACTUATING COLLAR 

[!!] NUT e!1 BOOT 

@] BOLT e!1 RETIJRN SPRING 

~ CALIPER HOUSING e!] BUSHING 

E!l GUIDE PIN e!1 CLAMPROD 

I!!] BOOT ~ INBOARD SHOE AND LINING ASSEMBLY 

@:I BRACKET ~ OUTBOARD SHOE AND LINING ASSEMBLY 

fi!] SEAl eTI RETAINER 
ICC0001-IIIU-II"' 

Figure 1 - Rear Disc Brake Caliper Assembly Components 



0 C-a.AMP 

@ CALIPER HOUSING 

E!] BRACKET 
" Figure 2 - Compressing Piston 

[l] Important 

• It is not necessary to remove the parking 
brake caliper lever retmn spring (4) to 
replace the shoe and lining ISlelllblies (29 
md3oi · 

3. Upper caliper guide pin bolt (13). 
• Discard bolt (13). 

4. Shoe and lining assemblies (29 and 30). 
• Rotate the caliper housing about the lower 

caliper mounting bolt (9) 1111d guide pin (15). 
Be careful not to strain bole or cable 
conduit. . 

• Lift out inboard and outboard shoe and 
lining wemblies (29 and 30). 

~ Clean 
• All residue from shoe guide surfaces on mounting 

bracket (17) and caliper housing (14). 

IL!J 1napect 
• Guide pins (15) ror free movement in mounting 

bracket (17). 
• Replace guide pins (15) or boota (16) if 

corroded or damapd. See •Caliper 
Assembly• in this section. 

B lllltlll GI' Connect . 

1. New shoe and lining aaemblies (29 and 30) on 
mounting bracket (17). . 
• Outboard shoe and lining assembly (30) 

with insulator (40) is installed toward the 
caliper housing (14), the inboard shoe and 
lining asaembly (29) with the wear sensor 
(41) is installed DaRSC the caliper piston 
(19). 

• Wear 1e1110r (41) must be in the trailin1 
position with forward wheel rotation. If not, 
use the other inboard shoe and lining 
usanbty (29) in the replacement kit. 

• Replace shoe and lining as.,emblies (29 and 
30) in sets of four. 
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[!!] BOLT 

l!!) CALIPER HOUSING 

[!!I GUIDE PIN 

fill 8"ACKET 

e!) INBOARD SHOE AND LINING ASSEMBLY 

~ OUTBOARD SHOE AND LINING ASSEMBLY 

~ ROTOR 

Figure 3 - Shoe and Unlng Replacement 

• Rotate the caliper housing (14) into ha operating 
position. 
• Sprinp on the outboard shoe and linillg 

usemblies (30) must not stick through the 
inspection hole in the caliper housing (14). 
If springs are sticking through the 
inspection hole in the caliper housing (14), 
6ft caliper housing (14) and make the 
necessary cmrectiom to the outboard shoe 
and-lining usembty positions. 

NOTICE: See •Nonce• on page SB3-t' iJf this 
section. 

2. New upper caliper guide pin bolt (13). 

Ill Tighten 
• Upper caliper guide pin bolt(13) to 3S N·m 

(26 lb. ft.). . 
• Lower caliper guide pin bolt (9) to 22 N • m 

(16 lb. ft.). . 
• With engine · nmaing. pum_P the brake pedal 

slowly and &rmly to scat lininp. 
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II] BOLT 

§j BOLT 

~ CALIPER HOUSING 

[ill GUIDE PIN 

II!] BOOT 

[ill BRACKl:T 

e'!) INBOARD SHOE AND LINING ASSEMBLY 

~ OUTBOARD SHOE AND LINING ASSEMILY 

~ INSULATOR 

~ WEAR SENSOR 

Agure 4 • Rur caJlper Auembly 

~ IIIIPICt 
• Catiper parking brake lmn (5) to make 

sure they ue against the stops on the caliper 
houaing (14). 

• If 1even (5) ue not on their stope, 
refer to GBNERAL BRAKES (SEC. 
5) for perkiq brake linbae repairs. 

3 •. Wheel and tire. Refer to TIRES AND WHEELS 
(SBC. 3E). 

• Remove nuts securm, rotor (39). 

• Align previous · marks on wheel and u1e 
flange. 

• Lower vehicle. 

• Fill master cylinde,t' raervoin. Refer to 
GENERAL BRAKES (SEC. 5). 

(!!I CALIPER HOUSING 

§I BOLT 

~ INLET FITTING 

~ GASXl:T 

Figure 6 - Removing Inlet Fitting 

CALIPER ASSEMBLY 
Figura 1 through I 

El RIIIICM or DilconlllCt 
• Raise and suitably support the vehicle. Rder to 

GENERAL INFORMATION (SEC. OA). 
• Loosen parking brake cable at eqaalim'. R.c:fer to 

GENERAL BRAKES (SEC. 5). 
1. Wheel and tire. Refer to TJRP.S AND WHBBLS 

(SBC. 3E). 
• Marlt relatiomhip of wheel to u1e flange. 
• Install two wheel nuts to retain rotdr (39). 

2. Bolt (32), inlet fitting (33) and two psketa (34) 
only if caliper ia being rancmd for overhaul. 
• Discard olci gaskets (34). 
• Plug hole in caliper hOU8Ul8 (14) and inlet 

fitting (33). 
3. Caliper lever return sprin, (4) onl:,_ if ~e. 

• Discard spring if coi1a ue opened. 
4. ~ brake cable (35) from caliper lever (5) 

and caliper bncbt (8). 
5. Two caliper guide pin bolts (9 and 13). 
6. Caliper homing (14) from rotor (39) and 

mounting bracket (17). 
• If caliper overhaul or replacement is not n:quired, 

Jiang caliper housiq (14) from SuapellllOD to 
avoid damage to brake hose. 

7. Shoe and lining Ulelllblies (29 and 30) only if 
they arc being replaced or it mOUDting bracket 
(17) ia being removed. 
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0 LEVER 

0 BRACKET 

~ CALIPER HOUSING 
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Figure 6 - Parking Brake Cable Attachment 

l!J 1nspect 

• Guide pins (15) for free movement in mounting 
bracket ( 17). Replace guide pins (lS) or boots 
(16) if corroded, worn or damaged. 

• Shoe and lining assemblies (29 and 30) for wear 
and rnaxirn\J.m taper of 0.15 mm (0.006 inch). 

• Replace shoe and lining assemblies (29 and 30) in 
sets of four. 

• Replace with new shoe and lining assemblies (29 
and 30) if they are tapered beyond specification. 

EJ lnltall or Connect 

NOTICE: Sec •Nouce• on page 5B3-1 of this 
section for steps 3 and 6. 

1. Shoe and lining assemblies (29. and 30), if 
removed. 
• Outboard shoe and lining assembly (30) 

with insulator ( 40) is installed toward the 
caliper housing (14), the inboard shoe and 
lining assembly (29) with the wear sensor 
(41) is installed nearest the caliper piston 
(19). -

• Wear sensor (41) must be in the trailing 
position with forward wheel rotation. If not, 
use the other inboard shoe and lining 
assembly (29) in the replacement kit. 

2. Caliper housing (14) over rotor (39) and into 
mounting bracket (17). 

3. Two caliper guide pin bolts (9 and 13). 
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~ Tighten 

• Upper caliper guide pin bolt (13) to 35 N • m 
(25 lb. ft.). 

• Lower caliper guide pin bolt (9) to 22 N ·m 
(16 lb. ft.). -

4. Parking brake cable (35) to caliper bracket (8) 
and caliper lever (5). 

5. Caliper lever return spring (4), if removed. 
6. If removed, inlet fitting (33), two new gaskets (34) 

and bolt (32). 

Ill righten 

• Bolt (32) to 40 N·m (30 lb. ft.). 

• Hinlet fitting was removed, bleed hydraulic brake 
system. Refer to GENERAL BRAKES (SEC. S). 

~ Adjust 

• Parking brake free travel if caliper was 
overhauled. Refer to •Parking Brake 
Free-Travel Adjustment• in this section. 

• Parking brake cables. Refer to •Parking 
Brake Cable Adjustment• in this section. 

• Release parking brake. 

IL•) inspect 
• Caliper parking brake levers (S) to make 

sure they are against the stops on the caliper 
housing (14). If levers (5) are not on their 
stops, refer to GENERAL B~ (SEC. 
S) f'or parking brake linkage repairs. 

7. Wheel and tires. Refer to TIRES AND 
WHEELS (SEC. 3E). 
• Remove nuts securing rotor (39). 
• Align previous marks on wheel and axle 

flange. 

• Lower the vehicle. 
• With engine running, pump the brake pedal 

slowly and firmly three times to seat linings. 
• Check brake hydraulic system for leaks. 

CALIPER MOUNTING BRACKET 

Flgurt 1 

E3 Remove or Disconnect _ 
1. Caliper assembly. Refer to "Caliper Auembly" in 

this section. -rn Important 
• Remove mounting bracket (17) only if it is 

damaged or if rotor (39) is being remo".ed 
for refinishing or other service operations. 

2. Two bracket mounting bolts (36) and washers 
(37). 
• Discard bolts (36). 

3. Mounting bracket (17) from mounting plate (38). 
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l!!l AOTOR 

Flgure 7 - Caliper-Mountln9, Bracket 

~ Cl11n 

• All bait adhesive residue from connecting 
surfaces OD the mounting bracket ( 17) and 
mounting plate (38). 

E3 Install or Connect 
l. ~unting bracket (17) to mounting plate (38). 

NOTICE: See •Notice• OD page 5B3-1 of this 
section. 

2. Two new bracket mounting bolts (36) and 
washers (37). 

B?J Tighten 
• Two bracket mounting bolts (36) to 9S N •m 

(70 lb. ft.). 
• Recheck torque on both bolts 

immediately. 
• Allow bolt adhesive to dry for two hours before 

driving the vehicle. 
3. ~assembly. Refer to •Caliper Assembly• in 

this section. 

PARKING B"AKE FREE-TRAVEL ADJUSTMENT 
Figures 

Ill Adjust 

The adjustment process requires a second penon 
to apply a light brake pedal load. Lever free-travel is 

set by the position of the adjuster screw (11). Turning'· 
the adjuste:r screw (11) clockwise increases the 
fiee-travel; turning the adjuster screw (11) 
counterclockwise decreases the free.travel. · 

NOTICE: Shoe and lining assemblies must be new 
or parallel to within 0.15 mm (0.006 inch). Parking 
brake adjustment is not valid with heavily tai,ered 
pads and may cause caliper/parking brake 
binding. 

II] Important 

• Inspect the old ihoe and limns assemblies 
and replace with new if they are tapered. 

• Parking brake free.travel should only be 
made if the caliper has been taken apart. 

• This adjustment will not correct a condition 
where caliper levers (5) will not return to 
their stops. . 

1. Have an assistant apply a light bnake pedal load, 
cnougb to stop the rotor from turning by hand. 
• This takes up all clearances and ensures that 

components are correctly aligned. 
2. Apply light pressure to caliper lever (S) (Figur,e 

8). ' 

ltll Measure 
• Pree-travel between caliper lever (S) and 

caliper housing (14). 
• Free-travel must be 0.6 mm to 0.7 mm 

(0.024 to 0.028 inch). 
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K p 

Figure 8 - Parking Brake Free-Travel Adjustment 

3. If free-travel is incorrect, do the following: 
• Remove adjuster screw (11). 
• Clean thread adhesive residue from threads. 
• Coat threads with adhesive. 
• Screw in the adjuster screw (11) far enough 

to obtain 0.6·mm to 0.7 mm (0.024 to 0.028 
inch) free-travel between caliper lever (S) 
and caliper housing (14). 

4. Have assistant release brake pedal, then apply 
brake pedal firmly three times. 

5. Recheck free-travel as descn'bed in st.ep 1 and 
adjust as neces..,ary. 

PARKING BRAKE CABLE ADJUSTMENT 
Figure I 

1. Apply service brake pedal three times with a 
pedal force of approximately 778 N (175 lb.). 

2. Apply and release parking brake three times. 
3. Raise vehicle and suitably support. Refer to 

GENERAL INFORMATION (SEC. OA). 
• Mark relationship of wheel to axle flange. 

4. Check parking brake band lever for full release. 
• Tum engine control switch •oN•. 
• 'BRAKE" warning lamp should be off. If 

'BRAKE• warning lamp is still on, and the 
parking brake hand lever is completely 
released, pull downward on the front 
parking brake cable to remove slack from 
lever assembly. 

• Tum engine control switch "OFF". 
5. Remove rear wheels and tires. Refer to TIRES 

AND WHEELS (SEC. 3E). 
• Reinstall two wheel nuts to retain rotor. 

6. Parking brake levers (5) on both ~pen sh~uld 
be against the lever stops on the caliper housmgs. 
If levers are not against stops. check for binding 
in rear cables and/or loosen cables at equalizer 
adjusting nut until both left and right levers (S) 
are against their stops. 

7. Adjust equalizer adjusting nut until parking 
brake leven (!i) on both calipers just begin to 
move off of their stops. 

8. Back off adjuster nut until levers (5) move back, 
barely touching their stops. 
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9. Operate parking brake band lever several times to 
check adjustment 
• After cable adjustment, the parking brake 

hand lever should travel no more than 16 
ratchet clicks. 

• Rear wheels should not tum forward when 
the parking brake hand lever is applied 12 
to 16 ratchet clicks. 

10. Release parking brake hand lever. 
• Both rear wheels must tum freely in both 

directions. 
• Parking brake levers (5) on both calipers 

should be resting on their stops. 
11. Install wheels and tires. Refer to TIRF.s AND 

WHEELS (SEC. 3E). 
• Remove wheel nuts securing rotor to axle 

flange. 
• Align locating marks on wheel and axle 

flange. . 
12. Lower the vehicle. 

UNIT REPAIR 
CALIPER OVERHAUL 
Figum 9 through 11 

~ Disassemble 

• Remove caliper assembly. Refer to • Caliper 
Assembly• in this section. 

1. Two collar return springs (26) from. actuating 
collar (24). 

2. Actuating collar (24) with assembled parts. 
• Firmly but gently pull the actuating collar 

(24) with assembled parts out of the caliper 
housing (14) by pulling on both ends of the 
actuating collar (24). 

3. Clamp rod (28) and compliance bushing (27) 
from actuating collar (24). 

• Discard compliance bushing (27). 
4. Boot retainers (21 and 31), two boots (20 and 25) 

and pushrod (22) from actuating collar (24). 
• Bend back ~er tabs and take apart. 
• Discard retainers (21 and 31) and boots (20 

and 25). .' 
S. Preload spring (23) from retainer (31). 

CAUTION: Do not . place fingers in 
front of the piston In an attempt to 
catch or protect It when applying 
compreased air. The piston can fly out 
with force and could result in serious 
i_njury. 

[I] Important 

• Use clean shop towels to pad the inside of 
the caliper housing (14) during piston (19) 
removal. 

NOTICE: To prevent damage, be careful when 
handling piston. 

6. Piston (19) by directing compressed air into the 
brake hose port of the caliper housing (14). 

IL•l lnspact 
• Piston (19) for scoring,·nicks, corrosion and. 

wear. 
• Replace piston (19) if necessary. 

NOTICE: Do not use a metal tool to remove 
piston seal. M~ tools may damage the caliper 
housing bore or the seal groove. 

7. Piston seal (18). 
• Use a small wood or plastic tool 

8. Bleeder valve cap (7) and bleeder valve (6). 
• Discard bleeder valve cap (7). 

9. Caliper lever pivot pin seal (1), sprag clip (2), 
spring (4) and caliper lever (5) from pivot pin (3). 

• Discard sprag clip (2). 

IL!] lllll)lct 

• Contact points on lever (S) and pivot pin (3) 
for wear and corrosion. 
• Replace, if necessary. 

10. Pivot pin (3) and nut (12), if worn. 
11. Adjuster screw (11) from. caliper housing (14). 

• Discard if damaged or worn. 

IL-I Inspect 
• Caliper mounting bracket (17) for wear and 

damage. 
• Replace, if necessary. Refer to,. 

• Caliper Mounting Bracket' in this 
section. 

~ Clean 
• Shoe contact area on mounting bracket 

(17). 
12. Two pide pins (15) and boots (16) from 

mounting bracket (17). 

l!;z) Clean 
• All parts not included in the repm kit in 

denatured alcohol 
• Use dry filtered compressed air to dry parts. 
• Blow out all passages in the caliper housing (14) 

and bleeder valve (6). 

IL!] Inspect 

• Caliper housing bore for scoring and corrosion. 
Replace caliper housing (14) if badly -scored or 
corroded around the seal area. 

ltl Aasamble 
NOTICE: See •Notice• on page 5B3-1 of this 
section for steps 8 and 9. 

• Lubricate new piston seal · (18) and calipc1 
housing (14) bore seal groove with silicone gre&se'
or clean brake fluid. 

1. New piston seal (18) into caliper housing seal 
groove. 
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Figure 9 - Rear Caliper Assembly Components 
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Figure 10 - Removing Caliper Piston 

• Make sure seal (18) is not twisted. 
• Lubricate the bore of the caliper housing (14) and 

the caliper piston (19) with clean brake fluid. 
2. Caliper piston (19) into the bore of the caliper 

housing. 
• Push down. by hand to the bottom of the 

bore. 

IL!J 1n1pact 

• Actuating collar (24) and clamp rod (28) for 
corrosion and excessive wear on the 
working faces. 
• _. If corrosion or excessive wear is 

present, replace the actuating collar 
assembly. 

3. Pushrod (22), new boots (20 and 25) and new 
retainers (21 and 31) to actuating collar (24). 
• tightly coat actuating collar (24) with 

liquid lubricant provided in the repair kit. 
Do not use any other fluid or grease. 

• Clamp retainers (21 and 31) firmly against 
the actuating ~llar (24). 

• Bend tabs on retainer (21) to hold assembly 
together. 

4. Prcload spring (23) into boot retainers (21 and 
31). 

S. Clamp rod (28) to actuating collar (24) and boot 
(25). 
• Lightly coat clamp rod (28) with liquid 

lubricant provided in repair kit. 

• Slide clamp rod (28) through holes in boot 
(25) and actuating collar (24). 

• Boot (2S) must be against the reaction plate 
on the clamp rod (28). 

6. New compliance bushing (27) to clamp rod (28). 
• Lubricate the outside of the bushing with 

the providc4 lubricant. 
7. Clamp rod (28) with assembled part, into the 

connecting hole in the caliper piston (19). 
• Lubricate the grooved bead of the inner 

boot (20) and the boot groove in the caliper 
housing (14) with provided lubricant. Use 
the remainder of liquid lubricant to coat the 
actuating collar (24), especially around the 
center hole. 

• Push clamp rod (28) firmly to the bottom: of 
the connecting hole in the piston (19). 

• Pull on the actuating collar (24) and seat 
inner boot (20) into the boot groove in the 
caliper housing (14). · _ 

• Make sure that pushrod (22) enten the hole 
in the caliper housing (14). 

8. New bleeder valve cap (7) and bleeder valve (6) 
into caliper housing (14). 

l~I Tighten 
• Bleeder valve (6) to 9 N·m (80 lb. in.). 

9. Pivot pin (3) and new nut (12) to caliper housing 
(14), if removed. 

l~I Tighten 
• Pivot pin nut (12) to 22 N ·m (16 lb. ft.). 

• Lubricate caliper parking brake lever (S) and 
pivot pin (3) with the grease prowled in the 
repair kit. 

10. Pivot pin seal (D, caliper parking brake lever (5), 
new sprag clip (2) and spring ( 4), in that order. 
• Teeth of sprag clip must face away from 

lever. 
• Snap pivot pin seal cap over pivot pin (3). 

11. Two collar return springs (26) to retainer (31). 
• Retainer (31) must enter return springs (26) 

at the end of the second coil. 
12. Adjuster screw (11) into caliper housing (14) 

until actuating collar (24) is about parallel to the 
piston bore face of the caliper housing (14) . . 

13. New guide pin boots (16) and guide pins (15). 
• Lubricate the two guide pins (15) with the 

grease provided in the repair kit. . · 
• Slide boots (16) on guide pins (15). 
• Fill boots (16) with the provided grease. 
• Assemble to mounting bracket (17). 
• Make sure boots (16) fit into the grooves of 

the guide pins (15) and mounting bracket 
(17). 

• Install caliper assembly. Refer to •Caliper 
Assembly" in this section. 
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SECTION 5C3 

DIRECT TORQUE DRUM BRAKE ASSEMBLY 
The following •Nouce• applies to one or more steps in the assembly ~ure of components in this portion 

of the manual as indicated at appropriate locations by the terminololJ! NOTICE: See •Notice• on page 5C3-1 
of thia aection.,, 

NOTICE: When fastene:re are .removed. always reinst.all them at the same location from which they were 
removed. If a fastener nccda to be ~ use the correct part number fastener for that application. If the com:ct 
part number is not available, a fastener or equal size and strength (or stronger) may be used. Fasteners that are 
not reused, and those requiring thread.locking compound will be called out. The correct torque value must be used 
when installing futeners that requuc it. If the above conditions are not followed, parts or system damage could 
result. . 

CONTENTS 
Gen.mal Description .......................... ·-········-·· .5C3-l 
On.-Veliic.Je Sea-'vice .•••••.••••••••••••••••••••••••.•.••••••••• 5C3-1 

Brake Components ....................................... S~-1 

Brake Adjus1illlellt ·············-·························· 5C3-3 Parting Brake ·Adjustlnent ........................... Sc:34 

GENERAL DESCRIPTION 
This drum brake asscml,ly is a duo-servo, direct 

torque daign. In the duo-servo brake, the force which 
the wheel cylinder applies to the primary &hoe is 
multiplied by the primary. lining. friction to provide a 
very large fon:e applied to the secondary shoe. With 
the direct torque design, to_rque from the brake shoes 
is tramfem:d directly through the anchor pin to the 
axle flange. Adjustment for both the primary and 
secondary shoe and linings is automatic during revcne 
brake applications. 

CAUTION: When servicing brake 
parts, do not create dust by grinding or 
Nnding brake linings or by cleaning 
wheel brake parts with a dry brush or 
with compraaed air. A water 
dampened cloth ahould be used. Many 
brake parts ccintaln asbestos fibers 
which can become airborne If dust is 
created during servicing. Breathing 
duat containing aabestos fibers may 
cauu urtoua bodily harm. 

[]] Important 

- Replace all components included in repajr kits 
used to service this drum brake. 

- Lubricate parts as specified. 
- Do not use lubricated shop air on brake parts as 

damage to rubber components may result. 
- If any hydraulic component is removed or 

disconnected, it may be necessary to bleed all or 
part of the brake system. 

- Replace shoes and linings in axle sets only. 
- The torque values specified an: for dry, 

unlubricated fasteners. 
- Perform service operations on a clean bench, free 

from all mineral oil materials. 

'Wheel Cylinder .......................... ................... 5C3-5 
Backing Plate •.••• ,_ ........... ~ ••••••••••.•••.•••.•..•.••.•. 5C3-6 

Unit Res>air' ··-··················································· 5-C3-8 Whee[ Cylinder OVerliaul ............................. SCJ..8 

ON-VEHICLE SERVICE 
BRAKE COMPONENTS 
FigutN 1 through 4 

Tools Required: 
J 8049 Brake Spring Remover and Installer. 
1 8051 Brake Spring Pliers a Ramava or DlscaMect 

• Raise and suitably support the vehicle. Refer to 
GENERAL INFORMATION (SEC. OA). 

1. Wheel and tire. Refer to TIRES AND WHEELS 
(SEC. 3E). 
• Mark the relationship of the wheel to the 

uleflange. 
2. Brake drum. 

• Mark the relationship of the drum to the 
axle flange. 

• If you have trouble removing the brake 
drum, try the following: 
• Make sure the parking brake ii 

released. 
• Back off the parking brake cable 

adjustment. Refer to· GENERAL 
BRAKES (SEC S). 

• Remove the adjusting hole cover or 
knockout plate from the baclcing plate 
(26) and back off the adjusting screw 
(17), using ·• screwdriver and a brake 
adjusting tool (Fipre 3). 

• Uac a rubber mallet to tap gently on 
the outer rim of the drum and/or 
around the inner drum diameter by 
the spindle. Take care not to deform 
the drum \)y excc:saive use of force. 

3. Return springs (1 and 2), using J 8049. 
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4. Hold-down springs (3) and hold-down pins (5), 
using suitable pliers. 

5. Lever pivot (4). 
6. Actuator link (6) while lifting up on actuator 

lever (7). 
7. Actuator lever (7) and lever return spring (8). 
8. Shoe guide (9), parking brake strut (10) and strut 

spring (11). 
9. Pmpary shoe and lining (12) and secondary shoe 

and lining (13) from the backing plate (26) and 
parking brake cable. 

10. Adjusting screw assembly (29) and adjusting 
screw spring (14). 

11. Parking brake lever (18) by unhooking lever tab 
from slot in primary shoe and lining (12) or 
secondary shoe and lining (13). 

~ Clean 
1. Adjusting screw assembly (29). 

- Clean adjusting screw threads with a wire 
brush. 

- Wash all components in clean denatured 
alcohol. 

- Apply brake lubricant, part number 
5450032 or equivalent, to the adjusting 
screw threads, inside diameter of socket (15) 
and socket face. 

- Adequate lubrication is achieved when a 
continuous bead of lubricant is at open end · 
of pivot nut {16) and socket (15) when 
threads are fully engaged. 

2. Backing plate (26) and lubricate shoe pads (33) 
with brake lubricant, part number 5450032 or 
equivalent. 

lt!J lnsped 
1. Threads of adjusting screw (17) for smooth 

rotation over full length. 
2. All parts. 

• If any parts are of doubtful strength or 
quality due to discoloration from heat, 
over-stress, or are worn, the parts should be 
replaced. 

E3 Install or Connect 

NOTICE: See •Notice" on page 5C3-l of this 
section. 

1. Parking brake lever (18) by hooking lever tab into 
slot in primary shoe and lining (12) or secondary 
shoe and lining (13). 

2. Adjusting screw assembly (29) and adjusting 
screw spring (14). 

3. Primary shoe and lining (12) and secondary shoe 
and lining (13) to backing plate (26) and parking 
brake cable. 

4. Parking brake strut (10) and strut sprin~ (11) by 
spreading primary shoe and lining (12) and 
secondary shoe and lining (13) apart. For proper 
positioning: 
- The end without the strut spring (11) 

engages the parking brake lever (18) and 
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primary shoe and lining (12) or secondary 
shoe and lining (13). 

- The end with the strut spring (11) engages 
the opposite primary shoe and lining or 
secondary shoe and liriing (13). 

5. Shoe guide (9). 
6. Actuator lever (7) and lever return spring (8). 
7. Hold-down pins (5), lever pivot (4) and 

hold-down springs (3). 
8. Actuator link ( 6) on anchor pin (27). 
9. Actuator link (6) into actuator lever (7) while 

holding up on actuator lever (7). 
10. Return springs (1 and 2), using J 80S7. 

llJ Adjust 

• Brakes. Refer to •Brake Adjustment• hi 
this section. 

11. Brake drum. 
• Align locating marks on drum and axle 

flange. 
12. Wheel and tire. Refer to TIRES AND WHEELS 

(SEC. 3E). 
• Align locating marks on wheel and axle 

flanges. 

fll Adjust 

• Parking brake. Refer to •Parking Brake 
Adjustment" in this section. 

BRAKE ADJUSTMENT 
Rgum 6 and 6 

Tool Required 
J 21177-.A Brake Drum Shoe Gage 

E3 Remove or Disconnect 
• Raise and suitably support the vehicle. Refer to 

GENERAL INFORMATION (SEC 0A). 
1. Wheels and tires. Refer to TIRES AND 

WHEELS (SEC. 3E). 
• Mark the relationship of the wheel · to the 

axle flange. 
2. Brake drums (32). 

• Mark the relationship of the brake drum 
(32) to the axle flange. 

llJ Adjust 

• Brakes. 
• Set J 21177-A so that it contacts the inside 

diameter of the brake drum (32). 
• Position J 21177-A over the primary shoe 

and lining (12) and secondary shoe and 
lining (13). 

• Tum the star wheel on the adjusting screw 
(17) until the primary shoe and lining (12) 
and seconday shoe and linings (13) contact 
J 21177-A. 
• The outside diameter of the primary 

shoe and lining (12) and secondary 
shoe and lining (13) will be 
approxima~ly 1.27mm (0.050 inch) 
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Figure 2 4 Brake Components 

less than the inside diameter of the 
brake drum (32) on each wheel. 

E3 Install or Connect 

1. Brake drums (32). 
• Align locating marks OD brake drum (32) 

and ule flange. 
2. Wheels and tires. Refer to TIRES AND 

WHEELS (SBC. 3E). 
• Align locating marks on wheel and ule 

flange. 
• Lower the vehicle. 
• Make several alternate forward and reverse 

stops, aq,plying firm force · to the brake 
pedal. Repeat until ample pedal reserve is 
built up. 

PARKING BRAKE ADJUSTMENT 
Adjustment of the parking brake cable is 

necessary whenever the rear brake cables have been 
disconnected. Need for parking brake adjustment is 
indicated if the hydraulic brake system operates with 

~ reserve, but the parking brake hand lever travel 
JS less than 13 ratchet clicks or more than 17 ratchet 
clicks. . 

NOTICE: To prevent damage to the threaded 
parking brake adjusting rod when servicing· the 
parking brake, the following is recommended: 

• Before attempting to tum the adjusting nut, clean 
the exposed threads OD each side of the nut. 

• Lubricate the threads of the adjusting rod before 
turning the nut. 

~ Adjuat 
1. Brakes . . Refer to 'Brake Adjustment• in this 

section. 
2. Parking brake. 

• Pull parking brake hand lever exactly two 
ratchet clicks. 

• Raise and suitably support the vehicle. 
Refer to GENERAL-INFORMATION 
(SEC. OA). 
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Figure Ei - Setting Tool to Drum 

• Tighten adjuster nut at equalizer until the 
left rear wheel can be just tu.med rearward 
with two hands, but cannot be turned 
forward. 

• Release parking parking brake. 

- Rear wheels should now turn freely in 
both directions with no brake drag. ' 

- It is very important that perking brake 
cables are not adjusted too tightly 
causing brake drag. 

• Lower the vehicle. 

WHEEL CYLINDER 

FlgurN 7 thmu,h 10 

Tool Required: 

J 29839 Brake Cylinder Retainer Remover 

~ STARWHEB. 

II] PROPER SPRING INSTAUATION 
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l!!] PIVOTNUT 
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Figure 4 ,;. Adjusting Screw Assembly (Typlcal-Left Side Shown) 

•. 
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Figure 8 - Setting Brake 

E3 Remove or Dllcannec:t 

~ Clean 
• Dirt and foreign material around wheel 

cylinder (28) and brake pipe. 
• Raise and suitably support the vehicle. Refer to 

GENER.AL INFORMATION (SEC. OA). 
1. Brake components. Refer to "Brake 

Components" in this section. 
2. Brake pipe from wheel cylinder (28). 

• Plus opening in brake pipe to prevent fluid 
loss and con1amination. 

3. Wheel cylinder .retainer (19), using J 29839 or 
two awls. 
• If using awls, insert into access slots 

between wheel cylinder pilot and lockio.g 
tabl of retainer (19). 

• Bend, both tabs away from the wheel 
cylindc:r (28) at the same time. 

4. Wheel cylinder (28). 

E3 lnttall or Connect 
1. Wheel cylinder (28). 

• Hold in place with a wooden block between 
the wheel cylinder (28) and the we flange. 

2. Wheel cylinder retainer (19) over abutment on 
wheel cylinder (28). 
• Use a 1 1/8-inch, 12 point socket and socket 

extension. 

NOTICE:·· 5ee "Notice•· on -- 5C3-1 of this section. ,._,.. 

3. Brake pipe •t.o wheel cylinder (28). 

mJ Tighten 
• Brake pipe to 15 N •m (11 lb. ft.). 

4. Bleed the wheel cylinder · "(28). R.efcr to 
GENERAL BRAKES (SEC. S). 

• Lower the vehicle. 

~ WHEEL CYLINDER RETAINER 

-e!) WHEEL.CYLINDER 

Figure 7 - Wheel Cylinder Replacement 

BACKING PLATE 

Figure 1 

E3 Remove or Dltconnect 
• Raise and suitably _support the vehicle. llefcr to 

GBNERAL INFORMATION (SEC. OA). 

1. Brake component,. Refer to "Brake 
Components" in this section. 

2. Axle shaft. Refer to REAR AXLE (SEC. 4B). 
3~ Parkins brake cable from backing pJate (26). 

4. Brake pipe from wheel cylinder (28). 

5. Wheel, cylinder. Refer to •Wheel Cylinder" in 
this section. 

6. Backing plate bolta, nuts and washers. 
7. Anchor pin nut and anchor pin (27). 

8. Backing plate (26) from axle tJango. 
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Figure 8 - Removing Wheel Cylinder Retaining Using 
Awls 

8 lnsblll or Connect 
NOTICE: See •Notice• on page SCJ-1 of thia 
section for stepS 2, 3 and' 5. 

1. Backing plate (26) to axle flange. 

2. Bacldng plate bolts, nuts and washers. 

~ Tighten 
• Nuts to S8 N•m (43 lb. ft.). 

3. Anchor pin (27) and nut. 

E!) WHEEL CYLINDER RETAINER 

DIRECT TORQUE DRUM BRAKE ASSEMBLY , &CS-7 

0 SOCKET EXTENSION 

[!) 1-1/81N., 12PT.SOCUT 

Figure 10 - Installing Wheel Cylinder Retainer 

~ llghtln 

• Nut to 140 N ·m (103 lb. ft.). 

4. Wheel cylinder. Refer to •Wheel Cylinder" in 
this section. 

S. Brake pipe to wheel cylinder. 

J29831 

Figure 9 - Removing Wheel Cylinder Retainer Using J 29839 
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~ Tightan 
• Brake pipe to 15 N ·m (11 lb. ft.). 

6. . Parking brake cable to brake backing plate (27). 
• Make sure retainer fingers are seated. 

7. Axle-shaft. Refer to R.EAll AXLB (S~ 4D). 
8. Brake components. Refer to •Bratc 

Components" · in this section. 
• Bleed the hydraulic brake system. Refer to 

GENERAL BRAKES (SEC. S). 

~ Adjlllt 

• Brakes. Refer to •Brate Adjustment• in 
this section. · 

• Parkins brake. Refer to •Parking Brake 
Adjustment• in· this section. 

• Lower the vehicle. 

UNIT REPAIR 
WHEEL.CYLINDER OVERHAUL 
Figu,w 11 

EEi Dlla111111ble 
1. Wheel cylinder completely from vehicle. Refer to 

•Wheel Cylinder• in this section. 
2. Boots (20). 
3. Pistons (21) and seals (22). 
4. Spring assembly (23). 
5. Bleeder valve (24) &om cylinder body (25). 

IL!J1napect 
• Cylinder bore for scoring, nicks, ,corrosion and 

wear. 

~Clean 

• ~ parts in clean denatured alcohol 
• Dey with unlubricated compressed air. 
• Lubricate new seals (22) with clean brake fluid 

~ Allemble 
NOTICE: See •Notice• on page 5C3-l of this 
section. 

1. Bleeder valve (24). 

Ill Tlgbtln 
·• Bleeder valve_ (24) to 6 N ·m (53 lb. in.). 

2. Spring aasembly (23). 
3. Seals (221 ~ (21) and boots (20). 
4. Wheel _cylinder. Refer to 'Wheel Cylinder" in 

this section. . 

~ BOOT 

e!)1 PISTON 

(!!l SEAL 

e!l' SPRING ASSEMBLY 

[~l u.a>ERVALVE 

I!!) CYLINDER BODY 

. Flgute 11 - Wheel Cylinder Component 
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SECTION 5D2 

POWER HEAD ASSEMBLY 

TANDEM DIAPHRAGM 
The following •Notice• applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appi:t)priate locations by the terminology: •NOTICE: See •Notice• on page 5D2-1 
of this section.• 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the C01Tect 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 

CONTENTS 
General Description ......................................... 5D2-1 
On-Vehicle Service ............ ............. ..... ............. 5D2-1 

Booster As.,embly Replacement .................. SD2-1 
Exterior Components ................................... 502-3 

Unit Repair ....................................................... 5D2-3 

GENERAL DESCRIPTION 

This booster is a tandem vacuum suspended unit. 
In a normal operating mode, with the service brakes in 
the released position, the tandem vacuum suspended 
booster operates with vacuum on both sides of its 
diaphragms. When the brakes are applied, air at 
atmospheric pressure is admitted to one side of each 
diaphragm to provide the power assist. When the 
service ~e is released, the atmospheric air is shut off 
from one side of each diaphragm. The air is then drawn 
from the booster through vacuum check valve to the 

. vacuum source. 

[I] Important 

- Replace all components included in repair kits 
used to service this booster. 

- Lubricate rubber parts with silicone grease, 
provided in kits, to ease assembly. 

- Do not use lubricated shop air on brake parts as 
damage to mbber parts may result. 

- If any hydraulic component is removed or 
disconnected, it may be necessary to bleed all or 
part of the brake system. 

- The torque values specified are for dry, 
unlubricated fasteners. 

- Perform service operations on a clean bench free 
from all mineral oil materials. 

Booster Assembly Overhaul ............................ 5D2-3 
Power Piston Group ........................................ 5D2-4 
Power Piston Overhaul ............ ........................ SD2-6 
Gaging Procedure ............................................ SD2-:-8 

ON-VEHICLE SERVICE 
BOOSTER ASSEMBLY REPLACEMENT 
Flguru 1 and 2 

E3 ~•move or Disconnect 
1. Vacuum hose from the vacuum check valve (3). 
2. Master cylinder attaching nuts (37). 
3. Master cylinder (34) from the booster (35). 
4. Booster pushrod (32) from the brake pedal. 
5. Booster a~hing nuts (36) . 
6. Booster (35). 

E3 Install ar Connect 
NOTICE: See •Notice• on page SD2-1 of this 
section for steps 2 and 5. 

1. Booster (35). 
2. Booster attaching nut.a (36). 

,~, Tighten 

• Nuts (36) to 21 N·m (15 lb. ft.). 
3. Booster pushrod (32) to the brake pedal. 
4. Master cylinder (34) to the ~ter (35). 
S. Master cylinder attaching nuts (37). 

~ Tighten 
• Nuts (37) to 27 N·m (20 lb. ft.) 

6. Vacuum hose to the vacuum check valve (3). 
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Figure 1 ~ Tandem Diaphragm Power Head Assembly 
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p 

Figure 2 • Removing Boemer Assembly 

EXTERIOR COMPONENTS 
Flgu,e3 

a Remove ar Dilconnact 
1. Booster. Refer to "Booster Assembly 

Replacement" in this section . 
.I 

2. Boot (1) and the silencer (2). 
3. Vacuum check valve (3) and the groDUDet (4). 
4. Front housing seal (7). 

IL!J 1napect 
• Boot (1) front housing seal (7), and grommets (4) 

for cuta, nicks, and excasive wear. 

~ Clean 
• Boot (1), front housing seal (7), and grommet (4) 

in clean denatured alcohol 
- Dry with unlubricated compreued air. 

E3 11111111 or Connect 
• Lubricate the inside and outside diameters of the 

grommet ( 4) and front housing seal (7) with a thin 
layer of silicone grease. 

1. Grommet (4) and the vacmnn check valve (3). 
2. Front housing seal (7). 
3. Silencer (2) and the boot (1). 
4. Booster. Ref'er to "Booster Assembly 

Replacement " in this section. 

UNIT REPAIR 
BOOSTER ASSEMBLY OVERHAUL 
F/gurN 4 through I 

Tool Required: 
J 22805-01 Vacuum Booster Holder 

Et)o1au1tmble 
• Remove booster from the vehicle. Refer to 

"Booster Assembly Replacement" in this section. 

• Remove exterior components. Refer to "Exterior 
Components" in this section. · 

• Scn"be a mark on the front and rear housings (10 
and 9) to aid in assembly. 

• Unlock staked tabs on the front and rear housings 
(10 and 9). . 

1. Front housing (10) from the rear housing (9). 
• Attach I 22805-01 to the studs on the front 

housing (10). 
• Install I 22805-01, with the booster (35) 

attached, in a vise. 
• Insert a steel bar through the holes on the 

bracket of the rear housing (9). 

NOTICE: Housings are under spring tension. If 
bar is not held firmly, the housing or spring may 
come free and be damaged. Separate housing 
slowly. 

• Presa down on the steel bar and apply a 
force in a counter-clockwise direction to 
unlock and separate the front and rear 
housings (10 and 9). 

2. Return spring (11) from the power piston group 
(38). . 

3. Power piston group (38) from the rear housing 
(9). 
- For power piston group disauanhly 

information, refer to •Power Piston Group• 
in this section. 

4. Primary piston bearing (8) from the rear housing 
(9). 

IL!J 1n1pact 

• Front and rear housing (10 and 9) for corrosion, 
cracks, distortion. and ezcesaive wear. 
- Use crocus cloth to potish away minor 

corrosion. 
• Primary piston ·bearing (8) for cuts and nicks. 
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IT] BOOT 

II] SILENCER 

0 VACUUM CHECK 
VALVE 

0 GROMMET 

0 FRONT HOUSING 
SEAL 

e!} BOOSTER 

Figure 3 • Exterior Components 

~ Clean 
• Front and rear housings (10 and 9) and primary 

piston bearing (8) in clean denatured alcohol 
- Dry with unlubricated compn:ssed air. 

1fJ Aaemblt 
• Lubricate inside and ou1side diameters of the 

primary piston bearing (8) with silicone grease. 
1. Primary piston bearing (8) into the rear housing 

(9). 
2. Power piston group (38) into the rear housing (9). 

- For power piston groun UIICIDbly 
information, refer to •Power Piston Group• 
in this section. 

3. Return spring (11). 
4. Front and rear housings (10 and 9). 

• Attach J 2280S-01 to the studs on housing 
(10). 

• Install I 2280S-Ol with the · front housing 
(10) attached in a vise. 

• Set the ~ rear boosing (9), primary 
piston ~ (8), power piston group (38) 
and return 'sprina (11) on front housing 
(10). 

• Insert the steei bar through the bola in the 
rear housing bracket. 

• Align the scn'be marks on the front and rear 
housinp (10 and 9). 

• Press down on the bar and apply force in a 
clockwise direction to lock the front and 
rear houainp (10 and 9). 

• Auembly can be aided by connecting a 
vacuum source to the booster (3S). 

• Remove J 22805-01 from the studs on the 
front housing (10). 

. • Stab tabl on front and rear housings (10 
and 9) (F"iaurc 6). 
- Stab tabs in two locations 180 depees 

apart. 
- Do not stake a tab that bu previously 

been staked. 

• Install exterior components. Refer to •Exterior 
Components• in this section. 

• Install booster. Refer to "Boost.er Assembly 
Replacement• in thia section. 

0 1 METER (39•J LONG 
STEB.BAR 

I!!) BOOSTER 

Figure 4 • Unfockln~ and Locking Booater 

POWER PISTON GROUP 

Figure 7 through f f 

Tool Required: 

J 28458 Retainer Installer (Power Pliton Seal 
Protector) 

EE) Dillaemble 
• Remove booster from the vehicle. . Refer to 

•Booster AIBembly llep)rmt" in thia secdoa. 

1. Booster. Refer to "Booster Awmbly Overhaul" 
in this section. 

2. Piston rod (12), the reaction retainer (13) and the
power head silencer (14). 

3. Power piston ISIODbly {41) and the pmbrod {32). 



[!] .PRIMARY PISTON 
BEARING 

[!] REAR HOUSING 

[!!I FRONT HOUSING 

fill RETURN SPRING 

e.!) POWER PISTON 
GROUP 

" F.igure 6 - Booster Inner Compon•nts 

• Grasp the assembly at the outside edge of 
the ,liousing divider (19) and the primary 
and secondary diaphragms (16 and 20). 

• Hold with the poahrod (32) down ap.inst a 
hard surface. 

• Use a slight farce or impact to dialodge the 
diaphragm retainer (15). 

4. Primary c:liaphraam (16) and the primary support 
plat.e (17) from the housing divider (19). 

5. Primary diaphragm (16) from the primary 
support plat.e (17). 

6. Secondary diaphragm (20) and the secondary 
support plate (21) from the housing divider (19). 

7. Secondary piston bearing (18) from the housing 
divider (19). 

8. Secondary.· diaP-hragm (20) from the secondary 
support plate (21). 

IL!J lnapect 

• Parts for COl'l'O$ion, . nicks. cracks, scoring, 
distortion, and excessive wear. 
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@] STAKING TAB SOCKET WITH SCREWDRIVER 
K 

Figure 8 • Staking Procedure 

- Use crocus cloth to polish away minor 
corrosion on ~ and secondary 
~rt plates (17 and 21) or housing 
divider (19). 

~Clnn 
• All parts in clean denatured alcohol 

- Do not immerse power piston, (33) and 
~ 2;,) in alcohol Wipe clean only 
with an hol dampened cloth. 

- Dry all parts with unlubricated compn:ssed 
air. 

~ Assemble 
• Lubricate inside diao1eter of secondary 

diaphragm lip, inside diameter of . ' 
diaphraam lip and secondary piston~ 
with a thin layer of silicone grease. 

1. Secondary diaphragm (20) into the secondary 
support plate (21). 
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2. Secondary diaphragm (20) and the support plate 
(21) over the power piston assembly ( 41) and the 
pushrod (32). 
- Use J 28458 as a guide to protect the power 

piston (33). 
3. Secondary piston bearing (18) into the housing 

divider (19) with flat surface of the bearing on the 
same side as the raised lugs on the divider. 

4. Secondary piston bearing (18) and the housinJ 
divider (19) over the power piston assembly (41) . 
and the pushrod (32). 
- Use J 28458 as a guide. 

5. Primary diaphragm· ( 16) into the primary support 
plate (17). · 

6. Primary diaphragm (16) by folding it up, away 
from 'the primary support plate (17). 

7. Primary diaphragm (16) and the support plate 
(17) over the power piston assembly ( 41) and the 
pushrod (32). 

8. Primary diaphragm (16) by folding it back into 
position and pulling the diaphragm outside 
diameter over the formed flange of the housing 
divider (19). · . 
- Check that the beads on the secondary 

diaphragm (20) an: seated evenly all the way 
around. 

9. New diaphragm retainer:,. (15) and seat it using 
J 284S8. 

10. Power head silencer (14), the reaction retainer 
(13), and the piston rod (12). 

11. Booster. Refer to "Booster Overhaul" in this 
section. 

• Install booster. Refer to "Booster Assembly 
Replacement'' in this section. 

POWER PISTON OVERHAUL 
F",gu,.. 12 through 14 

Tool Required: 
J 29282 Air Valve Push Rod Retainer Installer 

~ Diuaemble 

1. Power piston grQup. Refer to •Power Piston 
Group• in this section. 

2. Reaction body ~er (24). 
3. Reaction body (2S). 
4. Reaction disc (22) and the reaction piston (23) 

from the reaction body (2S). 
S. Air valve spring (26) and the reaction bumper 

(27) from the end of pushrod (32). 
6. Retaining ring (28) from the pushrod (32) using 

retaining ring pliers. 
7. Pushrod (32) by inserting a screwdriver through 

the pushrod eyelet and pulling straight out with 
considerable force. 

8. Filter (29) the retainer (30) and the 0-ring (31) 
from the pushrod (32). 

IL!) tnapec:t 
• Power piston (33) for cracks. 
• Rubber parts for cuts or nicks. 

,. ·"1 
I 

\ 
I ~ 
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I I . 

~ I !'j I, 
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[!!I DIAPHRAGM 
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~ PRIMARY 
DIAPHRAGM 

, 

~ PRIMARY SUPPORT 
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(!!] SECONDARY PISTON 
BEARING 

~ HOUSING DMDER 

~ SECONDARY 
DIAPHRAGM 

e:il SECONDARY 
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e!] PUSHROD 

§) POWERPISTON 
ASSEMBLY 

Figure 7 - Power Piston Group 



0 DIAPHRAGM 
UP 

~ SECONDARY 
DIAPHRAGM 

I!!] SECONDARY 
SUPPORT PLATE 

fill POWER PISTON 
ASSEMBLY 

Rgure 8 - Aaembllng Secondary Diaphragm and 
Support Plate. 

r.;, SECONDARY PISTON ~ SECONDARY 
l!!J BEARING DIAPHRAGM 

r.=1 HOUSING DIVIDER ~ POWER PISTON 
l!!.I ASSEMBLY 

Figure 9 - Aaembllng Houalng Divider 
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[!!) PRIMARY ~ SECONDARY 
DIAPHRAGM DIAPHRAGM 

~ PRIMARY SUPPORT EI) POWER PISTON 
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19 HOUSING DIVIDER 

Figure 10 - Aaembllng Primary Diaphragm and Support 
Plate. 

I!!] DIAPHRAGM 
RETAINER 

I!!) PUSHROO 

Figure 11 - Sealing Diaphragm Retainer 

• Pushrod (32) for corrosion. 

~Cltln 
• All parts in clean 'denatured alcohol. 

- Dry with ualubricatcd compreucd air. 

Ii) Auamble 

• Lubricate 0-ring (31) with silicone greue. 
1. Lubricated 0-ring (31) onto the puahrod (32). 
2. Pushrod (32) into the power piston l88elllbly ( 41). 
3. Retainer (30) and seat it using J 29282. 
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4. Fllter (29) over the pushrod eyelet into the power 
piston (41 ). 

s. Ret!"!;.,g ~ ~8) onto the poshrod (32) nsing 
n:taining rmg pliers. 

6. Reaction bumper (27) and the air valve spring 
(26). 

7. Reaction piston (23). and the reaction disc (22) 
into the reaction body (25). 

8. Reaction body (25). 
9. Reaction body retainer (24). 

10. Power piston group. Refer to •Power Piston 
Group• in this section. 

Ill MNlurl 

• Heigh* of piston rod. Refer to •Gaging 
Procedure• in this section. 

0 WBRICATE 

~ REACTION DISC 

e!) REACTION PISTON 

~ REACTION BODY 
RETAINER 

I!!) REACTIOM BODY 

~ AIRYALVESPRING 

l!!l REACTION BUMPER 

e!) RETAINING RiNG 

~ FILTER 

~ RETAINER 

§1 0-RING 

~ PUSHROD 

~ POWER PISTON 

Figure 12 - Power Piston Assembly 

GAGING PROCEDURE 

Fifu,e 16 

Tool Required: 

J 22647 Pushrod Height Gage 

ljJ MeHura 
1. After assembly of booster, position J 22647 over 

piston rod (12). 

~ RETAINER 

EI] POWER PISTON 
ASSEMBLY ICCOi:I 

Figure 13 - Retainer As1embly 

ED POWER PISTON 
ASSEMBLY 

Figure 14 - lnstalllng Retainer Into Platon 



2. If piston rod (12) height is not within GO-NO 
GO limits, me a service-adjustable piston rod (12) 
to obtain correct height. 
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Figure 16 • Gaging Piston Rod 
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SECTION 6 

ENGINE GENERAL INFORMATION AND 
MECHANICAL DIAGNOSIS 

CONTENTS 
Description of Section 6 ..••....•.•...•.....•... ..• .••..•... .. . 6-1 Engine Mechanical Diagnosis ..... ......................... 6-2 
General Information ...•......................................... 6-2 
Engine Performance Diagnosis ...................•........ : 6-2 

Engine Knock Diagnosis .............. ........................ 6-4 
Engine Compression Test ..................................... 6-6 

ALL NEW GENERAL MOTORS VEHICLES ARE CERTIFIED BY THE UNITED STATES 
ENVIRONMENTAL PROTECTION AGENCY AS CONFORMING TO THE REQUIREMENTS OF 
THE REGULATIONS FOR THE CONTROL OF AIR POLLUTION FROM NEW MOTOR VEHICLES. 
THIS CERTIFICATION IS CONTINGENT ON CERTAIN ADJUSTMENTS BEING SET TO 
FACTORY STANDARDS. IN MOST CASES, THESE ADJUSTMENT POINTS EITHER HAVE 
BEEN PERMANENTLY SEALED AND/OR MADE INACCESSIBLE TO PREVENT 
INDISCRIMINATE OR ROUTINE ADJUSTMENT IN THE FIELD. FOR · THIS REASON, THE 
FACTORY PROCEDURE FOR . TEMPORARILY REMOVING PLUGS, CAPS, ETC.. FOR 
PURPOSES OF SERVICING THE PRODUCT MUST BE STRICTLY FOLLOWED AND, 
WHEREVER PRACTICABLE, RETURNED TO THE ORIGINAL INTENT OF THE DESIGN. 

DESCRIPTION OF SECTION 6 

SECTION SA • ENGINE MECHANICAL 

This section contains overhaul procedures, 
removal and replacement procedures, and 
specifications. Specific subsections are: 

6A2 - 2.8 Liter V6 

6A3 - VS Engines 

SECTION 88 • COOLING AND RADIATOR 

Engine cooling system components such as 
radiator, water pump, thermostat, and cooling fan, are 
covered in this section. 

SECTION ec . ENGINE FUEL 

This section contains information on all the parts 
of the fuel system except the carburetor, Items covered 
a.re: fuel tank, fuel pump, fuel filter, and fuel lines. 
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SECTION 8D - ENGINE ELECTRICAL 

Items covered are battery, generator, ~. 
distnbutor, engine wire harness, spark plugs and wires. 

. Ignition system diagnosis will be found in Section 
6El. 

Specific sections are: 

6D - Engine Electrical 

6D 1 - Battery 

6D2 • Cranking System 

6D3 - Charging System 

6D4 - -Ignition System 

605 - Engine Wiring 

SECTION 6E - DRIVEABILITY AND EMISSIONS 
This section covers emission control systam, 

general information and diagnostic procedures which_ 
will lead to repairing performance and drivcability · 

. related problems. Erniwon components are covered, as 
well as removal and replacement procedures. 
Instructions on use of special tools are also given. 
Specific ~ODS are: 

6E - Driveability and Emissions - General 
. Information 
6E2 - Drivcability and Emissions - Fuel Injection 
(TBI) 
6E3 - Driveability and Emissions - Fuel Injection 
(Port) 

SECTION SF - EXHAUST SYSTEM 
This section has . information on all exhaust 

system parts, such as tailpipes, mufflers, · and the 
catalytic converter. 

GENERAL INFORMATION 
CLEANLINESS AND CARE 

An automobile engine is a combination of many 
machined, honed, polished apd lapped surfaces with 
tolerancc:s that are measund m the ten-thousandths of 
an inch. When any internal engine parts are serviced, 
care and cleanliness are important. A liberal coating of 
engine oil should be applied to friction areas during 
assembJy, to protect and lubricate the surfaces on 
initial operation.. Throughout this section, it should be 
understood that proper cleaning and p,utcction of 
machined surfaces and friction areas is part of the 
repair procedure. This is considered standard shop 
practice even if not specifically stated. 

Whenever valve train components are removed 
for service, they should be ~t in order. They should 
be installed in the same locations, and with the same 
mating surfaces! as when removed. 

Battery cables should be disconnected before any 
major work ia pcrf~cd on the enpne. Failure to 
disconnect cables may result in damage to wire harness 
or other electrical ~-

GENERAL INFORMATION ON ENGINE SERVICE 

[i] Important 

1llE FOLLOWING INFORMATION ON 
ENGINE SERVICE SHOULD BE NOTED 

CAREFULLY, AS IT 15 · IMPORTANT IN 
PREVENTING DAMAGE AND IN 
CONTRIBUTING TO RELIABLE ENGINE 
PERFORMANCE. · 

When raising or supporting the engine for any 
reason, do not use a jack under the oil pan. Due to the 
small clearance between the oil pan and the oil pump 
screen, jacking against the oil pan may cause it to be 
bent against the pump screen resulting in a damaged 
oil pick-up unit. 

When working on the engine, remember that the 
12-volt electrical system is capable of causing short 
circuits. When performing any work where electrical 
terminals could possibly be grounded, the ground cable 
of the battery should be disconnected at the battery. 

Any time the air cleaner is removed, the intake 
opening should be covered. Thia wi}! protect apinst 
accidental entrance of foreign material, which could 
follow the intake passage into the c;:ylinder and cause 
extensive damage when the- engine is started. 

IN THE MECHANICAL PROCEDURES 
OF.SCRIBED IN THIS SECflON, GENERALLY 
NO , RBFERENCF.S WILL BB MADE TO 
THE REMOVAL OF OP110NAL EQUIPMENT 
SUCH AS POWER STBBRING PUMP, AIR 
CONDmONING COMPRESSOR, ETC. 

SHOULD IT BECOME NECESSARY TO 
REMOVE ANY SUCH ITEM TO PERFORM 
OTHER SERVICEt REFER TO THE 
APPROPRIATE SECI'ION OF THIS SERVICE 
MANUAL FOR SPECIFIC INFORMATION. 

ENGINE PERFORMANCE DIAGNOSIS 
INTRODUCTION Refer to Section 6E, 6E2 and 6E3. 

cover!i'B/nnc ~~:~~=n.;: P= fur ENGINE MECHANICAL DIAGNOSIS 
diagnosis of any driveability, emissions, or •Service The following diqnostic information coven 
Engine Soon• light complaint. common problems and possible causes. When the 
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proper diagnosit; is made, the · problem should be 
corrected by adjustment. repair of part replacement 

as required. Refer to the appropriate section of the 
manual for these specifications. 

CONDITION 
Excemve Oil Loss 

Low Oil Pressure 

POSSIBLE CAUSE 
L ~temal oil leaks. 

b. Improper reading of 
dipstick. 

c. Improper oil 
viscosity. 

d. Continuous high speed 
driving and/or severe 
usage such as trailer 
hauling. 

e. Crankcase ventila
tion, PCV system 
malfunctioning. 

f. Valve guides and/or 
valve stem seals worn, 
or seals omitted. 
seals. 

g. Piston rings not 
seated, broken or worn. 

h. Piston improperly 
illstalled or misfitted. 

a. Slow idle speed. 

b. Incorrect or mal
functioning oil pres
sure switch. 

c. Incorrect or mal
functioning oil pres
sure gage. 

d. Improper oil vis
cosity or diluted oil. 

CORRECTION 
1. Tighten bolts and/or 
replace pacts and 
seals as necessary. 

I. Check oil with car on a 
level surface and allow 
adequate drain down time. 

1. Use recommended S.A.E. 
viscosity for prevailing 
temperatures. 

1. Continuous high speed 
operation and/or severe 
usage will nonnally cause 
decreased oil mileage. 

1. Service as necessary. 

I. Ream guides and install 
oversize service valves 
and/or new valve stem 

1. Allow adequate time 
for rings to seat. 
2. Replace broken or worn 
rings as necessary. 

1. Replace piston or 
repair as necessary. 

1. Set idle speed to specs. 

1. Replace with proper 
switch 

1. Replace with proper 
gage. 

1. Install oil of proper 
viscosity for expected 
temperature. 
2. Install new oil of 
diluted with moisture oi: 
unburned fuel mixtures. 
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Valve Train Noise 

CONDmON 
Engine knocks cold and 
continues for two to 
three minutes. Knock 
increases with torque. 

e. .Oil pump wom or 
·dirty. 

r. Plugged oil filter. 

I• Oil pickup screen 
loose or plugged. 

h~ · Hole in oil pickup 
tube. 

i. Excessive beating 
· clearance. 

j. Cracked, porous or 
· plugged oil galleys. 

k. Galley plugs missing 
or mis-installed. 

a. Low oil pnssure. 

b. Loose rocker arm 
attachments. 

c. Worn rocker arm 
and/or pushrod. 

d. Broken valve spring. 

e. Sticking valves. 

f. Lifers worn, dirty 
or defective. 

g. Camshaft worn or 
poor machining. 

h. Worn valve guides. 

1. Clean pump and replace 
worn parts as necess&;cy. 

1. Replace filter and oil. 

1. a~ or replace screen 
as necessary. 

1. Replace tube. 

1. Replace as necessary. 

1. Repair or replace 
block. 

1. Install plugs or repair 
as necessary. 

1. Repair as necessary. 
(See diagnosis for low 
oil pressure.) 

1. Inspect and repair 
necessary. 

1. Replace as necessary. 

1. Replace spring. 

1. Free valves. 

1. Clean, inspect test 
and replace as necessary. 

1. Replace camshaft. 

1. Repair as necessary. 

ENGINE KNOCK DIAGNOSIS 

POSSIBLE CAUSE 
a. EFE equipped engines 
may have valve knock. 

b. Flywheel contacting 
splash shield. 

c. Loose or broken 
balancer or drive 
pulJeys. 

CORRECTION 
1: Replace EFE valve. 

1. Reposition splash 
shield. 

1. Tighten or replace as 
necessary. 



Engine bas heavy knock 
hot with torque applied. 

Engine bas light knock 
hot in light load 
conditions. 

Engine knocks on ini
tial start up but only 
lasts a rew seconds. 

Engine knocks at 
idle hot. 

d. Excessive piston to 
bore clearance. 

e. Bent Connecting rod. 

L Broken balancer or 
pulley hub. 

b. Loose torque con
verter bolts. 

c. Exhaust system 
grounded. 

d. Flywheel cracked or 
loose rivets on fly
wheel. 

e. Excemve main bear
ing clearance. 

f. Excessive rod bear
ing clearance. 

L Detonation or spark 
knock. 

b. Loose torque con
verter bolts. 

c. Exhaust leak at 
manifold. 

d. Excessive rod bear
ing clearance. 

a Improper oil 
viscosity. 

b. Hydraulic lifter 
bleed down. 

c. Excessive crankshaft 
end clearance. 

d. Excessive main 
bearing clearance. 

L Compressor or gen
erator bearing. 

b. Valve train. 

GENERAL INFORMA'IJON 1-6 

1. Replace piston. 

1. Replace bent connecting 
rod. 

1. Replace parts as 
necessary. 

1. Tighten bolts. 

1. Reposition aa necessary. 

1. Replace flywheel. 

1. Replace as necessary. 

I. Replace as necessary. 

1. EST or ESC (See 
Section 6D or 6E). 
Check engine timing 
and fuel quality. 

1. Tighten bolts. 

1. Tighten bolts and/or 
replace gasket. 

1. Replace bearings as 
necessary. 

1. Install proper oil 
viscosity ror expected 
temperatures. 

1. Clean, test and replace 
IS necessary. 

1. Replace crankshaft 
thrust bearing. 

1. Replace worn puts. 

1. Replace as necessary. 

1. Replace parts as 
necasary: 
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c. Improper oil vis
cosity. 

1. Install proper Yis
coeity oil for expected 
temperature. 

d. Excessive piston pin 
clearance. 

1. Ream and install over
size pins. 

e. Connecting rod a
lignment. 

f. Insufficient piston 
to bore clearance·. 

g. Loose crankshaft 
balancer. 

1. Check and .replace rods· 
as necessary. 

1. Hone and fit new piston. 

1. Torqure any or re
place worn parts. 

ENGINE COMPRESSION TEST 
COMPRESSION TEST 

[I] Important 

Disconnect the 11BAT . ., terminal from the HEI 
distnl,utor. 

To determine if the valves or pistons are at fault 
a test sh_ould be made to determine . the cyliode; 
compression pressure. When checking cylinder 
compression, the throttle and choke should be open 
all spark plugs removed, and the battery at or near fuli 
charge. The lowest reading cylinder should not be less 
than 70~ of the hiJthest and no cylinder reading 
should be less than 689 kPa (100 psi). 

This should be done with four .,puffs" per 
cylinder. · 

Normal - Compression builds up quickly and 
evenly to specified compression on each cylinder. 

Piston Rings - Compression low on first stroke 
tends to build up ·on following strokes but does not 
reach normal. Improves considerably with addition of 
oil. 

Valves - Low on first stroke does not tend to 
build up on following strokes. Does not improve 
much with addition of oil. 

tJse approximately three squirts from a plunger 
type oiler. 
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SECTION 6A2 

2.8 LITER V-6 
VIN CODE S RPO LBS 

The following •Noace• applies to one or more steps in ~ assembly procedure of components in thia portion 
of the manual as indicated at appropriate locatioa.s by the terminology: •NOTICE: See •Notice• on page 6A2-1 
of this section. . 

NOTICE: When fasteners are removed, always nrimtul them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that applir.ation. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Futcners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when iDstalling fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. · 
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Cylinder Head and Valve 

Off-Vehicle ~ce ..... ~ ....................... 6A2-16 

GENERAL DESCRIPTION 
CONSTRUCTION 

Cylinder Block 

The cylinder block ia made of cut alloy iron and 
has 6 cylinders arranged in a "V" shape with 3 
cylinders in each bank. The cylinder banks are set at 
a 60 degree angle from each other. 

The right bank cylinders are numbers 1, 3, and 5. 
The left bank cylinden arc numbers 2, 4, and 6. 

Four main bearinp support the crankshaft which 
ia retained by bearing caps that are machined with the 
block for proper alignment and clearances. 

Oil Pan ································-•·•-············· ...... 6A2-17 Oil Pump .................................................... 6A2-17 
Oil Pump Overhaul ................................ 6A2-18 . 

Torsion.al. Da.m.pe:I' ................................. ·-··· 6A2-18 
Pistons and Connecting Rods .................... 6A2-18 
Connecting Roel 8iea:rinp ...•...•.•.•..••.......••• 6A2-19 
Piston and Cmnraing Rod 

Off-Vehicle Sier:vice ••••••••••••••••••••.••••••••••••• 6A2-19 
Piston Selection ...................................... 6A2-21 
Piston Rings ........................................... 6A2-21 
Piston Ring Selection ............................. 6A2-22 

Main Bea.rings .............................................. 6A2-22 
Main Bearing Fitting .............................. 6A2-23 

F1ywhee:1 ...•••••••••.•••••••••••.••••••.•.•••••••••••••••.••• 6A2-24 
Manual Trausrnisaoll ............................. 6A2-24 
Automatic Tnmamissic:,n ........................ 6A2-24 
Flywheel BaJauclug ................................ 6A2-24 

Rear Crankshaft Seal ................................. 6A2-24 
Engine Assanbly ........................................ 6A2-2S 

Cylinder mock Service ........................... 6A2-26 
Crankshaft .............•........ ···························· 6A2-26 

Sprocket or Gear Replacement .............. 6A2-27 
1'hread Repair ............................................ 6A2-27 

Specifications .................................................. 6A2-28 
Spec:ial Tools ................................................... 6A2-31 

Cylinder H•d 

The cast alloy iron cylinder heads have individual 
intake and exhaust ports for each cylinder. Valve 
guides arc integral, and rocker arms are retained on 
individual threaded studs. 

Crankshaft ■nd Bearings 

The crankshaft is cut nodular iron with deep 
rolled fillets OD all six cnnkpins and two center main 
journals. Four steel-backed aluminum bearings arc 
used. The number 3 bearing being is the end-thrust 
bearing. 
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Camshaft and Drive 
Th~ camsh&a is cast alloy iron with tapered 13.2 

mm (0.52 inch) wide lobes, offset from the lifters and 
tapered to provide positive valve lifter rotation. The 
camshaft is supported by four journals and includes a 
distnl,utor/oil pump drive gear, and fuel pump 
eccc:ntric. 

A 9.S mm (3/8 inch) pitch chain drives the 
camshaft through a hardened sintered iron ~ket. 
The crankshaft sprocket is also hardened sintered iron, 
and is pressed onto the nose of the crankshaft. A rubber 
snubber is used to dampen chain motion. 

Piltanl and Connecting Rodi 
The pistons are cast aluminum with steel struts 

using two compression rings and one oil control ring. 
The piston pin 11 offset 1.S mm (0.06 inch) towards the 
major thrust side. This allows a gradual change in 
thrust pressure against the cylinder wall as the piston 
travels its path. Pins are chromium steel and have a ·. 
floating fit in the pistons. They are retained in the 
connecting rods by a press fit. 

Connecting rods are made of forged steel. Full 
pressure lubrication is directed to the connecting rods 
by drilled oil passages from the adjaa:nt main bearing 
journal. 

Valve Train 
A very simple ball pivot-type train is used. 

Motion is transmitted from tht! camshaft through the 
hydraulic lifter and push rod to the rocker arm. The 
rocker arm pivots on its ball and transmits the 
camshaft motion to the valve. The rocker arm ball is 
located on a stud, threaded into the head, and is 
retained by a nut. The pusbrod is located by a guide 
plate held UDder the rocker arm stud, assuring that the 
rocker arm operates in. the plane of the valve. 

Intake Manifold 
The intake manifold is a three piece cast 

aluminum unit. It centrally supports a fuel rail with six 
fuel injectors. 

Exhaust Manifolda 
The exhaust manifolds are cast nodular iron. 

ENGINE LUBRICATION 
F/gUIN 1 through 4 

Full pressure lubrication, through a full flow oil 
filter is furnished by a gear type oil pump. Oil is drawn 
up through the pick up screen and tabc and passed 
through the pump to the oil filter._ 

The oil filter is a full flow paper element unit. An 
oil filter by-pass is used to ensure adequate oil supply 
should the filter develop excessive pressure drop. The 
by-pass is designed to open at 69-83 kPa (10-12 psi). 

From the filter, oil is routed to the main oil 
gallery, rifle drilled above the camshaft to the left of the 
camshaft centerline. This gallery supplies the left bank 
hydraulic liften with oil 

From the left gallery, oil is directed by means of 
intersecting passages to the camshaft bearin- and 
right oil gallery. ,:r 

· the hydraulic lifters pum.P. oil up through the 
pushrods to the rocker arms. Oil draining back from 
the rocker arms is directed, by cast dams which are 
part of the crankcase casting, to supply the camshaft 
lobes. . 

The passaacs supplying oil to the camshaft 
bearings also SUDply the crankshaft main bearings 
through intersecting vertical drilled holes. Oil from the 
crankshaft main bearings is supplied to the connecting 
rod bearings by means of intersecting passages drilled 
in the crankshaft. . 

Oil also drams past specific hydraulic lifter flats 
to oil camshaft lobes directly .. 

The front cam bearing has a 0.25 mm (0.010 inch) 
·c1eep slot on its outside diameter to supply oil· to the 
cam sprocket thrust face. 

ON-VEHICLE SERVICE 
SERPENTINE DRIVE BELT 

For information on routing and checking the 
serpentine drive belt tension, refer to COOLING AND 
RADIATOR (SEC. 6B). · 

ENGINE MOUNTS AND BRACKETS 
Figure5 

Engine mounts are the nonadjustable type and 
seldom require service. Broken or deteriorated mounts 
should be replaced immediately. because of the added 
strain placed on other mounts and drive line 
components. 

Checking Engine Mounts 
Front Mount 

Raise the engine to remove weight from the 
mounts and to place a slight tension in "the rubber. 
Observe both mounts while raising engine. If an engine 
mount exln"bits hard rubber smface covered with heat 
check cracks, rubber separated from a metal plate of 
the mount, or rubber split through center, replace the 
mount. If there is relative movement between a metal 
plate of the mount and its attaching points, lower the 
engine on. the mounts and tighten the screws or nuts 
attaching the mount to the engine, frame, or bracket. 

RtarMount 
Raise the vehicle on a hoist. Push up and pull 

down on the transmission tidJsbaft while observing the 
transmission mount. If the rubber ~tes from the 
metal plate of the mount or if the tadsbaft moves up 
but not down (mount bottomed out), replace the 
mount. If there is relative movement between a metal 
plate of the mount and its attaching point, tighten the 
screws or nuts attaching the mount to the transmission 
or crossmemher. 

OIL LEVEL INDICATOR AND GUIDE/TUBE 

Removal 

1. Disconnect negative (-) battery cable. 
2. Remove nut attaching tube with bracket to 

engine. 
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Figure 1 - Engine Lubrication (1 of 4) 
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Figure 2 - Engine Lubrication (2 of 4) 
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Rgure 4 - Engine Lubrication (4 of 4) 
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Figure 6 - Engine Mounting 

3. Remove oil level indicator and guide. 

Clean 

• Tube. 

lnltaladon 
• Apply sealant around the tube appro1iu1ately 

12. 7 mm (l/2-inch) below the bead. 
l. Install oil level indicator and guide tube and 

rotate into position. 
2. Install nut retaining oil level indicator and guide 

tube to the engine. Torque the nut to 37 N ·m (27 
lb. ft.). 

3. Connect the neptive (-) battery cable. 

INTAKE MANIFOLD 
Figur, B 
RlfflOVII 

1. Disconnect negative(-) battery cable. 
2. .. Drain coolant. 
3. llc:f'er to DRJVEABIUTY AND EMISSIONS -

FUEL INJECl1ON (POR.T) (SEC. 6E3) for 
removal of the following PPI sub-asamlblies. 
• Plenum. 
• Fuel rail. 
• R.unner. 

4. Disconnect spark plug wires at spark plugs. 
5. Dilconnect wires at coil 
6. Remove diatn"butor cap and spark plug wiRs. 

7. Mark distributor position and remove hold down 
bracket. 

8. Remove clistn1>utor. 
9. Remove air management hose, manual 

transmission only. 
10. Disconnect emission cudatc:r hOICS. Remove pipe 

bracket (from left valve cover). 
11. Remove left wve cover. Refer to "Valve Cover• 

in this section. 
12. R.emove air management bracket, manual 

tranmimon only. 
13. Remove riaht valve cover. Refer to .-Yalve 

Cover• in this section. 
14. Remove upper radiator hose. 
ts. ' Disoonnrct cool.mt switch 11CD10n. 

16. Remove IIUIDifold bolts. 
17. Remove manifold. Diacard manifold paketa and 

remove loose R.TV from front and rear ridges of 
cylinder case. 

ln11111ation 
1. Make sure that no oil or water is present on 

surface when new R.TV is applied. Place a 5 mm 
(3/16 inch) diameter bead of R.TV, number 
1052751 or cquivalmt, on each ridge. 

2. Install new intake gaskets on cylinder heads. 
Hold in place by mending ridge R.TV bead up 6 
mm (1/4 inch) onto the gasket ends. The new 
intake gasket will have to be cut, where hutieated,, 
to install behind puahroda. Cut only thole arcaa 
that are n«e1Mry. 
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3. Install intake manifold on c:ngine. Make sure 
uaa between case ridges and intake are 
completely scalc:d. 

4. Install manifold maining bolts and · nuts and 
torque in the sequence shown in Figure 6. 

5. Install upper radiator hose. 
6. Install valve covers. Refer to "Valve Cover" in 

this section. 
7. Connect coolant switch sensors. 
8. Install air management bracket. 
9. Install pipe bracket (front left rocker cover). 

10. Install distributor, distributor cap and retaining 
nut. Do not tighten. 

11. Refer to DRIVEABILITY AND EMISSIONS -
FUEL IN1ECI1ON {PORT) (SBC 6E3) for 
installation of PFI sub-assemblies removed. 

12. Connect necessary wires and hoses. 
13. Fill cooling system with the proper mixture of 

ethylene glycol anti-freeze and water. Do not 
install radiator cap. 

14. Start engine, set initial timing. After set, torque 
distributor hold down clamp bolt 34 N • m (25 lb. 
ft.). Recheck timing after torquing bolt. 

IS. Let engine run until radiator upper hose becomes 
hot (thermostat open). 

16. W'rth engine idling, add coolant to radiator, if 
necessary, until level rqaches bottom of filler 
neck. 

17. Install radiator ca_p, making sure arrows cm cap 
line up with overflow tube. 

~ APPLY A SMOOTH CONTINUOUS BEAD APPROX 2.0-
3.0 MM 10.08-0.12-INCH) WIDE AND 3.0-6.0 MM 10.12-
INCH-0.2•1NCH) THICK ON BOTH SURFACES. BEAD 
CONRGURATION MUST INSURE COMPLETE SEALING OF 
WAnR AND OIL SURFACE MUST BE FREE OF OIL AND DIRT 
TO INSURE ADEQUATE SEAL 

I~ I 

'-" 
TORQUE INTAKE MANIFOLD BOLTS 
TO 18-34 N•m 113-29 FT. LBS;J 

IT\ 
7 3 2 I 10 

IVEW•I 
Rgure 8 - Intake Manifold 

EXHAUST MANIFOLD 
Figure7 

Removal (LaftJ 

1. Disconnect battery. 
2. .Raise vehicle. 
3. Disconect emaust pipe. 
4. Lower vehicle. 
5. Remove power steering bracket. 
6. Remove rear manifold bolts and not. 
7. Remove manifold 

lnltallatian (LeftJ 

1. Clean connecting surfaces on manifold and head, 
then install manifold in padtion and install bolti 
and nut. 

2. Torque manifold bolts and nut to 34 N ·m (25 lb. 
ft.). 

3. Install power steering bracket. 
4. Raise vehicle. 
5. Install exhaust pipe. 
6. Lower vehicle.· 
7. Connect battery. 

Removal (Right) 
1. Disconnect battery. 
2. Raise vehicle. 
3. Disconnect exhaust pipe. 
4. Lower vehicle. 
5. Remove EGR valve adapter from manifold 
6. Remove smerator bracket. 
7. Remove exhaust manifold bolts and nuts. 
8. Remove serpentine belt from icller p~9. Refer 

to COOLING AND RADIATOR (SBC. 6B). 
9. Remove idler pulley bracket brace. 

10. Remove manifold. · 

lnltllDatian (Right) 
I. Clan connecting swfaces on manifold and head, 

then install manifold in position and install bolta 
and nuts. 

2. Torque manifold bolts and nuts to 34 N •m (25 lb. 
ft.). 

3. Install idler pulley bracket brace. 
4. Install serpentine belt to idler pulley. Refer to 

COOLING AND RADIATOR (SEC. 6B). 
5. Raise vehicle. · 
6. Install exhaust pipes. 
7. Lower vehicle. 
8. Install generator bracket. 
9. Install EGR valve adapt.er to manifold. 

10. Connect battery. 

VALVE COVER 
FlgureB 
Removal (laft) 

I. Disconnect battery. 
2. Disconnect air managcm.mt hose, manual 

transmission only. 
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figure 7 • Exhaust Manifold 

3. Remove plenum and runnen and disconnect 
throttle body. Refer to DRIVEABILITY AND 
EMISSIONS - FUEL INJECTION (PORT) 
(SBC 6E3). 

4. Remove A/C bracket 
5. Remove valve cover reinforcements and nuts. 
6. Remove cover. If cover adheres to cylinder head, 

shear off by bumping end of valve cover with 
palm of hand or rubber mallet. _If cover still will 
not come loose CAREFULLY pry until loosc. 
DO Nor DISTORT SEA.LING FLANGE. It 
may be necessary to remove the two spark plug 
wire harness studs in order to get the valve cover 
past the windshield wiper motor. 

lnttallation (LeftJ 
1. Clean scaJing surfau on cylinder head. intake 

manifold and valve cover. Make sure sealing 
flange or rocker cover is not bent. 

2. Place a 3 mm (1/8 inch) diameter dot of R TV sea1an, number 1052751 or equivalent, at the 
intake manifold and cylinder head splitline. 

3. Install valve cover. gasket over studs in the 
manifold and cylinder head. . 

4. · Install the reinforcements and nuts and torque to 
8-20 N ·m (6-15 lb. ft.) 

5. Install the plenum and runners and connect the 
throttle body. Refer to DR.IVBABILITY AND 
EMISSIONS - FUEL INJECTION (PORT) 
(SEC. 6E3). 

6. Connect air management hose, manual 
transmission only. 

7. ~tall A/C bracket. 
8. Connect battery. 

Removal (RlghtJ 

1. Disconnect battery. 
2. Remove EGR valve transfer tube from plenum. 
3. Remove coil and coil mounting bracket from 

cylinder head. 
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4. Remove plenum and runners and disconnect 
throttle body. Rder to DRIVEABILITY AND 
EMIS.,IONS - FUEL INJECTION (P.OR.T) 
(SEC. 6E3). . 

5. Remove valve cover retainers and nuts. 
6. Remove cover. If cover adheres to cylinder head. 

shear off by bumping end of valve cover with 
palm of hand or rubber mallet. If cover atil1 does 
not come loose, CAREFULLY pry until loose. 
DO Nor DISTORT SEALING FLANGE. 

Installation (RightJ 
1. Clean sealing ·surrace on cylinder head. intake 

manifold. and valve cover. Make sure sealing 
flange or valve cover is not bent: 

2. Place a 3 mm (1/8 inch) diameter dot of RTV 
sealant, number 1052751 or equivalent, at the 
intake manifold and cylinder head splitline. 

3. Install valve cover gasket over studs in the 
manifold· and cylinder head. 

4. Install the load spreaders and nuts and torque to 
10.7 N·m (90 lb. in.). 

5. Install plenum· and runners and connect throttle 
body. Refer to DR.IVEABil.lTY AND 
EMISSIONS - FUEL INJECTION (PORT) 
(SEC. 6E3). 

6. Install coil and coil mounting bracket at cylinder 
head. 

7. Install EGR. valve and transfer tube at plenum. 
8. Connect battery. 

Rgure 8 - Valve Cover 

ROCKER ARM 

FigUTN 9 and 10 

Removal 

I 

1. Remove valve cover. Refer to •valve Cover" in 
this section. 

2. Remove rocker arm nuts, rocker arm balls, 
rocker arms and puabroda. Place components in 
a rack so they can be reinstalled in the same 
location. 
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lnmllatlan_ and Adjllltmlnt 
Whenever new rocker arms and/or rocker arm 

balla are being installed, coat bearing surfaces of rocker 
arms and rocker balls with a thin even coating of 
•Moiykote• or its equivalent. 
I. Install pushroda. Be sure pushrods seat in lifter. 
2. Install rocker arms, rocker aim balls and rocker 

· ~-n~. Tighten rocker ann nuts until all laah 
11 ehm,uatcd. 

3. Adjust valves wlien lifter is on base circle of 
camshaft lobe as follows: 

L Crank engine until mark on torsional 
damper lines up with ·o· mark on the 
timing tab. The engine should also be in the 
number 1 firing position. This may be 
determined by placing fingers on the 
number 1 rocker arms as the mark on the 
damper comes near the •o• mark. If the 
valves are not moving. the engine is in the 
number I firing position. If the valves move 
as the mark comes up to the timing tab, the 
engine is in the number 4 firing position and 
should be rotated one revolution to reach 
the number 1 position. 

b. W"rth the engine in the number 1 firing 
position. exhaust valves I, 2, and 3 and 
intake valves I, S. apd 6 may be adjusted. 

c. Back out adjusting nut until lash is felt at 
the push.rod, then tum in adjusting nut until 
all lash is removed (Figure 10). (This can be 
determined by rotating pusbrod while 
turning adjusting nut). When lash bas been 
removed, tum adjusting nut in 1-1/2 
additional turns (to center lifter plunger). 

d. Crank the engine one revolution until the 
timing tab "O .. mark and torsional damper 

· mark are again in alignment. This is the 
number 4 firing position. With the engine in 
this "tion, exhaust valves 4, S, and 6 and 
in:CCvalves 2, 3, and 4 may be adjusted. 

4. Inatall valve covers. Refer to •valve Cover• in 
this section. 

S. Start engine and check timing and idle speed. 

VALVELlmRS 
FigurN ff and 12 

Valve lifters should be kept in order so they may 
be reinstalled in their original position. Some engines 
will have both standard and 0.2.5 mm (0.010 inch) 
oversize (O.S.) valve lifters. Where O.S. lifters are used, 
the cylinder case will be marked with a dab of white 
paint and/or '0.25 (mm) O.S." stamped on the lifter 
boss (Figure 11). 

If the lifters are removed, they must be reinstalled 
in their original location. If replacement is necessary, 
use lifters with a narrow flat ground along the lower 
3/4 of lifter. These Oats provide additional oil to the 
cam lobe and lifter surfaces. 

, .;. . •. ' 

Removal 
1. Remove valve covers and intake manifold. Refer 

to 'Intake Manifold• in this ICICtion. 

Figure 9 - Rocker Arms and Pushrods 

Figure 1.C? - Adjusting Valve Lash 

- . -
) --:~ .. ~- ~~ 
I ~ ~ __/4 ~ ~ 

Figure 11 - Oversize Lifter Marking 

2. Remove rocker arm nuts, rocker arm balls, 
rocker arms and pushrods. Place components in 
a rack so they can be reinstalled in the same 
location. 

3. Remove lifters. 



Installation 
1. Install valve lifters. Whenever new valve lifters 

are being installed, coat foot of valve lifters with 
'Molykote• or its equivalent Make sure- lifter 
foot is convex. Lifter foot is very slightly conve:g.. 
It can be detected by holding a good straight edge 
to the surface and looking into a light source. 

2. Install .intake manifold. Refer to "Intake 
Manifold" in this section. 

3. Install and adjust· valve mechanism- Refer to 
'Rocker Arm• in this section. 

Valve Lifter Service 
Di1usembly 

1. Hold the plunger down with a pushrod, and using 
the blade of a small screwdriver, remove the 
pusbrod seat retainer. 

2. Remove the pushrod seat and metering valve. 
3. Remove the plunger, ball check valve 88.9embly 

and the plunger spring. 
4. Remove the ball check valve and spring by prying 

the ball retainer loose from tbe plunger with the 
. blade of a small screwdriver. -

Cleaning and Inspection 
Thoroughly clean all parts in cleaning solvent, 

and inspect them carefully. If any parts are damaged 
or worn, the entire lifter assembly should be replaced. 

. If the lifter body wall is scuffed or worn, inspect the 
cylinder block lifter bore. If the bottom of the lifter is 
scuffed or worn, inspect the camshaft lobe. If the 
pushrod seat is ·scuffed or worn, ii1spect the p11$brod. 
.NJ. additive coDtairling EP lube, such as EOS, should 
always be added to crankcase oil for run-in when any 
new camshaft or lifters are installed. All damaged or 
worn lifters should be replaced. For proper lifter 
rotation during engine operation, lifter foot must be 
convex. 

Assembly 
1. Place the check ball on small hole in bottom of 

the. plunger. 
2. Insen check ball spring on seat in ball retainer 

and place retainer over ball so that spring rests on 
tile ball. Carefully press the retainer into position 
in plunger with the blade of a small screwdriver. 

3. Place the plunger spring over the ball retainer and 
slide the lifter f:?ody over the spring and plunger, 
being careful to line Up the oil feed holes in the 
lifter body and plunger. 

4. Fill the assembly with SAE 10 oil, then insert the 
end of a 1/8 inch drift pin into the plunger and 
press down solid. Do not attempt to force or 
pump the plunger. At this point,. oil holes in the 
lifter body and plunger assembly will be aligned. 

5. Insert a 1/16 inch drift pin through both oil holes 
to hold the plunger down against the lifter spring 
tension. 

6. Rernove the 1/8 inch drift pin, refill assembly 
with SAE 10 oil. 

7. Install the metering valve and pushrod seat. 
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. 8. Install the pusbrod seat retainer, press down on 
the pushrod seat and remove the 1/16 inch drift 
pin from the oil holes. ·i The·. lifter is - now 
co~pletely ~sembled, !illed ynth. oil and ready 
for _IDBtallation. Before installing lifters, coat the 
bottom of ,the lifter with 'Molykote• or its 
equivalent. 
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Figure 12 - Valve Lifter 

ENGINE FRONT COVER 
Figure 13 

Removal 
I. Raise engine. 
2.. Remove oil pan. Refer to _, Oil Pan" in this 

section. 
3. Lower vehicle. 
4. Remove coolant pump. Refer to COOLING 

AND RADIATOR (SEC. 6B). 
5. Remove power steering pump and bracket. Refer 

to POWER STEERING GEAR AND PUMP 
(SEC. 3Bl). 

6. Remove torsional ,damper. Refer to 'Torsional 
Damper-' in this section. 

7. Disconnect lower radiatot h9SC at front cover. 
8. · Remove iront cover bolts .and remove cover. 

Installation 
1. Install new gasket. When installing new gasket, 

be sure sealing surfaces are i;:lean. Care should be 
taken not to damage sealing surfaces. 

2. Place front cover on the engine, install stud bolt 
and bolts, install water pump as outlined in 
COOLING AND RADI:A'l"OR (SEC. 6B), 
install retaining bolts and nut and torque to 
specifications. 

3. Connect lower radiator hose to front cover. 
Torque clamps to 3.5 N•m (30 lb. in.). 

4. Install torsional damper. Refer to 'Torsional 
Damper" in this section. 

5. Install coolant pump. Refer to COOLING AND 
RADIA'I'OR (SBC. 6B). 
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6. Install power steering pump bracket and pump. 
Refer - to POWER STBERING GEAR AND 
PUMP (SEC. 3Bl). install compres.,or. 

7. Raise vehicle. 
8. Inspect oil pan gasket repJace if necessary. 
9. Install oil pan. Refer to ·oo Pan· in this section. 

10. Lower vehicle. 
11. Install serpentine belt. 
12. Fill cooling system. Leave radiator cap otr. 
13. Connect battery negative cable and start engine. 
14. Run engine until UpPCI' radiator hose becomes 

hot (thermostat open)~ 
15. Check coolant level and add as necessary. 
16. Install radiator cap, making sure arrows in cap 

line up with overflow tube. 

21 N.m (15 LB. FT.) 

10 N.m (88 LB. IN.I 

IICGO 

Figure 13 - Coolant Pump Bolt Torques 

ENGINE FRONT COVER OIL SEAL 

Replacement 
With Cover Removed 

1. With cover removed, pry oil seal out of cover 
from the front with a Jarge screwdriver. 

2. Install new seal so that open end of the seal is 
toward the inside of cover and drive it into 
position with J 35468. Support cover at seal area. 
Pre-lube seal with engine oil prior to installation 
of torsional damper. 

With Cover lnltllled 

1. With torsional damper removed, refer to 
•Torsional Dam.per• in this section, pry seal out 
of cover·from the front with a large screwdriver, 
being cardul not to damage the surface on the 
crankshaft. 

2. Install new seal so that open end of seal is toward 
the inside of cover and drive it into position with 
J 35468. 

3. Install tc,rsional damper. Refer to "Torsional 
Damper" in this section. 

TIMING CHAIN AND SPROCKETS 
Figure, 14 and 16 

Removal 

1. Remove engine front cover. Refer to "Engine 
Front Cover• in this section. • 

2. Place number 1 piston at top dead center with the 
marks of the c.arnsbaft and crankshaft sprockets 
aligned (number 4 firing position). 

3. Remove camshaft sprocket and ~ 

(I] Important 

• If the sprocket does not come olf easily, a 
light blow in the lower edge ofthe·sprocbt 
with a plastic mallet should dislodge the 
sprocket. 

4. Remove crankshaft sprocket using J S82S•A. 

lnstallatlon 

1. Install crankshaft sprocket using J 5590. 
2. Apply "Molykote" or equivalent to the sprocket 

thrust surface. . 
3. Hold the sprocket with the chain hanging down 

and align the marks on the camshaft and 
crankshaft sprockets (Figure 14). 

4. Align dowel in camshaft with dowel hole in 
camshaft sprocket. 

S. Draw the camshaft sprocket onto camshaft using 
the mounting bolts. .Torque the mounting bolts to 
25 N •m (18 lb. ft.). 

6. Lubricate timing chain with engine oil. 
7. Install engine cover. Refer to •Engine Front 

Cover• in this section. 

_Figure 14 - Timing Chain and Sprockets 

CAMSHAFT 
Flguf81 16 and 17 

Measuring lobe lift procedure is similar to that 
used for checking valve timing. If improper valve 
operation is indicated, measure the lift of each pushrod 
in consecutive order and record the readings. 



Rgure 16 - Camshaft Timing 

1. Remove the valve IJ'lecbanism Refer to "Rocker 
Arm" in this section. 

2. Position indicator with ball socket adapater (1 
8520) on push rod. Make sure pushrod IS in the 
lifter socket. 

3. Rotate the crankshaft slowly in the direction of 
rotation until the lifter is on the heel of the cam 
lobe. At this point, the pushrod is in its lowest 
position. 

4. Set the dial indicator on zero, then rotate the 
crankshaft slowly, or attach an anriJiary starter 
switch and "bump" the engine over until the 
pushrod is in the fully raised position (Figure 16). 

CAUTION: Whenever the engine Is 
cranked remotely at the starter with a 
special jumper cable or other means. 
the distributor primary lead must be 
disconnected from the coil to prevent 
electrical shock. 

5. Compare the total lift recorded from the dial 
indicator with the specifications. 

6. If camshaft readings for all lobes are within 
specifications, ranove dial indicator assembly. 

7. Install and adjust valve mechanism, as previously 
outlined. 

Removal 

1. Remove valve lifters. Refer to •va1ve Lifters" in 
this section. 

2. Remove engine front cover. Refer to "Engine 
Front Cover" in this section. 

3. Remove fuel pump and pushrod. Refer to 
ENGINE FUEL (SEC. 6C). 

4. Remove timing chain and s~ket. Refer to 
"Timing Chain and Sprockets in this section. 

5. Remove camshaft:. 

NOTICE: All camshaft jourJUl}s are the same 
diameter and care must be exercised in removing 
camshaft to avoid damage to bearings. 
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Inspection 
The camshaft bearing journals should be 

measured with a micrometer for an out-of-round 
condition. If the jouroaJs exceed 0.025 mm (0.001 inch) 
out-of-round, the camshaft: should be replaced. · · 

Installation 
Whenever a new camshaft is installed, coat 

camshaft: lobes with GM BOS or equivalent, install 
new oil and a new filter. Replacement of all valve lifters 
is recommended to insure durability of the camshaft 
lobes and lifter feet. 

1. Lubricate camshaft journals with engine oil and 
install camshaft. 

2. Install timing chain. Refer to "Timing Chain and 
Sprockets" in this section. 

3. Install fuel pump pushrod and fuel pump. Refer 
to ENGINE FUEL (SEC. 6C). 

4. Install engine front cover. Refer to "Engine Front 
Cover" in this section. 

5. Install lifters. Refer to "Valve Lifters" in this 
section. • 

6. Complete build up of engine. 

Rgure 1 a -Me~surlng Camshaft Lobe Lift 

CAMSHAFT BEARINGS 

Figure 17 

Removal 

p 

Camshaft bearings can be replaced while engine 
is disassembled for overhaul or without complete 
disassembly of the engine. To replace bearings without 
complete disassembly remove the camshaft and 
craokshaft, leaving cylinder beads attached and pistons 
in place. Before removing crankshaft, tape threads of 
connecting rod bolts to prevent damage to crankshaft. 
Fasten connecting rods against sides of engine so they 
will not be in the way wbile replacing camshaft 
bearings. 

1. With camshaft and crankshaft removed, remove 
camshaft rear cover from cylinder block (Figure 
17). 
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Figura 17 - Camshaft Rear Covar 

2. Using J 6098-01, with nut and thrust washer 
installed to end of threads, index pilot in camshaft 
front bearing and install puller screw through 
pilot. 

3. Install remover and iDstaller tool with shoulder 
toward bearing, making !lure a sufficient amount 
of threads are engaged. 

4. Using two wrenches, bo1d puller screw while 
turning nut. Whai bearing has been pulled from 
bore, remove remover and installer tool and 
bearing from puller screw. 

S. Remove mnaining bearings (except front and 
rear) in the same manner. It will be necessary to 
index pilot in camshaft rear bearing to remove the 
rear intermediate bearing. 

6. Assemble rem.over and installer tool in driver 
handle and remove camshaft front and rear 
bearinp by driving towards center of cylinder 
block. 

Installation 
1. Aaaemble remover and installer tool on driver 

handle and insta11,'camsbaft bearings. 
2. Using J 6098-01, ' with nut then thrust washer 

installed to end of threads, index pilot in camshaft 
bearing and install puller screw through pilot. 

3. Index camshaft bearing in bore with oil hole 
aligned at 2:30 o'clock on rear and intermediate 
bearing. Front bearing has oil holes at 1: 00 
o'clock and 2:30 o'clock. 

4. Using two wrenches, hold puller screw while 
tmning nut. After ta.ring bas been pulled into 
bore, remove the remover and installer tool from 
puller screw and check alignment of oil hole in 
camsbafl: bearing. 

S. Install nm,aioing bearings in the same manner. 
6. Install the camshaft rear cover after applying a 

fresh 3 mm (1/8 inch) diameter bead of RTV, 
number 1052751 or equivalent. A~ RTV or 
equivalent on engine block in mac groove. 
Sealant must be wet to touch when bolts are 
torqued. 

NOTICE: Prior to rear cover installation check 
that the sealing surfaces on the cover and block are 
clean or free of oil. Be sure that all loose RTV, or 
equivalent, is removed from block groove and 
blind attaching holes. 

VALVES 
Valves that are pitted can be refaced, to the _ 

proper angle, insuring COITect relation between the 
head and stem, on a valve n:fadng machine. Valve 
stems that show excessive wear, or valves that are 
warped excessively should ~ replaced. When a valve 
head that is warped excessively is n:faced. a knife edge 
will be ground on part or all of the valve head due to 
the amount of metal that must be removed to 
completely reface the valve. Knife edges lead to 
breakage, burning or preignition due to beat localizing 
on this knife edge. If the ~ of the valve head is less 
than 0.8 mm (0.03 inch) thick after grinding, replace 
the valve. 

Several different types of equipment are available 
for refacing valves. The recommendations of the 
equipment manufacton:r should be carefully followed 
to attain the proper results. 

Valve Guides 
Valves with oversize stems are available in 0.089, 

0.394 and 0.775 mm over sizes. To ream the valve 
guide bores for oversize valves use J 5830-02. · 

Valve Seats 
Reconditioning the valve seats is important 

because the seating of the valves must be perfect f~ the 
engine to deliver the power and performance designed 
into it. 

Another important factor is the cooling of the 
valve heads. Good contact between each valve and its 
seat in the head is imperative to insure that the heat in 
the valve head will be properly carried away. 

Several different types of equipment are available 
for reseating valve seats. The recommendations of the 
equipment manufacturer should be carefully followed 
to attain proper results. 

Valve Springs, Stem Seal and Rotator 
F,gulN 18 through 20 

Removal 
1. Remove valve cover. Refer to •valve Cover• in 

this section. 
2. Remove spark plug, rocker arm and pusbrod on 

the cylinder(s) to be serviced. 
3. Install air line adapter J 23590 to spark plug J>0:1 

and apply compressed air to hold the valves m 
place. 

4. Using I 5892-B to compress the valve spring 
remove the valve locks, valve cap, oil sbedder 
(exhaust only) and valve spring and damper 
(Figure 18). 

S. Remove the valve stem oil seal. 



lnstall111an 
1. Install a valve stem seal over the valve stem and 

valve guide base inlet only. 
2. Drop an oil shedder and valve rotator over the 

exhaust and a valve spring cap over the valve 
spring. 

3. Using J 5892-B compress the valve spring. 
4. Install the square cut O-ring around the valve 

stem in the lower groove, making sure it is not 
twisted. 

5. Insert valve, stem key locks and release tool. 
6. Install the valve locks and release the compressor 

tool making sure that the locks seat properly in 
the upper groove of the valve stem. Grease may 
be used to bold the locks in place while releasing 
the compressor tool. 

7. Check each valve stem oil seal by placing valve 
stem leak detector J 23738-A over the end of the 
valve stem and against the cap. Operate· the 
vacuum pump and make sure no air leaks past the 
seal. 

8. Check the installed height of the valve springs, 
using a narrow thin scale. Measure from the top 
of the spring dam.per "feet" to the bottom inside 
of the oil shedder exhaust and from the top of the 
valve cap for intake. If this is found to exceed the 
specified height, instal}.l valve spring seat shim 
approximately 0. 75 mm (0.03 inch) thick. At no 
tune should the spring be shimmed to give an 
installed height under the minimum specified of 
40 mm (1.6 inch). 

J5892~B 

ENGAGE AT 
LEA 

3THRE 

J1012CMIA3 41A 

Figure 18 - Depressing Valve Spring 
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Figure 19 • Valve Stem Seal 

Figure 20 - Checking Valve Spring Installed Height 

CYLINDER HEAD 
Figure21 
Removal (Left) 

1. Remove intake manifold. Refer to "Intake 
Manifold• in this section. 

2. Remove spark plugs. 
3. Raise vehicle. 
4. Drain engine coolant from block. 
5. Remove dipstick tube and bracket. 
6. Lower vehicle. 
7. Remove exhaust manifold. Refer to 'Exhaust 

Manifold' in this section. 
8. Remove serpentine belt. 
9. Remove A/C co01pressor and bracket and lay 

aside. Refer to MANUALLY CONTROLLED 
AIR CONDmONING (SEC, 1B). 

10. Remove power steering pump and bracket and 
lay aside. Refer to POWER STEERING GEAR 
AND PUMP (SEC. 3B1). 

11. Loosen rocker arm until able to remove pushrod. 
12. Remove head bolts. 
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13. Remove head 

Installation (l.eftJ 
The gasket . surfaces on both head and cylinder 

case deck must be clean of any foreign matter and free 
of nicks or heavy scratches. Cylinder bolt threads in the 
case and threads on the cylinder head bolts must be 
clean. Dirt will affect bolt torque. 

1. PJace the gasket in position, over the dowel pins, 
with the note "This Side Up,, showing. 

2. Install cylinder head. 
3. Coat cylinder head bolt threads with sealer· 

number 1052080 or equivalent and install bolts. 
Torque bolts as shown in Figure 21. 

4. Install pushrods and loosely retain with rocker 
arms. Make sure lower ends of pushrods are in 
lifter seats. 

5. Install power steering pump bracket and pump. 
Refer to •POWER STEERING GEAR AND 
PUMP (SEC. 3Bl). 

6. Install A/C compreuor bracket and compressor. 
Refer to MANUALLY CONTROLLED AIR 
CONDmONING (SEC. lB). 

7. Raise vehicle. 
8. Install dipstick tube and bracket. 
9. Lower vehicle. 

10. Install exhaust manifold."' , Refer to •Exhaust 
Manifold• in this section. 

11. Adjust valve lash as previously outlined. 
12. Install intake manifold Refer to •Intake 

Manifold• in this section. 
13. Install spark plugs. 
14. Adjust engine coolant as necessary. Refer to 

COOLING AND RADIATOR (SEC. 6B). 

Removal (Right} 
1. Remove intake manifold. Refer to •Intake 

Manifold• in this section. 
2. Remove spark plugs. 
3. Remove exhaust manifold. Refer to •Exhaust 

Manifold• in this section. 
4. Raise vehicle. 
5. Drain engine coolant from block. 
6. Lower vehicle. 
7. Loosen rocker arms until able to remove pushrod. 
8. Remove serpentine belt. 
9. Remove tensioner. 

10. Remove generator and brackets. Refer to 
CHARGING SYSTEM (SEC. 6D3). 

11. Remove head bolts. 
12. Remove head. 

Installation (Right) 
The gasket surfaces on both the head and cylinder 

case deck must be clean of any foreign matter and free 
of iµcks or heavy scratches. Cylinder bolt threads in the 
case and threads on the cylinder head bolts must be 
clean. Dirt will affect bolt torque. 

1. Piace the gasket in position, over the dowel pins, 
with the note .. This Side Up0 showing. 

2. Install cylinder head. 

3. Coat cylinder head bolt threads with · iea1er 
number 1052080 or equivalent and install bolts. 
Torque bolts as shown in Figure 21. 

4. Install pushrods and loosely retain witlLrocker 
arms. Make sure lower ends of push rods are in 
lifter seats. 

5. Install exhaust manifold. Refer to -•Exhaust 
Manifold• in this section. 

6. Adjust valve lash as previously outlined 
7. Install generator bracket and generator. Refer to 

CHARGING SYSTEM (SEC. 603). 
8. Install tensioner. 
9. Install intake manifold. Refer to •Intake 

Manifold• in this section. 
10. Install spark plugs. 
11. Adjust engine coolant as necessary. Refer to 

COOLING AND RADIATOR (SEC. 6B). 

HEAD TORQUE SEQUENCE 

~~ 

.. 
~~~l Coat thread with 
... ..,......,. ... u~ sealer before install-

ing. Using a 12" 
clicker torque wrench 
torque to 55 N·m 
140 Lbs. Ft.). Rotate 
wrench an additional 90° 
(1I4tum). 

It 1.eA2-F-IIP 

Figure 21 - Cylinder Head Installation 

Cylinder Head and Valve Off-Vehicle Service 

Disassembly 

1. With cylinder head removed, remove rocker arm 
nuts, balls and rocker arms (tf not previously 
done). 

2. Using J 8062, compress the valve springs and 
remove valve keys. Release the compressor tool 
and remove spring caps, oil shedders, sp~ and 
damper assemblies, then remove oil seals. _ 

3. Remove valves from cylinder head anc;l place 
them in a rack so they can be installed_ in their 
original positions. 

Cleaning and Inspection 
1. Clean all carbon from combustion chambers and 

valve ports using J 8089. 
2. Thoroughly clean valve guides using J 8101. 
3. Clean all carbon and sludge from pushrods, 

rocker arms and pushrod guides. 
4. Clean valve stems and heads on a buffing wheel 
5. Clean carbon deposits from head gasket 

connecting surface. 



6. lnspecf cylinder head for cracks in the exhaust 
ports, combustion chambers, or external cracks 
to the water jacket. . 

7. Inspect the valves for burned heads, ~ faces 
or damaged stems. 

NOTICE: Excessive valve stem to bore clearance 
will cause high oil consumption and may cause 
valve breakage. Insufficient clearance will result in 
noise and sticky functioning of the valve and 
disturb engine smoothness. 

8. Measure valve stem clearance as follows: 
a. Clamp a dial indicator on one side of the 

cylinder head. Locate the indicator so that 
movement of the valve stem from side to 
side ( crosswise to the head) will cause direct 
movement of the indicator stem. The 
indicator stem must contact the side of the 
valve stem just above the guide. 

b. Drop the valve head 1.5 mm (0.06 inch) off 
the valve seat. 

c. Move the stem of the valve from side to side, 
using light pressure, to obtain a _cl~ce 
reading. If clearance exceeds specifications, 
it will be necessary to ream valve guides for 
oversize valves. Service valves are available 
in standard, 0.089, 0.394 and 0. 775 mm O.S. 
sizes. 

9. Check valve spring tension with spring tester J 
8056. Springs should be compressed to the 
specified height and checked against lh:e 
specifications chart. Springs should be ~laced if 
not within 44 N (10 lbs.) of the specified load 
without dampers. 

1 0. Inspect rocker arm studs for wear or damage. 

OIL PAN 
F1gure22 
Removal 

1. Disconnect negative ( ·) battery cable. 
2. Remove air cleaner. 
3. Remove distn"butor cap and lay aside. 
4. Remove upper half of fan shroud 
5. Raise vehicle. 
6. Drain engine oil. 
7. Remove converter dust cover. 
8. Remove exhaust pipe at manifolds. 
9. Remove start.er and lay starter aside. Refer to 

CRANKING SYSTEM (SEC. 602). 
10. Remove motor mount through bolts. 
11. Raise engine. 
12. Remove oil pan bolts. 
13. Remove oil pan. 

Installation_ 
l. Clean sealing surfaces on cylinder case and oil 

pan. · . bol 2. Install gasket and attack retaining ts. 
3. Lower engine. 
4. Install motor mount through bolts. 
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5. Install starter. Refer to CRANKING SYSTEM 
(SEC. 602). 

6. Install exhaust pipe at manifolds. 
7. Install converter dust cover. 
8. Lower vehicle. 
9. Install mn shroud. 

10. Install distn"butor cap. 
11. Refill crankcase. 
12. Install air cleaner. 
13. Connect negative (-) battery cable. 
14. Start engine, check for leaks. 

OIL PUMP 
F",gun22 
Removal 

1. Remove oil pan. Refer to •oo Pan• in this 
section. 

2. Remove pump to rear main bearing cap bolt and 
remove pump and extension shaft. 

Installation 
1. Assemble pump and extention shaft with retainer 

to rear main bearing cap, aligning top end of 
hexagon extension shaft with hexagon socket 
lower end of distributor drive gear. 

2. Install P.ump to rear bearing cap bolt and torque 
to specifications. 

3. Install oil pan. Refer to •oo Pan• in this section. 

IT] GASICET 
[!J 20-30 N·m (14-22 FT. LBS.) 

(]] 8-12N• 

Figure 22 - 011 Pan 
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OH Pump Overhaul 
Diaaaembly 
(OIi Pump Removed) 

1. Remove the pump cover attaching bolts and the 
pump cover. Mark gear teeth so they may be 
reassembled with the same teeth indexing. 

2. Remove the idler gear and the drive gear and 
shaft from the pump body. 

3. Remove the pressure regulator valve retaining 
pin pressure regulator spring and valve. 

4. If the pickup screen and pipe assembly need 
replacing. mount the pump in a soft-jawed vise 
and extract pipe from pump cover. Do not disturb 
the pickup screen on the pipe. This is serviced as 
an assembly. 

Cleaning and Inspection 
1. Wash all parts in cleaning solvent and dry with 

compressed air. 
2. Inspect the pump body and cover for cracks or 

excessive wear. 
3. Inspect pump gears for damage or excessive wear. 

The pump gears and body are not serviced 
separately. If the pump gears or body are 
damaged or worn, replacement of the entire oil 
pump assembly is "ecessan'· 

4. Check the drive gear shal\ for looseness in the 
pump body. 

S. Inspect inside of pump cover for wear that would 
permit oil to leak past the ends of the gears. 

6. Inspect the pickup screen and pipe assembly for 
damage to screen or pipe. 

7. Check the pressure regulator valve for fit. 

Auembly 
1. If the pickup screen and pipe assembly was 

removed, it should be replaced with a new part. 
Loss of press fit condition could result in an air 
leak and loss of oil pressure. Mount the pump in 
a soft-jawed vise, apply sealer to outside diameter 

_ ofswaged end of pipe, and using I 21882 tap the 
pipe in place with a plastic bamrner. 

NOTICE: Be can:ful of twisting, shearing or 
collapsing pipe while installing in pump. 

2. Install the pressure regulator valve and related 
parts. 

3. Install tbe drive gear and shaft in the pump body. 
4. Install the idler gear in the pump body in the 

Qriginal orientation. 
S. Install cover gasket. 
6. Install the pump cover and torque attaching 

screws to specifications. 
7. Turn drive shaft by hand to check for smooth 

operation. 

TORSIONAL DAMPER 
NOTICE: The inertial weight section of the 
torsional damper is assembled to the hub with a 
rubber sleeve. The removal and installation 
procedures must be followed using the _ correct 

tools or movement of the inertia weight section of 
the hub will destroy the tuning·of the tonional 
damper and tbe engine timing reference. 

Removal 
1. Disconnect negative(-) battery cable at battery. 
2. Remove serpentine drive belt. 
3. Raise vehicle. · . 
4. Remove drive pulley and remove damper 

retamingbo~ · 
5. Install J 23523-E on damper and then turning 

puller screw, remove damper. 

Installation 
1. Coat front cover seal contact area on damper 

with engine oil. 
2. Place dampc,r in position over key on crankshaft. 
3. Pull damper onto crankshaft as follows: 

a. Install J 29113 into crankshaft so that at 
least 6 mm (0,2 inch) of thread engagement 
is obtained. 

b. Pull damper into position and remove tool 
from damper. 

4. Install drive pulley and damper retaining bolts. 
Torque to specifications. 

5. Lower vehicle. 
6. Install serpentine belt 

PISTONS AND CONNECTING RODS 
Removal 

1. Remove cylinder heads. Refer to •Cylinder 
Head• in this section. 

2. Remove oil pan. Refer to "Oil Pan• in this 
section. 

3. Examine the cylinder bores above the ring travel. 
If bores are worn so that a shoulder or ridge exists 
at the top of tbe cylinder, remove the ridges with 
a ridge reamer to avoid damapng rings or 
cracking ring lands in pistons dunng removal. 

4. Remove connecting rod bearing cap and bearing 
insert. 

S. Install guide hose over threads of rod bolts to 
prevent damage to bearing journal and 
connecting rod bolt threads. 

6. Push connecting rod and piston assembly 
through the top of the cylinder bore. 

Installation 
Cylinder bores must be clan before piston 

mstallation. This may be accom~ed with a hot 
water and detergent wash or with light honing as 
necessary. After cleaning, tbe bores should be swabbed 
several times with light engine oil and a clean dry cloth. 

1. Lubricate connecting rod bearings and install in 
rods and rod caps. · 

2. Lightly coat pistons, rings and cylinder walls 
with light engine oil. 

3. With bearing caps removed. install ~e hose 
over connecting rod bolts. These gwde hoses 
p.rotect the crankpin journal from damage during 
mstallation of connecting rod and piston 
assembly. 



4. Make sure the gap in the oil ring rails are in up 
position toward center of engine and the gaps of 
the compression rings are positioned as shown in 
Figure 25. 

S. Install each connecting rod and piston assembly 
in its respective bore. Install with connecting rod 
bearing tang slots on side oppout.e camshaft, Use 
I 8037 to compress the rings. Guide the 
connecting rod into place on the crankshaft 
journal. Use, hammer handle and light blows to 
install the piston into the bore. Hold the ring 
compressor firmly against the cylinder block 
until all piston rings have entered the cylinder 
bore. 

6. Install the bearing caps and torque nuts to 
specifications. If bearing replacement is required 
refer to • Connecting Rod Bearings• in this 
section. 
Be sure to install new pistons in the same 
cylinders for which they were titted and used 
pistons in the same cylinder from which they 
were removed. Each connecting rod and bearing 
cap should be marked, beginning at the front of 
the engine. On V-6 engines, 1, 3, and S are in the 
right bank and 2, 4, and 6 are in the left bank. The 
numbers on the connecting rod and bearing cap 
must be on the same s~de when installed in the 
cylinder bore. If a connecting rod is ever 
transposed from one block or cylinder to another, 
new bearings should be fitted and the connecting 
rod should be numbered to correspond with the 
new cylinder number. 

7. Install oil pan. Refer to •oo Pan• in this section. 
8. Install cylinder head. Refer to •Cylinder Head• 

in this section. 

CONNECTING ROD BEARINGS 
Figure 23 
. Connecting rod bearings are of the precision 
insert type and do not utilize shims for adjustment. Do 
not file rods or rod caps. If clearances are found to be 
excessive, a new bearing will be required. Service 
bearings are available in standard size and 0.013 mm 
and 0.026 mm undersize for use with new and used 
standard size crankshafts. 

Inspection end Replacement 
l. With oil pan and oil pump removed, remove the 

connecting rod cap and bearing. 
2. Inspect the bearing for evidence of wear or 

damage. Dearin~ showing · 'fear or damage 
should not be remstalled. 

3. Wipe both upper and lower bearing shells and 
crankpin clean of oil 

4. Measure the crank.pin for out--of-round or taper 
with micrometer. If not within specifications, 
replace or recondition crankshaft. If within 
specifications and a new bearing is to be installed, 
measure the maximum diameter of the crankpin 
to determine new bearing size required. 

S. If within specificati~ measure new or used 
bearing clearance with Plastigage or equivalent. 
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NOTICE: If a bearing is being titted to an 
out-of-round crank.pin. be sure to fit the maxim11D1 
diameter of the crankpin. If the bearing is fitted to 
the minimum diameter and the crankpin is 
out-of-round 0.025 mm (0.001 inch), interference 
between the bearing and crank.pin will result in a 
rapid bearing failure. 

a. Place a piece of gaging plastic the full width 
of the crankpin as contacted by the bearing 
(parallel to the crankshaft). 

b. Install the bearing in the connecting rod and 
cap. 

c. Install the rod cap and evenly torque nuts 
to specifications. Do not turn the crankshaft 
with gaging plastic installed. 

d. Remove the rod cap and using the scale on 
the gaging plastic envelope, measure the 
gaging plastic width at the widest point. 

6. If the clearance exceeds specifications, select a 
new, correct-size, bearing and remeasure the 
clearance. If clearance cannot be brought to within 
specifications, the crankpin will have to be ground 
undersizc. If the crankpin is already at maximum 
undersize, replace crankshaft. 

7. Coat the bearing surface with oil, install the rod 
cap and torque nuts to 53 N ··m (39 lb. ft.). 

8. When all comiecting rod bearings have been 
installed, tap each rod liglttly parallel to the 
crankpin to make sure they have clearance. 

9. Measur~ all connecting rod side clearances (see 
specifications) between the rod cap and 
crankshaft throw '(Figure 23). 

• 

XC002S-IA2-F-RP 

Figure 23 • Measuring Connecting Rod Side Clearance 

PISTON AND CONNECTING ROD OFF-VEHICLE 
SERVICE 

F/gUflJS 24 and 25 

Disa111mbly 

1. Remove compression rings and oil ring. 
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2. Install piston and connecting rod assembly on 
124086-7 A and place in an arbor press. Press pin 
out of coDDCCting rod. 

Inspection. 
1. Inspect cylinder walls for scoring, roughness, or 

ridges that indicate excessive wear. Check 
cylinder bores for taper and out-of-round with an 
accurate cylinder gage at top, middle and bottom 
of bore. 

2. If a cylinder bore is moderately rough or slightly 
scored but is not out-of-round or tapered, it is 
usually possi"ble to remedy the situation by 
honing the bore to fit a standard service piston 
because standard service pistons are high limit 
production pistons. If cylinder bore is very rough 
or deeply scored. however, it may be necessary to 
rebore the cylinder to fit an oversize piston in 
order to insure satisfactory results. 

3. If cylinder bore is tapered 0.1 mm (0.004 inch) or 
more or is out-of-round 0.1 mm (0.004 inch) or 
more, it is advisable to rebore for the smallest 
poSSl'ble oversize piston and rings. Below these 
limits, the cylinder bore can be trued up with 
honing. 

4. Clean carbon from piston surfaces and under side 
of piston heads. Clean carbon from ring grooves 
with suitable tool and rem.eve any gum or varnish 
from piston skirts with suilable solvent. 

S. Carefully examine pistons for rough or scored 
surfaces, cracks in skirt or head, or cracked or 
broken ring lands. Chipped or uneven wearing 
pistons would cause rings to seat improperly or 
have excessive clearance in ring grOOYes. 
Damaged or faulty pistons should be replaced. 
The pistons are cam ground, which means that 
the diameter at a right angle to the wrist pin is 
greater than the diameter parallel to the wrist pin. 
When a piston is checked for size, it must be done 
at points 90 degrees to the piston pin. The piston 
should be checked for fitting purposes in a plane 
through the piston pin centerline. 

6. Inspect surfaces of wrist pins and check for wear 
by measuring worn_ or wiwom surfaces with 
micrometers. Occasionally pins will be found 
tight due to gum or varnish deposits. This may be 
corrected by removing the deposit with a suitable 
solvent. If piston bosses are worn out-of-round or 
oversize, the piston and pin assembly must be 

- replaced. Oversize pins are not practical due to 
the pin being a press fit in the connecting rod. 
Piston pins must fit the piston with an easy finger 
pJJSh at 7CJ'F (2rC) (0.0065 to 0.0091 mm (0.0003 
to 0.0004 inch) clearance). 

7. Examine all piston rings for scores, chips or 
cracks. Check compression rings for tension by 
comparing with new rings. Check gap of 
compression rings by placing rings in bore at 
bottom of ring travel. Measure gap with feeler 
gage. Oap should be between 0.25 mm and 0.50 
mm (0.01 and 0.02 inch). If gaps are excessive 
(over 0.50 mm 0.02 inch ), it indicates that the 
rings have worn considerably and should be 
replaced. Bore wear should be checked before 

-rings are replaced, 0.125 mm (0.005 inch) bore 
wear will n:sult in 0.39 mm (0.0lS inch) increase 
in ring gap. 

Assembly 
There is a machined hole or a cast notch in the 

top of all pistons to facilitate proper installation. The 
piston as.,emblies should always be installed with the 
hole toward the front of the engine (Figure 24). 

1. Lubricate piston pin holes in piston and 
connecting rod with light engine oil. 

2. Position connecting rod in its ~ve piston. 
Hold in place with piston pin gwde and piston 
pin. Place assembly on fixture and support 
assembly J 24086-A. 

3. Press the piston pin into the piston and 
connecting rod. 

NOTICE: After installer hub bottoms on support 
assembly, do not exceed 34,47S kPa (5000 psi) 
pressure, because this could cause structural 
damage to the tool 

4. Remove piston and connecting rod assembly 
from tool and check piston pin for freedom of 
movement on piston. 

lnatallation 
Cylinder bores must be clean before piston 

installation. This may be accomplished with a hot 
water and detergent wash or with light honing as 
necessary. After cleaning, the bores should be swabbed 
several times with light engine oil and a clean dry cloth. 

1. Lubricate connecting rod bearings and install in 
rods and rod caps. 

2. Lightly coat pistons, rinp and cylinder walls 
with light engine oil. 

3. With bearing caps removed, install gnide hose 
over connecting rod bolts. These guide hOICS 
protect the crankpin journal from damage during 
mstallation of connecting rod and piston 
assembly. 

4. Make sure the gap iii the oil ring rails are in •up,,. 
position toward center of engine and the gaps of 
the compresmn rings are positioned as shown in 
Figure 2S. 

S. Install each connecting rod and piston assembly 
in its respective bore. Install with connecting rod 
bearing tang slots on side opposite tarnsbaft. U~ 
J 8037 to compress the rings. Guide the 
connecting rod into place on the crankshaft 
journal. Use a hammer handle and light blows to 
install the piston into the bore. Hold the ring 
compressor firmly apinst the cylinder block 
until all piston rings have entered the cylinder 
bore. 

6. Install the bearing caps and torque nuts to 
specifications. If bearing replacement is required 
refer to •eonnecting Rod Bearings• in this 
section. 
Be sure to install new pistons in the same 
cylinders for which they were fitted .and used 
pistons · in the same cylinder from which they 
were removed. Each connecting rod and bearing 



cap should be marked, ~g at the front ·of 
the engine. 
On V-6 engines, 1, 3 and s·are in the·rightbank 
and 2, 4 and 6 are in the left bank. The numbers 
on the connecting rod and bearing cap must be on 
the same side when installed in the cylinder bore. 
If a connecting rod is ever transposed from one 
block or cylinder to another, new bearings should 
be fitted and the connecting rod should be 
numbered to COffl!lpODd with the new cylinder 
number. 

NOTCH TO 
FRONT Of 
ENGINE 

p 

Figure 24 - Piston 
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Figure 26 ~ Ring Gap Locations 

Piston Selection 

w 

1. Remove all rings from pistons to be fitted. It is 
not necessary to separate rods from pistons. If an 
excess amount of varnish or carbon appears as a 
ridge at the top of the cylinder, remove. by 
scraping or sanding. 

2. Wipe bores and pistons clean, removing oil or 
other foreign material. Select a piston-rod 
assembly for the bore to be fitted, or piston and 
pin if a new piston is being fitted, and position 
down into the bore with the top of piston down. 
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The piston should fall free by its own weight 
through the bore when the bottom of the piston 
skirt is 12 to 25 mm (0.5 to 1.0 inch) from·top of 
block. · 

NOTICE: Caution must be used to insure piston 
is not damaged when it •falls• through the 
cylinder. If the piston does not •fall• freely, the 
piston fit is too tight and another piston should be 
selected until the piston will slide freely through 
the bore withou~ any force being applied. Mark 
piston and bore for proper assembly. 

3. After a piston that will slide freely through a 
bore, has been selected it must be determined if 
piston fit will be too loose. This is done by placing 
a 0.060 mm feeler gage for used pistons and a .OSO 
mm feeler gage for new pistons at leaat 150 mm 
(6 inches) long and not over 12 mm (0.5 inch) 
wide, down into the same bore with selected 
piston while holding feeler to top of the bore. 

4. Position selected piston and feeler down into the 
bore until the bottom of the skirt is again 12 to 
25 mm (0.5 to 1.0 inch) from top of block, being 
sure that the feeler gage is 90 degrees from the 
pin. If the piston hangs on the feeler gage and 
does not fall free, it indicates that the piston is 
correctly fitted to that re.,pective bore. Mark both 
piston and bore before going to the next bore. If 
the piston fell free during this check with thtf 
0,060 mm feeler gage (0.050 mm feeler gage for 
new pistons) then that particular piston is too small 
for the bore and a larger diametet:' piston will be 
required. 
When checking more than one bore, it is po&Slble 

that what may be a piston too small for one bore will 
be a correct fit in another. 

2.1 LITER V-1 
SEIIVICE ,tSTQ,..S 

TYPE CODE SIZE 

STD 
St • . rn1--.n14 

SI n .01c-n.021 
HI SI ■lln:JO'J_..nan · 

LIMIT 57 •. oco-•.ou 
I aso1-n.s1c 

50 2 N.514-U.527 
0 S. 3 N .127--.540 

4 19.540-N.553 
1 I0.001-90.014 

10 2 90.014-90.027 
0 s. 3 IQ.027-90.040 

4 to.oeo-90.053 

p 

Figure 26 - Service Pistons 

Piston Rings 

When new piston rings are installed without 
rcboring cylinders, the glazed cylinder walls should be 
slightly dulled, without increasing the bore diameter, 
with the finest grade of stones in a cylinder hone. 
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New piston rings must be checked for clearance 
in pis.ton grooves an~ for gap in cylinder bores. The 
cylinder bores and piston grooves must be clean, dry 
and free of carbon and burrs. 

With rings installed, check clearance in grooves 
by inserting feeler gages between each ring and its 
lower land because any wear that occurs forms a step 
at inner portion of the lower land 

If the piston grooves b.Jve worn to the extent that 
relatively high steps exist on the lower lands, the piston 
should be rep]aced because the steps will interfere with 
the operation of new rings and the ring clearances ~ 
be excessive. Piston rings are not furnished in oversize 
widths to compensate for ring groove wear. 

All compression rings are marked on the upper 
side of the ring. When installing compression rings, 
make sure the marked side is toward the top of the 
piston. The top ring is treated with molybdenum for 
.maximum life. 

The oil control rings are of three piece type, 
consisting of two segments (rails) and a spacer. 

. Piston Ring Selection 
Rgure, 21 and 28 

1. Seltct rings comparable in size to the piston being 
osecl. 

2. Slip the compression ringa in the cylinder bore; 
then press the ring down into the cylinder bore 
about 6 mm (0.2 inch) above ring travel. Be sure 
ring is square with cylinder wall. 

3. Measure the space or gap between the ends of the 
ring with a feeler gage (Figure 28). 

4. If the gap between the ends of the ring is below 
specifications, remove the ring and try another 
for fit. 

S. Fit each compression ring to the cylinder in 
which it is going to be used. 

6. If the pistons have not been cleaned and inspected 
as previously outlined, do so. 

7. Slip the outer surface of the top and second 
compression ring into the respective piston ring. 
groove and roll the ring entirely around the 
groove (Figure 27). If binding occurs at any 
point, the cause should be determined. If there is 
a ring groove, remoye by dressing with a fine cut 
file. If the binding is caused by a distorted ring, 
check a new ring. 

Installation 
1. Inst.all oil ring spacer in groove being sure ends 

are butted and not overlapped 
2. Hold spacer ends butted and install lower steel oil 

ring rail. 
3. Install upper steel oil ring rail with gap staggered. 
4. Flex th~ oil ring assembly to make sure ring is 

free. If binding occurs, the cause should be 
determined. If caused by ring ,groove, remove by 
dressing groove with a fine cut file. If binding is 
caused by a distorted ring. check a new ring. 

5. Install seoond compression ring. Stagger gap 
from other rings. 

6 • .. Install top compression ring with gap properly. 
located 

-----

Figure 27 - Measuring Ring Gap 

Figure 28 - Checking Ring In Groove 

MAIN BEARINGS 
Rgurn 29 and 30 

p 
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Main bearings are of the precision insert type and 
do not utilize shims for adjustment. If ,::learances are 
found to be excessive, a new bearing, both upper and 
lower halves, will be required. Service bearings are 
available in standard siu and undersize. 

Selective fitting of both rod and main bearing 
inserts is necessary in production in order to obtain 
close tolerances. For this reason you may find one half 
of a standard insert, with one half of a, 0.016 mm 
undersize insert which will decrease the clearance: 
0.008 mm (0.0003 inch) from using a full standard 
bearing. 

Inspection 
In general, the lower half of the bearing (except 

number 1 bearing) shows a greater wear and the most 
distress front fatigue. If upon inspection the lower half 



is suitable for use, it can be asumed that the upper half 
is also satisfactory. If the lower half shows evidence of 
wear or damage, both upper and lower halves should 
be replaced. Never replace one half without replacing 
the other half. 

Main Bearing Fitting 
Checking Clearance 

To obtain the most accurate results with 
PJastigage or its equivalent, certain precautions should 
be observed. If the engine is out of the vehicle and 
upside down, the crankshaft will rest on the upper 
bearings and the total clearance can be measured 
betwccn the lower bearing and joumal. If the engine is 
to remain in the vehicle, the crankshaft should be 
supported both front and rear to remove the clearance 
from the upper bearing. The total clearance can then 
be measured between the lower bearing and journal. 
When checking number I main bearing, loosen 
accessory drive belts so as to prevent tapered reading 
with plastic gage. 

NOTICE: To assure the proper seating of the 
crankshaft, all bearing cap bolts should be at their 
~ torque. In addition, prior to checking the 
bearing fit, the surface of the crankshaft journal 
and bearing should be wiped clean of oil. 

L 

1. With the oil pan and oil pUJDp removed, and 
starting with the rear main bearing, remove 
bearing cap and wipe oil fromjoumal and bearing 
cap. 

2. Place a piece of gaging plastic the full width of the 
bearing, parallel to the crankshaft on the journal. 
Do not rotate the crankshaft while the gaging 
plastic is between the bearing and journal. 

3. Install the bearing cap and evenly torque the 
retaining bolts to 99 N • m (73 lb. ft.). Bearing cap 
must be toI'CJ_ued to specification in order to assure 
proper reading. Variations in torque affect the 
compression of the plastic gage. 

4. Remove bearing cap. The flattened gaging plastic 
will be found adhering to either the bearing shell 
or journal. 

5. ()n the edge of P.8ll1f plastic envelope, there is a 
graduated scale that IS correlated in thousandths 
of a millimeter. Without removing the gaging 
plastic, measure its compressed width at the 
widest point with the graduations on the gaging 
plastic envelope. Normally, main bearing 
journals wear evenly and are not out-of-round. 
However, if a bearing is being fitted to an 
out-of-round (0.025 mm (0.001 inch) max.), be 
sure to fit to the maximum diameter of the 
joumaL If the ,bearing is fitted to the minimum 
diameter and the journal is out-of-round 0.025 
mm (0.001 inch), interference between the 
bearing and journal will result in rapid bearing 
failure. If the flattened gaging plastic tapen 
toward the middle or ends, there is a difference 
in clearance indicating taper, low spot or other 
irregularity of the bearing or journal. Be sure to 
measure the journal with a micrometer if the 
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flattened gaging plastie inctieat,es more than 0.025 
mm (0.001 inch) difference. 

6. If the bearing clearance is within specificationS; 
the i.-..:..ff insert is ·--ft ..... _ . •If th c1earance - . ._...1.1.16 IMIWA'-u.1ry e 
is not within specifications, replace the insert. 
Always replace both upper and lower inserts as 
a unit. 

7. A standard.. 0.016 mm and 0.032 mm ·undersize 
bearing may produce the proper clearance. If not, 
it will be necessary to regrind the crankshaft 
journal for use with the next undersi7.e bearing. 
After selecting new bearing, recheck clearance. 

8. Proceed to the next bearing. After all bearings 
have been checked rotate the crankshaft to see 
that there is no excessive drag. 

9. Measure crankshaft end play (see specifications) 
by forcing the crankshaft to the extreme front 
position. Measure at the front end of the number 
3 main bearing with a feeler gage (Figure 30). 

10. Install a new rear main bearing oil seal in the 
cylinder block and main bearing cap. 

Replacement 
Main bearings may be replaced with or without 

removing the crankshaft. 

With Crankshaft Removal 
1. Remove and inspect the crankshaft. Refer to 

•Crankshaft• in this section. 
2. Remove the main bearings from the cylinder 

block and main bearing caps. 
3. Coat bearing surfaces of new, correct si7.e, main 

bearings with oil and install in the cylinder block 
and main bearing caps. 

4. Install crankshaft. Refer to "Crankshaft" in this 
section. 

Without Crankshaft Removal 
1. With oil pan. oil pump and spark plugs removed, 

remove cap of main · bearing requiring 
replacement and remove bearing from cap. 

2. Install a main bearing removing and installing 
tool in oil bole in crankshaft journal. If such a 
tool is not available, a cotter pin may be bent as 
required to do the job. 

3. Rotate the crankshaft clockwise as viewed from 
the front of engine. This will roll upper bearing 
out of block. 

4. Oil new selected size upper bearing and insert 
plain. unnotched .end between crankshaft an<l. 
indented or notched side of block. Rotate the 
bearing into place and remove tool from oil hole 
in crankshaft jo~. Inspect for burrs at oil 
holes, remove if required. 

5. Oil new lower bearing and install in bearing cap. 
6. Install main bearing cap with arrows pointing 

toward front of engine. 
7. Torque all main bearing caps, except the number 

3 main cap, to 99 N • m (73 lb. ft.). Torque number 
3 main bearing cap to 15 N ·m (11 lb. ft.) then tap 
end of crankshaft, first rearward then forward 
with a leacl hammer. This will line up rear main 
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bearinJ and crankshaft thrust surfaces. Retorque 
all mam bearing caps to 99 N ·m (73 lb. ft.). 

Aff'I.Y OIL TO ALL MAIM IIAIINGS 
AT ASSl!MILV 0, C~ICSHAfT. 

~ WITH Alf/OW 0M CAP 
TOWAID FION1' 01' !HOINE. 
(1, 2 & :a ONLY). 

Agure 29 - Main Bearings 

Figure 30 - Measuring Crankshaft End Play 

FLYWHEEL 

Manual Transmiuion 

Refer to CLUfCH (SEC. 7C) for removal of 
flywheel. 

Autometic Transmission 

Ramaval 

1. - Remove the transmission. 
TRANSMISSION 
INFORMATION AND 
SERVICE (SEC. 7A). 

Refer to 
GENERAL 

ON-VEHICLE 

2. Remove the bolts attaching the flywheel to the 
crankshaft. . 

3. Remove the flywheeL 

Installation 
1. Position the flywheel to the cranbbaft, aligning 

the dowel pin on the crankahaft to the prpper hole 
on the flywheel. 

2. Install the bolts retaining the flywheel to tlie 
crankshaft. 

l~I Tighten 
• Flywheel-to-crankshaft bolts to 70 N ·m (52 

lb. ft.). 
3. Install the transmission. Refer to 

TRANSMISSION GENERAL 
INFORMATION AND ON-VEHICLE 
SER.VICE (SEC. 7A). 

Flywheel Balancing 
For flywheel balancing. refer to 

TRANSMISSION GENERAL INFORMATION 
AND ON-VEHICLE SERVICE (SEC. 7A). 

REAR CRANKSHAFT SEAL 
rtgUIN 31 through 33 
Repair 

1. Remove transmiss;on. 
TRANSMISSION 
INFORMATION AND 
SERVICE (SEC. 7A) 
TRANSMISSION (SEC 7B). 

Refer to 
GENERAL 

ON-VEHICLE 
or MANUAL 

2. Remove flywheel. Refer to •Flywheel• in this 
section. 

3. Old seal, insert a screwdriver or similar tool 
throush the dust lip at an angle as shown in 
Figure 31. Pry seal out by moving handl~ of tool 
towards the end of the crankshaft. Repeat as 
required around .the seal until seal is removed. 

NOTICE: Care must be taken not to damage the 
crankshaft outside diameter surface with the pry 
tool. 

4. Check the inside diameter of bore for knicks or 
burrs and correct as required. Impect cranbhaft 
for burrs or knicks that contact. seal. Repair or 
replace crankshaft as required. 

5. Install new seal using J 34686 (Figure 32). 
6. Apply a light coat of oil to inside diameter of new 

seal and install over mandril, slide the seal in the 
mandril until the dust lip at back of seal bottoms 
squarely against collar of tool (Figure 33). 

7. Align dowel pin of tool with dowel pin hole in 
crankshaft and attach tool to crankshaft by hand 
or torque attaching screw to 2. 7 to 6.8 N • m (24 
to 60 lb. in.). 

8. Turn •y• handle of tool so that collar pushes seal 
into the bore, tum handle until the collar is tight 
against the case. This will insure that the seal is 
seated properly. 

9. Loosen the •T• handle of the tool until it comes 
to-a stop. This will insure that the collar will be 
in the proper position for installing a new seal. 
Remove attaching screws. 



10. Check seal, making sure seal is seated squarely in 
the bore. 

11. Install flywheel Refer to "Flywheel" in this 
section. 

12. ID8tall ttaosmission. Refer . to TRANSMISSION 
GENERAL INFORMATION AND 
ON-VEIIlCLE SERVICE (SEC. 7A) or 
MANUAL TRANSMISSION (SEC. 7B). 

13. Start engine, check for leaks. 

J1021 

Figure 31 - Removing Seal 

SPRING SIDE DUSTUPSIDE 

SEAL BORE TO SEAL SURFACE 
TO BE LUBA ICATED 
WITH ENGINE OIL BEFORE 
ASSEMBLY 

J-34888 

J10 

Figure 32 - Seal and J 34686 

ENGINE ASSEMBLY 
Removal 

1. Disconnect battery. 
2. Remove air cleaner. 
3. Remove hood. 
4. Discharge air conditioning. 
5. Disconnect air conditioning lines. 
6. Drain radiator. 
7. Remove lower radiator hose. 
8. Remove upper fan shroud. 
9. Remove upper radiator hose and coolant 

recovery hose. 
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ALIGNMENT HOLE 

J 

Figure 33 - fnstalllng Seal 

10. Remove transmission cooler lines. 
11. Remove radiator. 
12. Remove fan assembly. 
13. Remove heater hoses. 
14. Disconnect throttle linkage, including cruise 

control detent cable. 
15. Remove vacuum brake booster line. 
16. Remove distributor cap and lay wiring aside. 
17. Disconnect necessary wires and hoses. 
18. Remove power steering pump and lav aside. 
19. Raise vehicle. 
20. Remove exhaust pipes at exhaust manifold 
21. Remove dust cover. 
22. Remove converter bolts. 
23. Disconnect starter wires. 
24. Remove bell housing bolts. 
25. Remove motor mount through bolts. 
26. Disconnect fuel lines at fuel pump. 
27. Lower vehicle. 
28. Support tmWDission. 
29. Remove A.LR./converter pipes bracket. 
30. Remove engine, include removing wire from 

bracket at rear left of engine. 

Installation 
1. Position engine assembly in vehicle. 
2. Attach motor mount to engine brackets and 

lower engine in place. 
3. Remove engine lifting device. 
4. Remove transmission floor jack. 
S. Raise vehicle on hoist: 
6. Install mount •through" bolts. Torque to 

specifications. 
7. Install bell housing bolts. Torque to 

specifications. 
8. On vehicles with automatic tnmsmission, install 

converter to flywheel attaching bolts. Torque to 
specifications. 

9. Install flywheel splash shield or converter 
housing cover as applicable. Torque attaching 
bolts to specifications. 
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10. Install starter wires. 
11. Connect fuel lines. 
12. Connect exhaust pipe at manifold 
13. Lower vehicle on hoist. 
14. Reinstall power steering pump, if so eqwpped. 
15. Connect necessary wires and hoses. 
16. Install radiator and fan shroud and reconnect 

radiator and heater hoses. 
17. Fill cooling system. 
18. Fill crankcase with oil See owner's manual for 

specifications. 
19. Install air cleaner. 
20. Install hood 

NOTICE: To avoid poss1ole arcing of battery, 
connect positive battery cable first. 

21. Connect battery cables. 
22. Connect air conditioning lines. 
23. Charge air conditioning system. 
24. Start engine, check for leaks and check timing. 

Cylinder Block Service 
F,gure34 

Hone or more cylinder bores are rough, scored 
or wom beyond limits. it will be necessary to smooth 
or true up such bores to fit new-pistons. 

ff relatively few bores require correction, it will 
not be n.ecasary to rebore all cylinders to the same 
oversize in order to maintain engine balance. All 
oversize service pistons (Flpre 26) are held to the same 
weights as standard si7.e piltons. 

No attempt should be made to cut down oversize 
pistons to fit cylinder bores as this will destroy the 
surface treatment and affect the weight The smallest 
J>OSSIOle oversize service pistons should be used and the 
cylinder bores should be honed to si7.e for proper 
clearances. 

Before the honing or reboring operation is 
started, measure all new pistons with micrometer 
contacting at points eucUy 90 degrees from piston pin 
centerline then select the smallest piston for the first 
fitting. The slight variation usually found beween 
pistons in a set may provide for correction in case the 
first piston is fitted too free. 

ff wear at top of cylinder does not exceed 0.10 
mm (0.004 inch) on the diameter or exceed 0.10 mm 
out-of-round, honing is recommended for truing the 
bore. ff wear or out-of-round cxccccls these limits, the 
bore should be trued up with a boring bar of the fly 
cutter. type, then filiish honed 

When reboring cylinders, all crankshaft bearing 
caps must be in place and tightened to proper torque 
to avoid distortion of bores in final assembly. Always 
be sure the crankshaft is out of the way of the boring 
cutter when boring each cylinder. When taking the 
final cut with boring bar, leave 0.02S mm (0.001 inch) 
on the diameter for finish honing to give the required 
clearance specified. 

When honing cylinders, use clean sharp hones of 
proper grade for the amount of metal to be removed, 
m accordance with manufacturer's instructions. Dull 

or ~ stones cut unevenly and generate ~ve 
heat. When using coarse or medhun grade lltones use 
care to leave sufficient metal so that all stone jnarb 
may be removed with the fine stones used for finishing 
to provide proper clearance. 

- · It is important that refinished cylinder bores are 
trued up to have not over 0.02 ~ (0.0008 . inch) 
out.of-round or taper. Each bore must be final honed 
to remove all stone or cutter marks and provide a 
smooth surface. During final boning, each piston must 
be fitted individually to the bore in which it will be 
installed and should be marked to insure correct 
installation. 

After final honing and before the piston is 
checked for fit, each cylinder bore must be thoroughly 
washed to remove all traces of abrasives and then dried 
thoroughly. The dry bore should then be brushed clean 
with a power-driven fiber brush. H all traces of the 
abrasives are not removed, rapid wear of new pistons 
and rings will result. 

HONED SURF ACE 

1. Cross Hatch Angle '20° • 32° 

2. Uniformly Cut in Both Directions 

3. Clean Cut Not Sharp Free of Torn and 
Folded Metal 

4. Micro Ave. 10-20 Micro tn. (0.25-4.30 
micromlten) Range 10-15 micro in. 
(0.25-0.38 micrometm) 

5. Cross Hatch Aw . .0004"·.0008" Wide 
Range .0002"·.0009" 

6. Croa Hatch Ave • .00015'"•.00025" ONp 
Range .0001 "· .0003" 

7. Plateiu to bt 1 /2 to 2/3 of Surface 

8. Fr• of Burnish or Glue 

9. Free of lmbedded Pwricles 
·-- - ----

Figure 34 - Honing Specffication• 

CRANKSHAFT 
The crankshaft can be removed while the engine 

is dissaserobled for overhaul, or without complete 
disassembly. 

Removal 
1. With the engine removed from the vchic~ 

remove the clutch assembly (if equipped) and 
flywheel. Mount engine in stand and clamp 
securely. 

2; Remove the spark plugs. 
3. Remove crankshaft pulley and torsional damper. 

Refer to "Torsional Damper" in this section. 
4. Remove oil pan and oil pump. Refer to "Oil 

Pump" in this section. · 
5. Remove coolant pump, engine front cover, 

camshaft sprocket and timing chain. Refer to 
"Timing Chain and Sprockets" in this section. 



6. Check the connecting rod caps for cylinder 
number identification. If necessary, mark them. 

7. R;emove the connecting rod caps and pusJi the 
ptstona to top of bores. 

. 8. Remove main bearing caps and lift crankshaft out 
of cylinder block. 

9. Remove rear main bearing oil seal and main 
bearings from cylinder block and main bearing 
caps. 

Cleaning and Inspection 

1. Wash crankshaft in solvent . and dry with 
compressed air. 

2. Measure dimensions of main bearing journals and 
crankpins with a micrometer for out..of-round, 
taper or undersize (See Specifications). 

3. Check crankshaft for run-out by supporting at 
the front and rear main bearings journals in "V'' 
blocks and check at the front and rear 
intermediate journals with a dial indicator (See 
Specifications). . 

4. Replace or recondition the crankshaft if out of 
specifications. 

Installation 
1. Install rear main bearing oil seal in cylinder block 

and rear bearing cap gl'QOVes. 
2. Lubricate seal with engine oil. Keep oil off 

parting line surface. 
3. Install main bearings in cylinder block and main 

bearing caps then lubricate bearing surface with 
engine oil. 

4. Install crankshaft. being careful not to damage 
bearing surfaces. 

5. Recheck bearing clearances using Plastigage or 
equivalent. 

6. Apply a thin coat of an aerobic sealant number 
1052357 or equivalent to rear of the block 
connecting surface of corresponding surface or 
rear main cap only. Do not allow sealer on 
crankshaft or seal. 

7. Install main bearing caps with arrow pointing 
toward front of engine. 

8. Torque all ~cept_ number 3 main ~g cap 
bolts to specifications. Torque measure 3 main 
bearing cap bolts. to 14-16 N ·m (10-12 lb. ft.) then 
tap end of crankshaft, first rearward then forward 
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. with a lead hammer, Thia 'will line up rear main 
bearing and crankshaft thrust surfaces. Retorque 
all main bearing cap bolts to specifications. 

9. . Measure crankshaft end play with a feeler gage. 
: Fotce crankshaft forward and measure clearance 
between the front of the number 3 main bearing 
and crankshaft thrust surface. 

10. Install timing chain, camshaft ~rocket, 
crankcase front cover and coolant pump · Refer to 
•Tmiing Chain and Sprockets• in this ~on. 

11. ~ oil p~p and oil pan. Refer to •oo Pump• 
m this section. 

12. Install torsional damper and crankshaft pulley. 
Refer to •Torsional Damper• in this section. 

13. Install spark plugs. 
14. Install flywheel and torque to specifications. 

Sprocket or Gear Replacement 
Remove crankshaft sprocket using J 5825-A, 

install using J 5590. 

THREAD REPAIR 
Figure36 

. . Damaged ~ may ~ re-conditioned by 
drilling out, re.threading and mstalling a suitable 
thread insert. 

CAUTION: Wear safety glasses to 
avoid eye damage. 

1. Determine me, pitch and depth of damaged 
thread. If necessary, adjust StOj> collars on cutting 
tool and tap ta the required depth. 
• Refer to the kit manufacturer's instructions 

. regarding the size of drill and rap to be used. 
2. Drill out damaged thread. Clean out chips. 
3. Tap hole. Lubricate tap with light engine oil. 

Clean the thread. 
• Avoid build-up of chips. Back the tap out 

every few turns and remove chips. 
4. Thn:ad the thread insert onto the mandrel of the 

installer. Engage the tang of the insert onto the 
end of the mandrel 

S. Lubricate the insert with light engine oil, except 
when installing in aluminum, and install. 

• When correctly installed, the insert should 
be flush to one tum below the surface. 

6. If the tang of the insert does not break off when 
backing out the installer, break the tang off with 
a drift pin. · 
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STEP 2 STEP 3 STEP 4 STEP 5 

ICDCMeSM ■ IIP 

Figure 36 - Repairing Threaded Holes 

SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

Oil Lever Indicator Guide Tube Nut ........................... ~·················· ................. 37 N •m (27 lb. ft.) 
Camshaft Sprocket .................................................................................. 20-3S ·N·m (15-26 lb. ft.) 
Camshaft Rear Cover ............................................................................. 8-12 N•m (71-106 lb. in.) 
Connecting Rod Cap ............................................................................... 46-60 N ·m (34-44 lb. ft.) 
Torsional Damper ................................................................................. 90-115 N•m (66-85 lb. ft.) 
Distributor Hold Down :Bolt .................................................................... 27-4 N·m (20-30 Jb. ft.) 
Rxbaust Manifold .................................................................................... 25-42 N·m (18-31 lb. ft.) 
Water Drain Plug ....... - ........................................................................ 11-14 N ·m (97-124 lb. in.) 
Thermostat Housing ..... ,. ......................................................................... 20-30 N·m (15-22 lb. ft.) 
I..ower Intake Manifold ........................................................................... 18-34 N ·m (13-25 lb. ft.) 
Center Intake Manifold ........................................................................... 18-24 N·m (13-18 lb. ft.) 
Tuning Chain Damper ............................................................................ 18-24 N ·m (13-18 lb. ft.) 
Rocker Arm Nut .................................................................................... 6-14 ·N•m (53-124 lb. in.) 
Valve Cover ................................................................................................. 8-20 N·m (6-15 lb. ft.) 
Spark Plug ............................................................................................... 23-45 N·m (17:-33 lb. ft.) 
Flywheel-to-Crankshaft Bolts ................................................................. 61-80 N·m (45-59 lb. ft.) 
Oil Pan 

M8x1.2Sx14.0 ...................................................................................... 20-30 N·m (15-22 lb. ft.) 
M6xlx16.0 ........................................................................................... 8-12 N·m (71-106 lb. in.) 

Main Bearing Cap ................................................................................. 85-112 N·m (63-83 lb. ft.) 
Oil Pump ................................................................................................. 35-47 N·m (26-35 lb. ft.) 
ou·Filter Adapter :Bolts .......................................................................... 75-95 N·m (55-70 lb. ft.) 

ENGINE SPECIFICATIONS 

'fYPE .....•...•..............................................••....••....•.•••.........•........•..............................•................ f:1:1' 
DISPLACEMEm ............................................................................................................. :. 2.8 Li'te:r-
RPO .•..•..........................................................................................................•..... , ..........•.......... LBS . 
BORE .••............•.................................•.....................•.............•.............•..................•................•.... 89 
STROKE ...................................................................................................................................... 76 
COMPRESSION RATIO ........................................................................................................ 8.9:1 
FIRING ORDER. .......................................................................................................... 1-2-3-4-5--6 

Cylinder Bore 

DIAMETER .............................................................................................................. 88.992-88.070 
OUT OF ROUND ........................................................................................................... 0.02 Max. 
TAPER.-THRUST SIDE ................................................................................................. 0.02 Max. 
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Piston 

~CE ............................................................................................................... 0.01.7-0.04-3 

Piston Ring 

COMPRESSION 
Groove Clearance 

Top .......................................................................................................................... 0.030-0.070 
Second ..................................................................................................................... 0.040-0.095 

Gap 
Top ............................................................................................................................. 0.25-0.S0 
Secon.d •.•..•.•.•.••...•.•..••.•....••.•••....••..••.•..•••...••..••..•.•.•........•.•.....•....•...•..•••...•.......••.••..... 0.25-0.SO 

OIL 
Groove Clearance ..................................................................................................... 0.0199 Max. 
Gap ................................................................................................................................. 0.51-1.40 

Piston Pin 

DIAMETER ·································••.•······•··········· .. ··················································· CLEA.RANCE ....••................•.... ~ ................................................................................ 0.0065-0.()()91 
FIT IN ROD .................................................................................................... 0.0187-0.0515 Press 

Camshaft 

LIFr 
Intake ..................................................................................................................................... 6.67 
'Exhaust ........................................................................................................................................................................ 6 .. 94 

JOURNAi.. DIAMETER .............................................................................................. 47.44-47.49 
JOURNAi.. CLEARANCE .......................................................................................... 0.026-0.101 

Crankshaft 

MAIN JOURNAi.. 
Diameter All ................................................................................................... 67.241-67.265 mm 
Taper ............................................... ..................................................................................................................... 0.005 Max. 
Out of Round . .................. .......................................... ................................................ 0.005 Max. 

MAIN BEARING CLEARANCE .............................................................................. 0.041-0.081 
MAIN TIIR.UST BEARING CLEARANCE ............................................................. 0.054-0.084 
CRANICSHAFI' END PLAY .................................................................................. 0.06-0.21 mm 
CRANK.PIN 

Diameter .... :............................................................................................................ SO. 784-S0. 758 
Taper ........................................................................................................................... 0.005 Max. 
Out of Round ............................................................................................................. 0.005 Max. 

ROD BE.ARING CLEARANCE ................................................................................. 0.035-0.095 
ROD SIDE CLEARANCE .............................................................................................. 0.16-0.44 

Valve System 

LIFI'BR .... ...... ......... ....... .... ........ ... . .... ...... ......... .. . ................... ..................... ...... ............. Hydraulic 
ROCKER ARM RATIO .. .-...................................................................................................... 1.5:1 
VAL VE LASH ................................................................................. 1-1/2 Tums From Zero Lash 
FACE ANGLE ................ ........................................................................................................... 45" 
SEA.T ANGLE ................................................................................................................................................................................................................................ 46° 
SEAT RUN01.JT ...................................................................................................................... 0.05" 
SEAT WIDTH 

Intake ............................................................................................................................. 1.25-1.50 
Exhaust ........................................................................................................................... 1.60-1.90 

STEM CLEARANCE ................................. .................................................................. 0.026-0.068 
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VALVE SPRING 
Free ~gth . . . .. .... ... .... .. . .... ..... ... ...... ...... .... .. .... .. . ...... .. . ... ........ .... .. .... .. .......... ... . ....... .... ......... .... 48. 5 
Pressure N ·m 

C<>SeCl ....................................................................................................... ·-·······-··················· 391 @ 40 
Open . ...................................................................................................................... .... 867 @ 30 

Install.ed Heigh.t ..•...•....•.••..••.......•...•••...•......••...............••.•.•...••••..•••.••.•........•....•••......•. •••·•·••·•·•• . 40-
DAMPER 

Free ~gth. .. . .. ... . .. .. .. . .. . . .. ..... .. . ......... ... .... .. .. .. .. .. ....... ... .... ... .... ..... .. ......... .. ... ....... ..... .... .. ..... ... 4 7 .2 
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SPECIAL TOOLS 

J5590 

~ J5825-A 

III J5830-02 

0 ~ J5892·B 

le J8037 

~ J8056 

g J8062 

C 

[!] CRANKSHAFT'GEAR 
INSTALLER 

0 CRANKSHAFTGEAR 
. REMOVER 

[II VALVEGUIDEREAMER 
SET 

J 

(INCLUDES J 5830-1, -2, -3, 
-4,-51 

0 VALVESPRING 
COMPRESSOR 
fHEAO-ON) 

[!] CAMSHAFTBEARING 
REMOVER & INSTALLER 

0 PISTON RING 
COMPRESSOR 

J 21882 

12] VALVE SPRING TESTER 

0 VALVE SPRING 
COMPRESSOR 
IHEAD-OFFl 

0 OIL SUCTION PIPE 
INSTALLER 

~ VALVE GUIDE CLEANER 

II!] CAM LOBE LIFT 
INDICATOR 

~ HARMONIC BALANCER 
REMOVER & INSTALLER . 

~ SPARK PLUG PORT 
ADAPTER 
114 mm tapered seat) 

[!!I 

~ 

[ill 

~ 

§] VALVE STEM SEAL 
TESTER IMity-Vacl 

l!!] PISTON PIN REMOVER 
& INSTALLER SET 

G!j HARMONIC BALANCER 
INSTALLER 

(!Z] REAR MAIN BEARING 
OIL SEAL INSTALLER 

G!j FRONT COVER 
ALIGNER & OIL SEAL 
INSTALLER 

J8101 

J8520 

J23523-E 

J 23590 

J 23738-A 

J24086-A 

J 29113 

J34686 

J35468 

ltC111H-M2~ 
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SECTION 6A3 

VS ENGINES 
5.0L VB-RPO L03 

5.0L VB-RPO LB9 

5.7L VS-RPO L9B 
The following •Notice• applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: 'NOTICE: See :'Notice" on page 6A3-1 
of this section.• 

NOTICE: When fasteners are removed. always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 
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Front Mount Replacement ...................... 6A3-5 
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Camshaft ·························•···•········•••·•···•·•···· 6A3-18 

GENERAL DESCRIPTION 
ENGINE CONSTRUCTION 
Cylinder Block 

• 

The cylinder block is made of cast iron and has 
eight cylinders arranged in a •v• shape with four 
cylinders in each bank. rive main bcar:u;lgs support the 
crankshaft which is retained by bearing caps that are 
machined with the block for proper alignment and 

Camshaft Lobe Lift ................................ 6A3-18 
Camshaft Replacement ........................... 6A3-19 

Camshaft Bearings ..................................... 6A3-20 
Valve Spring, Stem Seal and Rotator ......... 6A3-21 
Cylinder Head and Gasket ......................... 6A3-22 · 
Oil Pan ......................................................... 6A3-24 
Oil ~p ...................................................... 6A3-26 
ToI'Slonal Damper ........................................ 6A3-27 
Connecting Rod Bearings ........................... 6A3-28 
Piston and Connecting Rods ...................... 6A3-29 
Main Bearings ............................................. 6A3-32 

Main Bearing Fitting .............................. 6A3-34 
f'Iywheel ...................................................... 6A3-35 

·Flywheel Replacem.ent ............................ 6A3-35 
Flywheel Balancing ................................. 6A3-35 

Rear Crankshaft Seal ................................... 6A3-35 . 
Rear Crankshaft Seal Retain.er and . · 

Gasket ......................................................... 6A3-35 
Engine Assembly .......................................... 6A3-36 

Cylinder Block ......................................... 6A3-38 
C.ranJcsha:ft ..................................................... 6A3-39 
Thread Repair .............................................. 6A3-40 

Specifications ............................................... -..... 6A3-4 l 
Special Tools .................................................... 6A3-45 

clearances. Cylinders are completely encircled by 
coolant jackets. 

Cylinder Heads 

The cast iron cylinder heads feature individual 
intake. and exhaust ports for each cylinder. Valve 
guides arc intep-al. and rocker arms arc retained on 
individual pressed studs. 



8A3-2 VI ENGINES 

Cranbhaft and Bearings 
The crankshaft is cast nodular iron and is 

supported by five main bearings. Number 5 is 'the end 
thrust bearing. 

Main bearings are lubricated from oil holes which 
intersect the camshaft bearings. Thf! camshaft bearings 
are fed oil by the main oil gallery which is rifle drilled 
down the center of the block, above the camshaft, Two 
additional oil galleries are on either side of the main oil 
gallery to provide an oil supply for the hydraulic lifters. 

Camshaft and Drive 
The cast iron camshaft is supported by jive 

bearings and is chain driven. A steel crankshaft 
sprocket drives the timing chain which in tum drives 
the camshaft through a cast iron sprocket. 

. Cam. lobc:5 are ground, hardened and tapered 
with the high stde toward the rear. This, coupled with 
a spherical face on the lifter, causes the valve lifters to 
rotate. · 

C-a'!'M!1ft bearings ~ l~bricated through oil 
holes which mtersect the own oil gallery. The main oil 
gallery is rifle drilled down the center of the block, 
above the camshaft. 

Pistons and Connecting Rods 
The pistons are made of cast aluminum alloy 

using two compression rings ab.cl one oil control ring. 
Piston pins are offset 1.6 mm (1/16 inch) toward the 
thrust side (right band side) to provide a gradual 
chanfe in throat pressure against the cylinder wall as 
the ptston travels 1ts path. Pins are chromium steel and 
have a floating fit in the pistons. They are retained in 
the connecting rods by a press tit. ConnectinJ rods are 
~ of forged steel. Full pressure lubncation is 
directed to t_he connecting rods \:)y drilled oil passages 
from the adJaceot main bearing journal. 

Valve Train 
A very simple ball pivot-type train is used. 

Motion is transmitted from the camshaft through the 
hydraulic lifter and pusbrod to the rocker arm. The 
rocker arm pivots on· its ball and transmits the 
camshaft motion to the valve. The rocker-arm ball is 
retained by a nut. 

Hydraullc Valve Liftan 
Hydraulic valve lifters are used to keep all parts 

of the valve train in constant contact. 
The hydraulic lifter assembly consists of: a roller, 

the lifter body, which rides in the cylinder block boa, 
a p!unger, a pushrod scat, a metering valve, a plunger 
spnng, a check ball and spring, a check ball retainer 
and a pushrod seat retainer. 

When the lifter is riding on the low point of the 
cam, the plunger spring keeps the plunger and pushrod 
seat in contact with the pushrod. 

When the lifter body begins to ride up the cam 
lobe, the check ball cuts off the transfer of oil from the 
reservoir below the plunger. The plunger and lifter 
body_ then rise as a unit, pushing up the pushrod and 
operung the valve. 

As the lifter body rides down the other side of the 
cam, the plunger follows with it until the valve closes. 

The lifter. body continues to follow the cam to its low 
point, but. the plunger spring keeps the plunger in 
contact wi#l the pushrod. The ball check valve will 
then move pff its scat and the lifter reservoir will· 
remain full 

Intake Manifold 
The intake manifold is made of cast iron or 

aluminum double level design for efficient fuel 
distn"bution. An Exhaust Gas Recirculation (EGR) 
port is also cast into the manifold for the mixture of 
exhaust gases with the fuel air mixture. 

The intake manifold for those vehicles equipped 
with Port Fuel Injection (PFI) is a cast aluminum unit. 
It centrally supports a fuel rail with eight fuel injectors. 

Exhaust Manifolds 
Two cast iron exhaust manifolds are used to 

direct exhaust gases from the combustion chambers to 
the exhaust system. The left hand side· manifold 
receives a heat shield that is used to route heated air 
to the air cleaner for better fuel vaporization during 
warmup. 

Combustion Chamban 
Combustion chambers are cast to insure uniform 

shape for all cylinders. Spark plugs are located between 
the intake and exhaust valves. The contoured wedge 
shape of the combustion chamber mjnimi:res die 
possibility of detonation, facilitates breathing and 
provides swirling turbulence for smooth, complete 
combustion. 

ENGINE LUBRICATION 
Figut'ff f and 2 

The gear-type oil pump is driven from the 
distn"butor shaft, which is gear-driven from. the 
carnsbafL Oil is drawn into the oil pump through a 
pickup scn:en and pipe. 

Pressurized oil is routed to the oil filter. In case 
of excessive oil pressure, .a bypass valve is provided. 
Filtered oil flows into the main gallery and then to the 
camshaft and crankshaft bearings. The valve lifter oil 
gallery supplies oil to the valve lifters. Oil flows from 
the hydraulic lifters through the hollow puahrods to 
the rocker arms. Oil from the overhead. drains back to 
the crankcase through oil drain holes. 

The timing chain is drip-fed from the front 
camshaft bearing. The pisions and piston pins are 
lubricated by oil splash. 

ON-VEHICLE SERVICE 
SERPENTINE DRIVE BELT 

For information on routing and tensioning the 
serpentine drive belt, refer to COOLING AND 
RADIATOR (SEC 6B). 

ENGINE MOUNTS 
Flgur, 3 

NOTICE: Broken or deteriorated mounts can 
cause the misalignment and eventual destruction 
of certain drivetrain components. When a single 
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mount breakage occun, the remainin.g mounts are 
subjected to abnormally high stresses. 

Checking Engine Mounts 
Front Engine Mounts 

IL!] ln~pect 

NOTICE: When raising or supporting the engine 
for any reason, do not use a jack under the oil pan, 
crankshaft pulley, or any sheet metal Due to the 
small clearance between the oil pan and the _oil 
pump screen, jacking against the oil pan may cause 
1t to be bent against the pump screen. resulting in 
a damaged_ oil pick.up unit. 

• Raise the engine to remove weight from the 
mounts and to place a slight tension on the rubber 
cushion. Observe both mounts while .raising the 
engine. 

• Replace the mount if the following conditions 
exist: 
- Hard rubber surface covered with heat 

check cracks. 
- Rubbc;r cushion separated from the metal 

plate of the mount. 
- Rubber cushion saJ.it through the center. 

• If there is movement between a metal plate of the 
mount and its attaohjng points, lower the engine 
and tighten the bolts or nuts attaching the mount 
to the engine, frame, or bracket. 

Rear Mount 

IL•I Inspect 
• Push up and pull down on the transmission 

tailshaft. Observe the transmission mount. 
• Replace the mount if the following conditions 

exist: 
- Rubber cushion separated from the metal 

plate of the mounting. 
- Mount bottomed out (tailshaft can be 

moved up but not down). 
• If there is relative movement between a metal 

plate of the mount and its attaching point, tighten 
the bolts or nuts attaching the mount to the 
transmission or crossmember. 

Front Mount Replacement 
Figure 3 

E3 Remove or Diaconnect 

NOTICE: When raising or supporting the engine 
for any reason, do not use a jack under the oil pan, 
crankshaft pulley, or: any sheet metal. Due to the 
small clearance between the oil P.an and the oil 
pump screen, jacking against the od pan may cause 
it to be bent against the pump screen, resulting in 
a damaged oil pickup unit. 

• Support the engine with a suitable jack. Do not 
load the engine mount (1). 

VS ENGINES 8A3-& 

1. Engine mount through-bolt (6) and nut (2). 

NOT_ICE: Raise the engine only ~ough for 
sufficient clearance. Check for any mterference 
be~een the rear of ~e engine and the dash panel 
which could cause distn'butor housing damage. 

• Raise the engine only enough to permit remonl 
of the engine mount (1). 

2. Mount assembly bolts (4), nuts (8), and washers 
(5). . 

3. Mount (1). a Install or Connect 

1. Mount (1) to engine and crossmember. 

NOTICE: See ' Notice• on page 6A3-1 of this 
. section for steps 2, 3 and 4. 

2. Mount bolts (4), nuts (8), and washers (S). 

l~I Tighten 
• Bolts (4) and nuts (8) to 52 N ·m (38 lb. ft.). 

3. Engine mount through-bolt (6). 
• Lower the engine until the bolt (6) can be 

inserted. 
4. Through-bolt nut (2). 

,~, Tighten 

• Through-bolt nut (2) to 68 N ·m (50 lb. ft.). 

Rear Mount Replacement 

l++I Remove or Disconnect 

NOTICE: When raising or supporting the engine 
for any reason, do not use a jack under the oil pan, 
crankshaft pulley, or any sheet metal. Due to the 
small clearance between the oil pan and the oil 
pump screen, jacking against the oil pan may cause 
1t to be bent against the pump screen, resulting in 
a damaged pickup unit. 

• S~port the rear of the engine to relieve the 
weight on the rear mount. 

1. Mount to crossmember nut (11) and washer (12). 
2. Mount to transmission bolt (10). 
• Raise the rear of the engine only enough to permit 

removal of the mount (9). 
3. Mount (9). a Install or Connect 

1. Mount (9); 
• Lower the rear of the engine. 

NOTICE: See 'Notice• on page 6A3-1 of this 
section. 

2. Mounting to transmission bolt (10). 
3. Mounting to crossmember nut (11) and washer 

(12). 
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~ Tighten 

• Bolts (10) to 54 N ·m {40 lb. ft.). · 
• Nut {11) to 47 ·N ·m {35 lb. ft.). 

OIL LEVEL INDICATOR AND TUBE 

E3 Remove or Disconnect 

1. Negative{-) battery cable. 
2. Oil level indicator from tube. 
3. Nut attaching the bracket to engine. 
4. Oil level indicator tube with the bracket. 

Ill Clean 
• Oil level indicator and tube with suitable solvent. 

E3 Install or Connect . 

• Apply sealant (GM part number 1052080 or 
equivalent) arowid tube 13 mm {1/2-inch) below 
bead. 

1. Oil level indicator tube in block. 
• Rotate the tube intq, position. 

NOTICE: See •Notice• on page 6A3-l of this 
section. 

2. Nut to bracket 

l~I Tighten 
• Nut to 34 N ·m {2S lb. ft.). 

3. Oil level indicator into tube. 
4. Negative(-) battery cable. 

INTAKE MANIFOLD 
Flr,ul'8S 4 and 5 

L03 Engine 

E3 Remove or Diaconnact 

1. Negative {-) battery cable. 
2. Air cleaner. Refer to DRIVEABil..ITY AND 

EMISSIONS - FUEL INJECTION (TBI) (SBC 
6E2). 

• Drain the radiator. 
3. Throttle . body assembly. Refer to 

DRIVEABILITY AND EMISSIONS - FUEL 
INJEcnON (TBI) (SEC. 6E2). 

4. Computer command control harness and lay 
aside on VS engines. 

S. Upper radiator hose at thermostat housing and 
heater hose at intake manifold (12). 

6. Thermostat housing and gasket. Refer to 
COOLING AND RADIATOR (SEC. 6B). 

7. Necessary wires and hoses. 
8. Fuel pipes at AIR control valve bracket. 
9. Fuel line clips and lines. as necessary. 

10. Accelerator and TV cable bracket. 
11. Spark plug wires at distributor cap. 

12. EGR valve.· Refer to DR.IVEABILITY AND 
EMISSIONS - l1UBI. INJECTION_(TBI) (SEC. 
6E2). 

13. Distributor cap. 
• Mark position of the rotor. 

14. Distributor. Refer to IGNITION SYSTEM 
(SEC. 604). 

15. Coil 
16. Coolant temperature sensor. 
17. Intake manifold bolts (16) and studs (lS). 
18.' Intake manifold (17). 

~ Clean 
• Gasket and seal surfaces on intake manifold (17), 

cylinder block, and cylinder heads {20) with 
degreaser. 

• Remove all loose RTV. 

E3 Install or Connect 

1. Gaskets (18 and 19) on cylinder heads (20), · 
• Apply a 5 mm (3/16-inch) bead of RTV sealer, 

part number 1052289 or equivalent, on the front 
and rear of the cylinder block. 

• Extend the RTV bead 13mm (1/2 inch) up each 
cylinder head (20) to seal and retain the gaskets. 

2. Intake manifold {17). 

NOTICE: See •Notice' on page 6A3-1 of this 
section. 

3. Intake manifold retaining bolts (16) and studs 
(lS). 

,~, lighten 

• Bolts (16) and studs (IS) alternately in 
proper sequence to 47 N ·m (35 lb. ft.). 

4. Computer command control harness. 
S. Coolant temperature sensor. 
6. Distributor. Refer to IGNITION SYSTEM 

(SEC. 6D4). 
• Align rotor with mark. 

7. Distributor cap. 
8. Coil. 
9. Spark plug wires at distn"butor cap. 

10. Accelerator and TV cable bracket. 
11. Fuel line clips and lines as necessary. 
12. Fuel pipes at AIR control valve bracket. 
13. Necessary wires and hoses. 
14. EGR valve. Refer to DRIVEABILITY AND 

EMISSIONS - FUEL INJECTION (TBI) (SEC. 
6E2). 

IS. Thermostat housing and ~ Refer to 
COOLING AND RADIATOR (SEC. 6B). 

16. Heater and radiator hoses. 
17. Throttle body assembly. Refer to 

DRIVEABILITY AND EMISSIONS - FUEL 
INJECTION (TBI) (SEC. 6E2). 

• F'ill cooling system. Refer to MAINTENANCE 
AND LUBRICATION (SEC. OB). 
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18. Air cleaner. Refer to DRIVEABILITY AND 
EMISSIONS - FUEL INJECTION (TBI) (SEC. 

. 6E2). 
19. Negative (-) battery cable. 
• Start engine. 

~ Adjust 

• Ignition timing. 

IL!) inspect 

• For leaks. 

LB9 and L98 Engines 

E3 Remove or Disconnect 
1. Negative(-) battery cable. 
• Drain cooling system. Refer to COOLING AND 

RADIATOR (SEC. 6B). 
2. Accelerator cable. Refer to DRIVEABILITY 

AND EMISSIONS - FUEL INJECTION 
(PORT) (SEC. 6EJ). 

3. TV cable. Refer to TRANSMISSION 
GENERAL INFORMATION AND 
ON-VEHICLE SERVICE (SEC. 7A). 

4. Cruise control cable. Refer to CRUISE 
CONTROL (SEC. 9B). 

5. Air intake duct. 
6. Heater hoses at throttle body. 
7. Electrical connections at throttle body and 

manifold (17). 
8. Vacuum hoses. 
9. Fuel lines. 

10. Vent valve assembly and hoses. 
11. Vapor pipe assembly. 
12. Plenum extension. 
13. Spark plug wires at distributor cap. 
14. Distributor. Refer to IGNITION SYSTEM 

(SEC. 6D4). 
15. Port injection assembly. Refer to 

DRIVEABILITY AND EMISSIONS - FUEL 
INJECTION (PORT) (SEC. 6E3). 

16. Ignition coil. . 
17. Upper radiator hose. 
18. Thermostat housing and gasket. Refer to 

COOLING AND-RADIATOR (SEC. 6B). 
19. EGR valve, switch, pipe and solenoid. Refer to 

DRIVEABILITY AND EMISSIONS - FUEL 
INJECTION (PORT) (SEC. 6E3). 

iO. Necessary electrical wires. 
21. Intake manifold bolts (16) and studs (15). 
22. · Intake manifold (17). 

~ Clean 
• Gasket and seal surfaces on manifold, block and 

cylinder heads with degreaser. 

E3 Install or Connect 
1. Gaskets to cylinder heads. 
• Apply a 5 mm (3/16-inch) bead ofRTV GM part 

number 1052917 or equivalent, on the front and 
rear ridges of the cylinder case. 

• Extend the RTV bead 13 mm (1/2-inch) up each 
cylinder head to seal and retain the intake 
manifold side gaskets. 

2. Intake manifold (17). 

NOTICE: Refer to •Nonce• on page 6A3-1 of this 
section. 

3. Intake manifold attaching bolts (16) and studs 
(15). 

~ Tighten 
• Bolts (16) and studs (15) to 47 N ·m (35 lb. 

ft.). 
4. Electrical wires. 
5. EGR valve, switch, pipe and solenoid. Refer to 

DRIVEABILITY AND EMISSIONS - FUEL 
INJECITON (PORT) (SEC. 6E3). 

6. Thermostat hollling and gasket. Refer to 
COOLING AND RADIATOR (SEC. 6B). 

7. Upper radiator hose. 
8. Ignition coil. 
9. Port injection assembly. Refer to 

DRIVEABILITY AND EMISSIONS - FUEL 
INJECTION (PORT) (SEC. 6E3). 

10. Distributor. Refer to IGNITION SYSTEM 
(SEC. 604). 

11. Spark plug wires to distnoutor. 
12. Plenum extension. 
13. Vapor pipe assembly. 
14. Vent valve assembly and hoses. 
15. Fuel lines. 
16. Vacuum hoses. 
17. Electrical connections at throttle body and 

manifold (17). 
18. Heater hoses at throttle body. 
19. Air intake duct. 
20. Cruise control cable. Refer to CRUISE 

CONTROL (SEC. 9B). 
21. TV cable. 
22. Accelerator cable. 
• Fill cooling system. Refer to MAINTENANCE 

AND LUBRICATION (SEC. OB). 
23. Negative (-) battery cable. 
• Start engine. 

lL!J 1n1pact 

• For leaks. 

llJ Adjust 

• Ignition timing. 

EXHAUST MANIFOLD 
F,gure S 

E3 Remove or Dlaconnect 
1. Negative(-) battery cable. 
2. Spark plug wires, if necessary. 
3. AIR pipes. 
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Figure 5 - Intake Manifold Torque Sequence 

4. AIR valve. 

• Raise vehicle and suitably suppon. Refer to 
GENERAL INFORMATION (SEC. OA). 

S. Exhaust pipe nuts. 

• Lower vehicle. 

6. Exhaust manifold bolts (24 and 26) and stu~ (23 
and 25). 

7. Edia11St manifold (27). 

8. Exhaust manifold gasket. 

• Gasket and seal surfaces on manifold and 
cylinder head. a lnstaU or Connect 

1. Gasket. 

2. Exhaust manifold (27) into position. 

NOTICE: Refer to •Notice" on page 6A3-l of this 
section. 

3. Exhaust manifold bolts (24 and 26) and studs (23 
and 2.5). 

l~I Tighten 
• Studs (23) and bolts (24) to 27 N·m (20 lb. 

ft.). 

• Studs (2.5) and bolts (26) to 3.5 N•m (26 lb. 
ft.). 

• Raise vehicle and suitably support. Refer to 
GENERAL INFORMATION (SEC. OA). 

4. Exhaust pipe nuts and bolts. 

• Lower vehicle. 
.5. AIR valve. 
6. AIR pipes. 

7. Spark plug wires. if necessary. 
8. Negative(-) battexy cable. 
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VALVE ROCKER COVER 
Figurw 7 
Right Side 

E3 Remove or Disconnect 

1. Negative(-) battery cable. 
2. Air cleaner, if necessary. 
3. _EGR pipe assembly, if necessary. 

p 

4. Electrical connections and wiring harnesses as 
necessary. 

S. Spark plug wires from distributor. 
6. Crank.case vent hoses and valves. 
7. AIR valve bracket and move aside. 
8. AIR pipes and hoses. 
9. Valve rocker cover bolts (30) and washers (31). 

10. Valve rocker cover (28). 
11. Valve rocker cover gasket (29). 
• If valve cover adheres to the cylinder head, shear 

the cover off by bumping the end' with a block of 

wood and a rubber mallet. If the cover does not 
come loose, carefully Ba~! loose. Make sure not 
to distort the sealing 

~ Clean 
• Gasbt surface OD valve rocker cover (28) and 

cylinder head. 

IL!J1napect 
• Valve rocker cover (28) for damage or 

distortion. Replace if necessary. 

E3 Install or Connect 
1. New gasket. 
2. Valve rocker cover (28). 

NOTICE: See "Notice• OD page 6A3-1 of this 
section. 

3. Valve rocker cover bolts (30) and washers (31). 

~ Tighten 

• Bolts to 10 N ·m (89 lb. in.). 
4. AIR pipes and hoses. 
S. AIR valve bracket. 
6. EGR pipe assembly, if necessary. 
7. Crankcase vent hoses and valves. 
8. Spark plug wires to distnoutor. 
9. Electrical connections and wiring harnesses as 

necessary. 
10. Air cleaner, if necessary. 
11. Negative(-) battery cable. 
• S1',rt engine. 

IL!) tnapect 
• For leaks around valve rocker cover (28). 

Left Side 

E3 · Removt or DilCOnnect 

1. Negative(-) battery cable. 
2. Air cleaner, if necessary. 
3. Electrical connections and wiring hamesses as 

necessary. 
4. AIR hoses and pipes. 
5. Crankcase vent hoses and valve. 
6. Valve rocker cover bolts (30) and washers (31). 
7. Valve rocker cover (28). 
8. Valve rocker cover psket (29). 
• If valve rocker cover adheres to the cylinder head, 

shear off by bumping end of rocker ani1 cover 
with a block of wood and a rubber mallet. If cover 
does not come loose, carefully pry until loose. Do 
not distort the sealing flange. 



~ Clean 
• Gasket surface on valve rocker cover and cylinder 

head. 

IL-I Inspect 
• Valve rocker cover (28) for damage or 

distortion. Replace, if ne.casary. 

E3 ln81BD or Connect 
1. New gasket (29). 
2. Valve rocker cover (28) to cylinder head. 

NOTICE: See ... Notice" on page 6A3-l of this 
section. 

3. Valve rocker cover bolts (30) and washen (31). 

l~I Tighten 
• Bolts to 8.5 N ·m (75 lb. in.). 

4. Crankcase vent hoses and valve. 
5. AIR hoses and pipe. 
6. Electrical connections and wiring harnesses as 

necessary. 
7. Air cleaner, if necessary. 
8. Negative (-) battery cab1e. 
• Start engine. 

lL!J 1nspect 
For leaks around valve rocker cover. 

ROCKER ARMS AND PUSHRODS 
Flgul'flS 8 and 9 

E3 Remove or Disconnect 
1. Valve rocker cover. Refer to "Valve Rocker 

Cover" in this section. 

[I] Important 
• Place rocker arm balls (33), rocker arms (34) and 

pushrods (36) in a rack so they may be installed 
in the same location from which they ·were 
removed. 

2. Rocker arm nuts (32). 
3. Rocker arm balls (33). 
4. Rocker arms (34). 
5. Pushrods (36). a Install or Connect 
• When installing new rocker arms (34) or rocker 

arm balls (33) coat bearing surfaces of rocker 
-arms (34) and rocker .arm balls (33) with 
"Molykote"' or its equivalent. 

1. Pushrods (36). Make sure the pushrods (36) seat 
in the lifter sockets. 

2. Rocker arms (34). 
3. Rocker arm balls (33). 

va .. ENGINES 6A3-11 

4. Rocker arm nuts (32). 

ml Tighten 

• Rocker arm nuts (32) until all lash is 
eliminated. 

~ Adjust 

• Crank the engine until the mark on the torsional 
damper lines up with the center or • O" mark on 
the timing tab fastened to the engine front cover. 

• Make sure the engine is in the number one firing 
position by: 
• Placing fingers on the number one cylinder 

valves as the mark on the damper comes 
near the "O* mark on the crankcase front 
cover. 

• If the valves are not moving, the engine is 
in the number one firing position. 

• If.the valves move as the mark comes up to 
the timing tab, the engine is in the number 
six firing position and sho.uld be turned over 
one more time to reach the number one 
position. 

• With the engine in the number one firing position 
the following valves may be adjusted: 
- Exhaust 1, 3, 4, 8 
- Intake 1, 2, 5, 7 
- When viewed from the rear of the engine, 

even numbered cylinders are in the right 
bank; odd numbered cylinders are in the feft 
bank. 

• Back out the adjusting nut (32) until lash is felt 
at the pushrod (36). 

• Turn in the adjusting nut (32) until all lash is 
removed. This can be determined by rotating the 
pusbrod (36) while turning the adjusting nut (32). 
When the play has been removed, tum the 
adjusti,ng nut (32) one full tum. 

• Crank the engine one revolution until the pointer . 
•o• mark and torsional damper mark are again 
in alignment. This is the number six firing 
position. • 

• With the engine in the number six firing position, 
the following valves may be adjusted: 
- Exhaust 2, S, 6, 7 
- Intake 3, 4, 6, 8 

• Install valve rocker covers. Refer · to "Valve 
Rocker Cover" in this section. 

• Start engine. 
• Adjust carburetor idle speed, if needed. 

ROCKER AR·M STUDS 
Figures 10, 11 and 12 

Rocker arm. studs ( 40) that have damaged 
threads or are loose in cylinder heads should be 
replaced with new studs (40) available in 0.075 mm (0. 
003 inch) and 0.33 mm (0.013 inch) oversize. 

E3 Remove or Disconnect 
Tool Required: 
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J 5802-01 Stud Remover 
1. Valve rocker cover. Refer to •valve Rocker 

Cover• in this section. 
2. Rocker arm. Refer to •Rocker Arms and 

Pushrods" in this section. 
3., Rock.er arm stud (40). 

• Place 15802-01 over the rocker arm stud 
(40). 

• Install a nut and a flat washer. 
• Turn the nut to remove the stud ( 40). 

E3 Install or Connect 
Tools Required: 

J 5715 Rocker Arm Stud Hole Reamer 0. 
075 mm (0.003-inch) oversize 
J 6036 Rocker Arm Stud Hole Reamer 0. 
033 mm (0.013-inch) oversize 
J 6880 Rocker Arm Stud Installer 

NOTICE: Do not attempt to install an oveni7.e 
rocker ann stud without reaming the stud hole as 
this could damage the cylinder head 

• Ream the hole to the proper size for the 
replacement oversize rocker ann stud (40). Use 
J 5715 for 0.075 (0.003.-inch) oversize studs; J 
6036 for 0.033 mm (0.013-inch) oversize studs. 

• Coat the lower end (press-fit area) of rocker arm 
stud ( 40) with bypoid axle lubricant. 

1. Rocker arm stud ( 40) using J 6880. 
• Stud ( 40) is installed to the proper depth when the 

tool bottoms out on the cylinder head. 
2. Rocker arm. Refer to •Rocker Arms and 

Push.rods• in this section. 

Ill Adjlllt 

• Rocker arms and pushrods. Refer to 
•Rocker Arms and Poshrods" in this 
section. 

3. Valve rocker cover. Refer to "Valve Rocker 
Cover" in this section. 

J&802-01 

0 NUT 

[!] FLATWASHER 

~ ROCKER ARM STUD 

Figure 10 - Removing the Rocker Arm Stud 
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[] ROCKER ARM STUD BORE 

Agure 11 - Reaming the Rocker Arm Stud Bore 

p 

Figure 12 - Installing the Rocker Arm Stud 

VALVE LIFTERS 
Hydraulic valve lifters very seldom require 

service. The valve lifters have simple design and are not 
adjustable. When servicing the valve liften, use care 
and cleanliness when handling the parts. 

Valve Lifter Diagnosis 
If valve lifters are: 
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• Momentarily noisy when the engine ia started. 

- This is normal Oil drains from some of the 
lifters when the engine is not running. It 
takes a few seconds for the lifters to fill after 
the engine is started. 

• Intermittently noisy when the engine is idling. 
The noise disappears when the engine speed is 
increased. 

- This may be caused by dirt in a lifter or a 
pitted or damaged check ball in a lifter. 
Remove, take apart. and clean the lifters. If 
a damaged check ball is found in any lifter, 
replace the lifter. 

• Noisy when the engine is idling slowly or when 
the engine is hot. The lifters arc quiet when 
engine speed is increased or when the engine is 
cold. 

- This may be caused by a high leak down rate 
in one or more of the lifters. Replace any 
suspect lifters. 

• Noisy at high speeds and quiet at low speeds. 

- This is caused by an incorrect oil level, 
either too high or too low, or improper oil 
flow at oil pump pickup. Check for the 
following: 

- High oil level. Oil level above the oil 
level indicator "FULL" mark allows 
the crankshaft counterweights to 
chum the oil into foam. When foam is 
pumped into the lifters, they will 
become noisy. A solid column of oil is 
required for proper lifter operations. 
Drain oil to proper level. 

- Low oil level. Oil level below the oil 
levd indicator "ADD" mark allows 
the oil pump to pump air at high 
speeds which results in noisy lifters. 
Add oil to proper level. 

- Damaged oil pan, or loose or cocked 
oil p~p screen. Repair or replace 
parts u necessary. 

• Noisy at idle, becoming louder u engine s~ is 
increased to 1500 rpm. Noise is most noticeable 
in the vehicle at 16 to 24 km/h (10 to 15 mph) in 
"1" (low) traosmiMion range, or 48 to 56 km/h 
(30 to 35 mph) in "D" (drive) tnlnsmission range. 
The noise is best described as a "hashy" sound. 
-At slow idle, it may be gone or may appear u a 
light ticking noise in one or more valves. This 
noise is not caused by lifter malfunction. It is 
caused by one or more of the following: 

- Badly worn or scuffed valve tip and rocker 
arm pad. 

- Excessive valve stem to guide clearance. 

Excessive valve seat nmout. 

- Oft' square valve face nmout. 

Valve spring damper clicking on rotator. 

Valve Lifter Service 
F'1gutN B and 13 through 18 

E3 Remove or Disconnect 
Tools Required: 

J 3049 Valve Lifter Remover (Plier Type) 
J 9290-01 Valve Lifter Remover (Slide 
Hammer Type) 

1. Intake manifold. Refer to "Intake Manifold• in 
this section. 

2. Rocker arms. Refer to "Rocker Arms and 
Pushrods" in this section. 

3. Valve lifter retainer bolts (38). 
4. Valve lifter retainer (39). 
5. Valve lifter rcstrictor (35). 
6. Valve lifters· (37). 

• Remove the lifters (37) one at a time using 
amapel 

II] ·important 

- Place the valve lifters (37) in a rack or tag 
them to ensure that they are installed in the 
same bore from which they were removed. 

• H the lifters (37) are stuck in their bores due to 
gum or varnish deposits remove them using J 
3049 or J 9290-01. 

EE) Dl11111mbl1 

F,gutN 16 and ti 
1. Pushrod seat retainer ring (SO). 

• Hold the plunger (47) down with a pushrod. 
• Using a small screwdriver, remove the 

pushrod seat retainer ring (SO). 
2. Pushrod seat (49) and oil metering valve (48). 
3. Plunger (47) and plunger spring (43). 
4. Check ball retainer (44), check ball spring (45), 

and check ball ( 46). 
• Pry check ball retainer (44) loose from 

plunger (47) with the blade of a small 
screwdriver (Ftgu.re 16). 

IL!) inspect 
• All parts carefully. If any parts are damaged or 

worn, replace the entire lifter assembly. 
• Lifter body for: 

- Wear. 
- Scuffing. Also inspect the bore in the 

cylinder block for scuffing. 
• Roller for: 

- Freedom of movement Replace the lifter if 
it binds or roughness can be felt. 

- Excessive looseness in the roller bearings. . 
Replace the lifter if necessary, 
Flat spots. Replace lifter, if worn. 

- Pitting. Replace lifter, if pitted. 
• Pushrod seat and pushrod for: 

- Wear. Replace the pushrod if the pushrod 
is worn. 



• Camsbaf\ lobe for: 
- Wear. Look for flat spots and grooves. 

Replace the camshaft if necessary. 

Figure t 3 - Removing the Hydraulic Lifter 

Figure 14 - Removing the Hydraulic Lifter 

IIJ Assemble 

Figura 8, 7 5, 11 and 18 

p 

1. Check ball ( 46) on the small hole in the bottom 
of the plunger (47). 

2. Check ball spring ( 45) on the seat in the ball 
retainer (44) and place them over check ball (46) 
so that the spring (45) rests on the ball (46). 

3. Retainer ring (SO}, into position in the plunger 
(47) with the blade of a small screwdriver (Figure 
17). 

4. Plunger spring ( 43) over the ball retainer ( 44) and 
slide the lifter body (42) over the spring (43) and 
plunger (47) being careful to line up the oil feed 
holes in the lifter body (42) and plunger (47). 

• Fill the assembly with SAE 10 oil. 
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NOTICE: Do not attempt to force or pump the 
plunger (47). 

• Insert the end of a 1/8-inch drift pin into the 
plunger ( 47) and press down until it bottoms 
(Figure 18). At this point the oil holes in the lifter 
body ( 42) and plunger assembly will be aligned. 

• Insert a 1/16-inch drift pin through both oil holes 
to ~Id th~ plunger ( 4 7) down against the lifter 
spnng tension. · 

• Remove the· 1/8-inch drift pin. 
• Refill assembly with SAE 10 oil. 
5. Metering valve (48) and pusbrod seat (49). 
6. Pushrod seat retainer (50). 
• Push down on the pushrod seat (49) and remove 

the 1/16-inch drift pin from the oil holes. 

E3 Install or Connect 

FigurN 8 and 15 
• Coat valve lifter rollers (41) with "Molykote" or 

its equivalent. 
1. Valve lifters (37) to the same location from which 

they were removed. 
2. Valve lifter restrictor (35). 
3. Valve lifter retainer (39). 

NOTICE: See "Notice" on page 6A3-l of this 
section. 

4. Valve lifter retainer bolts (38). 

l~I Tighten 
• Bolts (38) to 16 N·m (12 lb. ft.). 

S. Intake manifold Refer to "Intake Manifold" in 
this section. 

6. Rocker arms. Refer to "Rocker Arms and 
Pushrods" in this section. 

llJ Adjust 

• Rocker arms and pushrods. Refer to 
"Rocker Arms and Pushrods" in this 
section. . 

ENGINE FRONT COVER a Remove or Di.»Mect 
1. Torsional damper. Refer to •Torsional Damper" 

in this section. 
2. Oil pan. Refer to "Oil Pan" in this section. 
3. Coolant pump. Refer to COOLING AND 

RADIATOR(SEC. 6B). 
4. -Bolts attaching engine front cover to engine. 
S. Engine front cover. 
6. Gasket. 

• Discard the gasket. 

~ Clean 
• Gasket surface on block and engine front cover. 
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§] ROWR 

~ UFTERBODV 

~ PLUNGER SPRING 

~ PLUNGER 

~ METERING VALVE 

~ PUSH ROp SEAT 

~ BALL CHECK RETAINER 

~ CHECK BALL S~ING 

~ RETAINERRING 

~ CHECKBALL 

.. ~,-··---
Figure 15 - Hydraulic Valve Lifter Assembly 

0 SCREWDRIVER 

~ CHECKBAU 
RETAINER 

1£) PLUNGER 

Figure 16 - Removing the Check Ball Retainer 

~ CHECK BALL RETAINER 

E!) Pl.UNGER 

llC0017~A3-l'-flP 

Figure 17 - Installing the Check Ball R~lner 

0 3 MM 1118-INCHI DRIFT 

[!] 1.6MMl1/18-INCH)DRIFT 

Figure 18 - Assembling the Hydraulic Valve Lifter 

• Using a sharp knife remove any excess oil 
pan gasket material on the oil pan and the 
cylinder block. 

(L!I Inspect 

• Engine cover for damage or distortion. Replace 
if necessary. 

E3 Install _or Connect 
• Apply a 3 mm (1/8-inch) bead of RTV, (GM part 

number 1052917, or equivalent), to the joint 
formed at the oil pan and cylinder block. 

• Coat a new engine front cover gasket with gasket 
sealant. 

1. Gasket on engine front cover. 
2. Cover-to-oil pan seal. 
• Lightly coat the bottom of the seal with engine 

oil. 
• Position the cover and assembled gasket over the 

crankshaft end. 
3. Loosely install the engine cover-to-block upper 

attaching bolts. 

NOTICE: Do not force the cover over the dowels 
to the point where the cover flange or the dowels 
become distorted. 

• Tighten bolts alternately and evenly while 
pressing downward on the cover so the dowels in 
the block are aligned with the corresponding 
holes in the cover. Position the engine front cover 



80 that the dowels enter the holes in the cover 
without binding. 

NOTICE: See "Notice' on page 6A3~1 of this 
section. 

4. Remaining cover bolts. 

Ill Tighten 

• Bolts alternately and evenly to 11 N ·m (100 
lb. in.). 

5. Torsional damper. Refer to "Torsional Damper" 
in this section. . 

6. Coolant pump. Refer ·to COOLING AND 
RADIATOR (SEC. 6B). 

7. Oil pan. Refer to "Oil Pan" in this section. 

ENGINE FRONT COVER OIL SEAL 
F',gure 19 

The oil seal may be fflllOVed with the engine front 
cover istalled or removed. 

Engine Front Cover Removed 

E3 Remove or Disconnect 

NOTICE: Care should be taken not to damage the 
cover when removing thtseal. 

• Pry the oil seal out of the cover from the front 
using a large screwdriver. 

E3 Install or Connect 

Tool Required: 
J 35468 Front Cover Aligner and Seal. 
Installer 

• New oil seal 80 that the open end of the seal is 
toward the inside of the engine front cover using 
J 35468. 
• Support the rear of the cover at the seal 

area. 

KC001MA3-F-RP 

Figure 19 - Installing the Oil Seal 

Engine Front Cover Installed 

E3 Remove or 'Disconnect 
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• Torsional Damper. Refer to "Torsional Damper' 
in this section. 

NOTICE: Care should be taken not to damage the 
cover when removing the seal. 

• Pry the seal out of the cover from the front using 
a large screwdriver. 

E3 Install or Connect 
Tool Required: 

J 35468 Front Cover Aligner and Seal 
Installer 

1. New oil seal so that the open end of the seal is 
toward the inside of the engine front cover using 
J 35468. 

2. Torsional Damper. Refer to "Torsional Damper" 
in this section. .. 

TIMING CHAIN 
Figure20 

E3 Remove or Disconnect 

I. Engine front cover. Refer to "Engine Front 
Cover• in this section. 

• Crank the engine until the timing marks punched 
on crankshaft: and camshaft sprockets (54 and 52) 
line up with shaft centers. 

2. Bolts attaching the camshaft sprocket (52) to the 
camshaft. 

3. Timing chain (53) with the camshaft sprocket 
(52). 

NOTICE: Do not tum the crankshaft after the 
timing chain and camshaft sprocket have been 
removed to prevent damage to engine parts. 

EJ Install or Connect 

· [I] Important 

• When installing a new timing chain, a new 
crankshaft sprocket and camshaft sprocket 
must also be installed. 

1. Timing chain (53) with the camshaft: sprocket 
(52) on the camshaft. 
• Ensure that the timing marks on the 

crankshaft and camshaft sprockets (54 and 
52) are as close together as pos.,ible and 
lined up with the shaft centers. 

NOTICE: See "Notice" on page 6A3-1 of this 
section. 

2. Bolts (51) attaching the camshaft. sprocket (52) tOi 
the camshaft. 
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~ Tightln 

• Bolts (51) to 28 N·m (21 lb. ft.). 
• Lubricate the timing chain (53) with engine oil 
3. Engine front cover. Refer to •Engine Front 

Cover• in this section. · 

~ BOLT 

~ CAMSHAFT SPROCKET 

§1 TIMING CHAIN 

§1 CRANKSHAFTSPROCKET 

Figure 20 - Timing Chain And Sprockets 

CRANKSHAFT SPROCKET 
Figu,e2f 

E3 Remove or Disconnect 

Tool Required: 
J 5825-A Crankshaft Gear Remover 

p 

1. Timing chain. Refer to "Timing Chain• in this 
section. 

2. Crankshaft sprocket (54), using J 5825-A. 
3. Key, if required. 

IL!] inspect 

• Sprocket for chipped teeth or wear. Replace as 
necessary. 

E3 Install or Connect 
Tool Required: 

J 5590 Crankshaft Gear Installer 
1. Key, if removed. 
2. Crankshaft sprocket (54), using J 5590. Make 

sure timing mark faces outside. rn Important 
• When installing a new crankshaft sprocket, 

a new timing chain (53) -must also be 
installed. 

3. Timing chain. Refer to •Timing Chain"' in this 
section. 

~ CRANKSHAFT SPROCKET 

p 

Figure 21 - Replacing Crankshaft Sprocket 

CAMSHAFT 
Figures 22 through 26 

Camshaft Lobe Lift 

l@I Measure 
Tool Required: 

J 8520 Cam Lobe Lift Indicator 
• Remove the rocker arms. Refer to •Rocker Arms 

and Pushrods"' in this section. 
• Position J 8520 with a ball socket adapter on the 

posh.rod. -Make sure the pushrod is in the lifter 
socket. 

• Rotate the crankshaft slowly in the direction of 
engine rotation until the lifter is on the heel of the 
cam lobe. At this point, the pushrod will be in its 
lowest position. 

• Set J 8520 to zero. 

NOTICE: When the engine is cranked remotely at 
the starter with a special jumper cable or by other 
means, the distn"butor primary lead should be 



disconnected from the distributor (coil) or parts 
may be damaged. 
• Rotate · the crankshaft slowly. or attach an 
auxillaty . starter switch ~ _'bump• the _ enpe 
over until the pushrod ts m · the fully raised 
position. 

• Compare the total lift recorded from J 8520 with 
the spccificatio:OS. Refer to •specifications• in this 
section. · 

• ·Remove the dial indicator if the readings for all 
the lobe.s are within specifications. . 

• Install and adjust the rocker arms _and pushrods. 
Refer to •Rocker Arms and Pushrods• in this 
section. 

Camshaft Replacement a Remove or Dlacannect 
1. Intake manifold Refer to • Intake Manifold" in 

this section. 
2. Rocker arms and pushrods. Refer to "Rocker 

Arms and Pushrods• in this section. 
3. Serpentine drive belt. Refer to COOLING AND 

RADIATOR (Sec. 6B). 
4. _Upper fan shroud. Refer to COOLING AND 

RADIATOR (SEC. 613). 
5. Radiator hoses. Refer to COOLING AND 

RADIATOR (SEG. 6B). 
6. Oil cooler lines. Refer to TRANSMISSION 

GENERAL INFORMATION AND 
ON-VECHICLE SERVICE (SEC. 7A). 

7. Radiator. Refer to COOLING AND 
RADIATOR (SEC. 6B). 

8. Timing chain. Refer to •Tuning Chain• in this 
section. 

9. Front fuel hose from front fuel line. Refer to 
ENGINE FUEL (SEC. 6C). 

10. Fuel lines at fuel ..P.llDlP, if necessary. Refer to 
ENGINE FUEL (SEC. 6C). 

11. Fuel pump, if necessary. Refer to ENGINE 
FUEL (SEC. 6C). 

• Purge and evacuate A/C system. Refer to 
MANUALLY CONTROLLED AIR 
CONDmONING (SEC. lB). 

12. Air conditiOlllllg condenser. Refer to 
MANUALLY CONTROLLED AIR 
CONDITIONING (SBC. lB). 

13. Grille support rods. 
14. Valve lifters. Refer to •valve Lifter Service" in 

this section. 
15. Ctmshaft retainer bolts and camshaft retainer. 

NOTICE: All camshaft journals are the same 
diameter.Care must be used in removing the 
camshaft to avoid damage to bearings. 

16. O,mshaft (5S). 
• Install three 5/16 - 18 x 4-inch bolts in the 

camshaft bolt holes. 
• Carefully pull camshaft (SS) out of bearings. 

VB ENGINES SA3-19 

fL!J lnapect 

• . ~~ft: bearings for scratches, pits, or •~ ~t 
m then- bores. Replace the · cams6aft bearings, if 
necessary. Refer to • Camshaft Bearings• in this 
section. 

l@I Measure 
Tools Required: 

J .7872 Magnetic Base Indicator Set 
J 26900-2 Digital Outside Micrometer 

• C-amshaft journals with J 26900-2. 
- If journals are more than 0.025 mm (0. 

001 inch) out of round. replace 
camshaft (SS). 

• Camshaft using J 7872 
- Mount the ce,msbaft (55) in v-blocks 

or between centers. Using J 7872, 
check the intermediate camshaft 
journal. If runout exceeds 0.038 mm 
(0.0015-inch) the camshaft (55) is 
excessively bent and should be 
replaced. 

E3 Install or Connect 

• When installing a new camshaft (55) coat 
camshaft lobes with •Molykote• or its equivalent. 

• When illstalling a new camshaft (55) replace all 
lifters to ensure durability of the camshaft lobes 
and lifter rollers. 

• Lubricate all camshaft journals with engine oil. 
I. C'-arnsbaft (55). 

NOTICE: See "Notice• on page 6AJ.1 of this 
section. 

2. CMJsbaft retainer anct camshaft retainer bolts. 

l~I Tighten 
• Camshaft retainer bolts to 12 N ·m (106 lb. 

in.) 
3. Tuning chain. Refer to "Timing Chain• in this 

section. 
4. Valve lifters. Refer to •vatve Lifter Service• in 

. this section. 
5. Grille support rods. 
6. A/C condensor. Refer to MANUALLY 

CONTROLLED AIR CONDfflONING (SEC. 
lB). 

7. Fuel pump, if necessary. Refer to ENGINE · 
FUEL (SEC. 6C). 

8. Fuel lines to the fuel pum_p.!... if necessary. Refer to 
ENGINE FUEL (SEC. 6C). 

9. Front fuel hose to front fuel line. 
10. Radiator. Refer to COOLING AND 

RA.DIA TOR (SEC. 6B). 
11. Oil cooler lines. Refer to TRANSMISSION 

"GENERAL INFORMATION AND 
ON-VElllCLE SERVICE (SEC. 7A). 

12. Radiator hoses. Refer to COOLING AND 
RAD IA TOR (SEC. 6B). 
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13. Serpentine drive belt. Refer to COOLING AND 
RADIATOR (SEC. 6B). 

14. Upper f'an shroud. Refer to COOLING AND 
RADIATOR (SEC. 6B). 

15. Valve . rocker arms and ~ Refer to 
•Rocker Arms and Pushrods• in this section. 

16. Intake manifold Refer to •intake Manifold• in 
this section. 

Figure 22 - Measuring the C.mshaft Lobe Lift 

~ CAMSHAFT 

~ BOLTS 

p 

Agure 23 - Removing the Camshaft 

~ CAMSHAFT JOURNALS 

Figure 24 - Measuring the Camahaft Runout 

Figure 26 - Meaauring the Camshaft Joumals 

CAMSHAFT BEARINGS 

El Remove or Disconnect . 
Tool Required: 

J 609~1 Camshaft Bearing Remover and 
Installer 

1. Crankshaft. Refer to • Crankshaft• in this 
section. 
• Fasten connecting rods against the sides of 

the engine to keep them out of the way 
during camshaft bearing replacemen~ 

2. Camsbaft. Refer to •c,rnab~• in this Section. 
3. Rear camshaft bearing plug. 
4. Inner camshaft bcarinp using J 6098..01. 

• With nut and thrust washer installed to end of puller screw threads, index pilot in 
camshaft front ·bearing and instafi puller 
screw through pilot and bearing to be 
removed. 

• Install bearing tool with shoulder toward 
bearing. Make sure that enough threads are 
engaged 

• Using ttvo wrencbA hold puller screw 
while turning nut to draw bearing out of 
bore. 



- When bearing has been pulled from 
bore, remove bearing t.ool and bearing 
from puller screw. 

• Repeat above steps for l'ffllaiuing .inner 
c.amsbaft bearings. · . · 
- Index pilot in the rear camsbaft 

bearing to remove the rear inner 
bearing. 

S. Fiont and rear. camshaft bearings using J 
609~1. 
·• Assemble bearing tool to drlv.er handle. 
• µrive front and rear bearings out. toward 

center of cylinder blocks . . 

~ Clean• 
• Carnsbaft bearing bores in tbe cylinder block. 

E3 lnatall or Connect 
Tool Required: 

J 6098-01 Camshaft Bearing Remover and 
Installer 

• The outer front and rear camshaft bearings must 
be installed first. These bearings serve as guides 
f~ the tool piloJ, and help center the inner 
bearings during the installation process. 

[I] Important 

• Align c.arnsbaft bearing oil holes properly 
during installation. 
- Number one (front) cam bearing oil 

holes must be ~tioned so that they 
are an equal distance from 6 o'clock 
position. 
Number two through number four 
(three on V6) inner camshaft bearing 
oil holes must be positioned at 5 
o'clock toward the left side of the 
engine and even witb the bottom of the 
cylinder bore. 

- Number five (four on V6) (rear) 
camshaft bearing oil hole must be 
positioned at 12 o'clock. 

1. Front and rear camshaft bearings using J 
6098-01. 
• Assemble bearing tool to driver handle. 
• Align oil holes outlined above. 
• Drive front and rear bearings in, toward 

center of cylinder block. 
2. Inner camshaft bearings using J 6098-01. 

• With nut and thrust washer assembled to 
end of puller screw threads, index pilot in 
camshaft front bearing and install puller 
screw through pilot. 

• Index camshaft bearing in bore, aligning oil 
hole as outlined above. 

• Install puller screw ~gh bearing bore 
and bearing to be installed and assemble 
bearing tool to puller screw with shoulder 
toward bearing. Make sure that enough 
threads are engaged. 
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• Using two wrenches, hold puller screw 
while turning_ ~ut to draw bearing into bore. 

When bearing . has been pulled into 
bore, remove bearing tool and puller 
screw and check alignment of bearing 
oil hole to bore oil hole. 

• Repeat above steps for remaining inner 
camshaft bearings. 
- Index pilot in the rear e,amsbaft 

bearing to install the rear inner 
bearing. 

3. New rear cam.shaft bearing plug. 
• Coat plug outside diameter with number 

1052080 sealant, or equivalent. 
• Install plug flush to 0. 79 mm (1/32-inch) 

deep. 
4. Camshaft. Refer to "Camshaft" in this section. 
5. Crankshaft. Refer to "Cranksbaft" in this 

section. 

VALVE SPRING, STEM SEAL AND ROTATOR 
Rgum 28 and 27 

E3 Remove or Disconnect 

Tools Required: 
J 23590 Spark Plug Port Adapter 
J 5892-B Valve Spring Compressor 
J 23738-A Valve Stem Seal Tester 

1. Rocker arms and pushrods at cylinder to be 
serviced. Refer to "Roc~er Arms and Pushrods" 
in this section. · 

2. Spark plug at cylinder to be serviced. 
• Install J 23590 to the spark plug hole and apply 

compr~ air to hold the valves in place. 
• Compress the valve spring using J 5892-B (Figure 

26). 
3. Valve stem keys. 
4. Cap from intake valve or rotator from exhaust 

valve. 
5. Stem oil shield 
6. Upper stem oil shield. 
7. Valve spring. 
8. Lower stem oil seal. 

E3 Install or Connect 

1. Lower stem oil seal and seat the seal against the 
cylinder head 

2. Valve spring. 
3. Upper stem oil shield 
4. Cap on intake valve stem or rotator on exhaust 

valve system. 
• Compress the valve spring using J 5892-B. 
5. Upper stem oil seal into the lower groove of the 

stem. 
- Make sure the seal is flat and not twisted. 
- A light coat of oil will ease installation and 

help prevent twisting. 
6. Valve stem keys. 

• Use grease to hold keys in place while 
disconnecting J 23590. 
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• Remove J 23590. 
• Make sure keys seat properly in the upper 

groove of the valve stem. 
• Tap the end of the stem with a plastic faced 

hammer to seat the keys, if necessary. 
• Use J 23738-A to make sure air does not leak past 

the seal (Figure 27). 
7. Spark plug. 

,~, Tighten 

• Spark plug to 30 N·m (22 lb. ft.). 
8. Rocker arms and pushrods. Refer to •Rocker 

Arms and Pushrods" in this section. . 

J6892·B 

Figure 26 - Compressing Valve Spring 

CYLINDER HEAD AND GASKET 
F,gum 26 through 32 

E3 Remove or Disconnect 
Tools Required: 

J 8056 Valve Spring Tester 
J 8062 Valve Spring Compressor 
J 8089 Carbon Removing Brush 
J 8101 Valve Guide Cleaner 
J-23738-A Valve Stem Seal Te.ffer 

1, Intake manifold. Refer to "Intake Manifold" in 
this section. 

2. Exhaust manifolds. Refer to •Exhaust Manifold• 
in this section. 

• Drain cooling system. Refer to COOLING AND 
RADIATOR (SEC. 6B). 

J23738-A 

Figure 27 • Testing the Valve Seals 

3. Diverter valve. 
4. Power steering pump and generator bracket, or 

A/C compressor mounting bracket. as necessary. 
Refer to POWER STEERING GEAR AND 
PUMP (SEC. 3Bl), or MANUALLY 
CONTROLLED AIR CONDmONING (SEC. 
lB). 

S. Cylinder head bolts (57 and 58). 
• Loosen the bolts (57 and 58) gradually and 

in three passes. 

NOTICE: After removal, place the cylinder head 
(20) on two wood blocks to prevent damage. 

6. Cylinder head (20) and gasket (60). 

~ Dieaaemble 

1. Rocker arms and pushrods. Refer to "Rocker 
Arms and Pusbrods• in this section. 

• Compress valve springs using J 8062 (Figure 26). 
2. Valve stem keys. 
3. Caps from intake valve. 
4. Rotators from exhaust valves. 
5. Stem oil shields. 
6. Upper stem oil seals. 
7. Valve spring. 
8. Lower stem oil seal. 
9. Valves. 

• Place valves in a rack in proper sequence so 
they can be assembled in their original 
order. 

~ Clean 
- Carbon from combustion chambers and valve 

parts using J 8089. 
- Valve guides using J 8101 (Figure 29). 

Carbon and sludge from the pushrods, rocker 
arms and ~ushrod guides. 



- Valve stems ,uid heads on a buffing wheel 
- Head and cylinder block gasket surfaces. 
- Bolt hole threads in the· cylinder head (20) and 

cylinder block (59). 

IL!) tnapect 

- Cylinder head (20) for cracks in the exhaust 
ports, combustion chambers, or external cracks 
to the water chamber. 

- Valves for burned heads, cracked faces, or 
damaged stems. 

- Valve springs for squareness • 
- Rocker arm studs for wear or damage. For 

service, refer to •Rocker Arm studs• in this 
section. 

l@I Measure 
1. Valve spring tension (without dampers) using J 

8056 (Figure 30). 
• If spring tension is less than 300 N (67 lb.) 

at 44 mm (1-23/32 inch), replace the spring. 
2. Valve stem to bore clearance. 

• Exceuive valve stem to bore clearance will 
cause excessive oil consumption and may 
cause valve breakage. Insufficient clearance 
will result in noisy _;md sticky functioning of 
the valve and disturb engine smoothness. 

• Clamp a dial indicator on one side of the 
cylinder head rocker arm cover gasket rail. 

• Locate the indicator so movement of the 
valve stem from side to side (crosswise to 
the head) will cause a direct movement of 
the indicator stem. The indicator stem must 
contact the side of the valve stem just above 
the valve guide. 

• Drop the valve head about 1.6 mm (1/16 
inch) off the valve seat. 

• Move the stem .of the valve from side to side 
using light pressure to obtain a clearance 
reading. If clearance exceeds specifications, 
it will be necessary to ream valve guides for 
OVerme Val".CS• Refer to •specifications• in 
this section.; 

• Service valves are available in standard, 
0.003, 0.015~ 0.030 inch oversi7.e. 

Recondition 
• Valves with oversize stems are available as 

outlined above. Ream the valve guide bores for 
oversize valves as necessary. 

• . Reconditioning the valve scats is very important. 
- The seating of the valves must be perfect for 

the engine to deliver optimum power and 
performance. 

- Another important factor is the cooling of 
the valve heads. Good contact between each 
valve and its seat in the head is necessary to 
insure that the heat in the valve head will be 
properly carried away. 

- Several different types of equipment are 
available for reconditioning valve seats. The 
recommendations of the manufacturer of 
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the equipment being used should be 
carefully followed to attain ·.proper results. 

- Regardles., of what type of equipment is 
used, it is essential that valve guide bores be 
free from carbon or dirt -to ensure proper 
centering of pilot in the guide. Valve seats 
should be concentric to within 0.05 mm (0. 
002 inch) total indicator reading. 

• Valves that arc pitted can be refaced to the proper 
angle, insuring correct relation between the head 
and stem on a valve refacing mechanism. Valve 
stems which show excessive wear, or valves that 
are warped excessively should be replaced. If the 
edge of the valve head is less than 0. 79 mm 
(1/32-inch) thick after grinding, replace the 
valve. 
- Several different types of equipment are 

available for refacing valves. The 
recommendation of the manufacturer of the 
equipment being used should be carefully 
followed to attain proper results. 

1+;3 Assemble 
1. Valve into the proper port. 
2. Lower stem oil seal and seat the seal against the 

cylinder head (20). 
3. Valve spring. 
4. Stem oil shield. 
S. Cap on intake valve stem or rotator (on exhaust 

valve stem). 
• Compress the valve spring using J 8062. 

6. Upper stem oil seal into the lower groove of the 
stem. 

- Make sure the seal is flat and not twisted. 
- · A light coat of oil will ease installation and 

help prevent twisting. 
7. Valve stem keys. 

• Tap the end of the stem with a plastic-faced 
hammer to seat the keys. if necessary. 

8. Remaining valves. 
• Use J 23738-A to make sure air does not leak past 

the seals (Figure 27). 

l@I Measure 
• Valve spring installed height from the valve 

spring seat to the top of the rotator or cap 
(Figure 32). 
- If installed height exceeds 44.4 mm (1. 

75 inch), install a valve spring seat 
shim appromnately 1.6 mm 
(1/16-inch) thick. 
Do not shim a valve spring to obtain 
a less than specified installed height. 

9. Rocker arms and pusbrods. Refer to "Rocker 
Arms and Pushrods • in this section. 

E3 Install or Connect 
1. New cylinder head gasket (60). 

- On engines using a steel ~asket, coat both 
sides of the new gasket with a good sealer. 
Spread the sealer thinly and evenly. A point 
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roller is a good tool for this job. Too much 
sealer may hold the gasket away from the 
head or block. 

- Do not use a sealer on engines using a 
composition gasket. 

2. Gasket (60) over dowel pins, with the bead up. 
3. Cylinder head (20) over dowel pins and gasket 

(56). 
• Coat the threads of the cylinder head bolts (57 

and 58) with sealing compound. (GM part 
number 1052080 or equivalent). 

NOTICE: Sec •Notice• on page 6A3-1 of this 
section. 

4. Cylinder head bolts (57 and 58) finger tight. 

l~I Tighten 
• Cylinder head bolts (57 and 58) in sequence 

and in three passes to 92 N • m (68 lb. ft.) for 
V8 engines (Figure 28). 

• Cylinder head bolts (54 and 55) in sequence 
and in three passes to 88 N ·m (65 lb. ft.) for 
V6 engines (Figure 28). 

5. Power steering pump and · generator bracket, or 
A/C compressor mounting bracket, as necessary. 
Refer to POWER STEERING GEAR AND 
PUMP (SEC. 3Bl)/ or MANUALLY 
CONTROLLED AIR CONDITIONING (SEC. 
1B). 

6. Exhaust manifolds. Refer to "Exhaust Manifold• 
in this section. 

7. Diverter valve. 
8. Intake manifold Refer to •Intake Manifold" in 

this section. 
9. Fill cooling system. Refer to COOLING AND 

RADIATOR (SEC. 6B). 

~ CYLINDER HEAD 

~ BOLTS 

~ BOLTS 

~ CYUNDERBLOCK 

~ GASKET 

e®0~0®0®e 

®®0©0®• 

I[ 

Figure 28 - Cylinder Head and Boh Tightening 
Sequence 

p 

Figure 29 - Cleaning the Valve Guide■ 

Rgure 30 • Measuring Valve Spring Tension 

ICC0027-M3-NIP 

Figura 31 - Measuring Stem to Bore Clearance 

OIL PAN 

Flgure33 

E3 Remove or Disconnect 

1. Negative(-) battery cable. 



~ SCALE 

[!] VALVESPRINGINSTAllEDHEIGHT
REFER TO "SPECIFICATIONS" 

@] CUTAWAY 

Figure 32 - Measuring Valve Spring Height 

2. Air cleaner (L03 engine). Refer to 
DRIVEABILITY AND EMISSIONS - FUEL 
INJECTION (TBI) (SEC. 6E2). 

3. Upper fan shroud. R. to COOLING AND 
RADIATOR (SEC. 6B). 

4. Plenum extension, if equipped. 
5. Spark plug wires. 
6. Distributor cap. 
• Raise and suitably support the vehicle. Refer to 

GENERAL INFORMATION (SEC. QA). 
7. AIR pipe at exhaust manifold. 
8. AIR. hose at the converter pipe. 
9. Engine oil. 

10. Exhaust pipe at the manifolds. Refer to 
EXHAUST SYSTEM (SEC. 6F). 

11. Flywheel cover. Refer to TRANSMISSION 
GENERAL INFORMATION AND 
ON-VEHICLE SERVICE (SEC. 7A). 

12. Transmission oil cooler lines at the clips (67) on 
the oil pan. 

13. Starter. Refer to CRANKING SYSTEM (SEC. 
6D2). 

14. Engine mount through bolts. Refer to •Engine 
Mounts and Brackets• in this section. 

15. Oil pan nuts (62) and bolts (61) with the 
reinforcement (65), retainers (66), clips (67) and 
clamp. . 

• Lower the oil pan (63) and check that the forward 
crankshaft throw and counterbalance weight are 
not in the way of oil pan removal. 
• Tum the crankshaft as n.eccs.,ary to get it 

out of the way. 
• Raise the engine enough to remove the oil pan 

(63). 
16. Oil pan (63). 
17. Oil pan gasket (64). 
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~ Clean 
• Oil pan and cylinder block gasket surfaces. 

E3 Install or Connect 

NOTICE: Only a small amount of sealant is 
required. Excessive amounts of sealant may cause 
an improper seal and oil leakage. 

• Apply a small amount of sealer (GM part number 
1052751, or equivalent), to the front and rear 
corners of the oil pan. 

1. New gasket (64) to oil pan (63). 

NOTICE: See •Notice• on page 6A3-1 of this 
section. 

2. Oil pan ( 63). 
• Turn the crankshaft as necessary. 
• Loosely install the nuts (62) and bolts (61) 

with the reinforcement (65), retainers (66), 
clips (67) and clamp. 

• Ensure the pipe clamps .are installed on the 
same bolts. 

• Lower the engine. 

I~) Tighten 
• Nuts (62) to 23 N • m (17 lb. ft.). 
• Bolts (61) to 11 N ·m (101 lb. in.). 

3. Engine mount through bolts. Refer to •Engine 
Mounts and Brackets• in this section. 

4. Starter. Refer to CRANKING SYSTEM (SEC. 
6D2). 

S. Transmission oil cooler lines to the clips (67) on 
the oil pan (63). 

6. Flywheel cover. Refer to TRANSMISSION 
GENERAL INFORMATION AND 
ON-VEHICLE SERVICE (SEC. 7A). 

7. Exhaust pipe at the manifold. Refer to 
EXHAUST SYSTEM (SEc. 6F). 

8. AIR hose at the converter pipe (VS). 
9. AIR pipe at the exhaust manifold (VS). 
• Lower the vehicle. 

10. Distributor cap. 
11. Spark plug wires. 
12. Plenum extension. if equipped. 
13. Upper fan shroud. Refer to COOLING AND 

RADIATOR (6B). 
14. Air cleaner. Refer to DRIVEABILITY AND 

EMISSIONS - FUEL INJECTION (TBI) (SEC. 
6E2). 

lS. Negative (-) battery cable. 
• Refill the crankcase with engine oil of the proper 

type and amount. Refer to MAINTENANCE 
AND LUBRICATION (SEC. OB). 

ll•I Inspect 
• For leaks, after running the engine. 
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.I!!) 88 

I!!] BOLT 

~ NUT 

~ OILPAN 

~ GASKET 

I!!) REINFORCEMENT 

~ RETAINER 

~ CUP 

~ STUD (LBS AND LSB) 

Figure 33 - 011 Pan 

OIL PUMP 
Figure 34 and 36 a Remove or Disconnect 

1. Oil pan. Refer to •on Pan• in this section. 
2. Bolt attaching the oil pump to the rear main 

bearing cap. 
3. Oil pump and shaft .extension (69). 

~ Diaaaemble 
1. ·Oil pump cover attaching screws (77) and pump 

cover (73). 
• Mark the gear teeth so they may be reassembled 

with the same teeth indexed. 
2. Idler gear (72), drive gear and shaft (71) from the 

pump body (70). 
3. Pressure regulator valve. retaining pin (76), 

pressure regulator spring (75) and pressure 
regulator valve (74) from pump cover (73). 

4. Pickup screen and pipe assembly (78) from the 
pump cover (73), if replacement is necessary. 

- Mount the pump in a soft-jaw vise and 
extract the pickup screen and pipe assembly 
(78). 

- Do not disturb the pickup screen on the 
pipe. They are serviced as an assembly. 

~ Clean 
• All parts in cleaning solvent. 

- Dry parts with compressed air. 

IL!J1nspect 
• Pump body (70) amt cover (73) for cracb, 

scoring, casting imperfections, and damaged 
threads. 

• Idler gear shaft. If loose in the pump body (70), 
replace the oil pump. 

• Pressure regulator valve (74) for scoring and 
sticking. 
- Burrs may be removed with a tine oil stone. 

• Pressure regulator valve spring (75) for loss of 
tension. 



• Pick-up screen• pipe assembly (78)-for broken 
wire mesh or screen. or looseness. 
- If the pipe is loose or has been removed, the 

pick.up screen and pipe assembly (78) must 
be replaced. 

• Gears for chipping, galling, and wear. 
• Driveshaft and driveshaft extension (69) for 

looseness and wear. 

III Assemble 
Tool Required: 

J 21882 Oil Suc_tion Pipe Installer 

NOTICE: Be careful not to twist, shear, or 
collapse the pipe while installing it to the oil pump. 

l. A new pickup screen and pipe assembly (78), if 
previously taken apart, to the pump cover (73). 
• Mount the oil pump cover (73) in a soft-jaw 

vise. 
• Apply sealer to the-end of the pipe. 
• Tap the pipe into place using J 21882 and 

a plastic-faced hammer. 
2. Pressure regulator valve (74), spring (75) and 

retaining pin (76). 
3. Drive gear and shaft (71'} ,to the pump body (70). 
4. Idler gear (72) to pump body (70) with the 

smooth side of the gear toward the pump cover 
(73). 

5. Pump cover (73). 

NOTICE: See "Notice" on page 6A3-l of this 
section. 

6. Pump cover screws (77). 

~ Tighten 

• Screws (77) to 9 N·m (80 lb. in.). 

lt!J 1nspect 

• For smoothness of operation by turning the pump 
driveshaft extension by hand. 

E3 Install or Connect 

1. Oil p~p, and driveshaft extension (69). 
- Align the slot on the end of the driveshaft 

extension (69) with the drive tang on the 
distn"butor driveshaft. 

NOTICE: See "Notice' on page 6A3-1 of this 
section. 

2. &It attaching the oil pump to the rear main 
bearing cap. 

~ Tighten 

• Bolt to 88 N ·m (65 lb. ft.). 
3. Oil pan. Refer to 'Oil Pan" in this section. 
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Agure 34 - Oil Pump 

0 SOFT JAW VISE 

§1 PUMP COVER 

l!!I PICKUP SCREEN AND PIPE 

Flgure 35 - ln9talllng Pickup Screen 

TORSIONAL DAMPER 

Figure 36 and 37 

E3 Remove or Disconnect 

Tool Required: 

J 23523-E Harmonic Balancer Remover 
and Installer 

1. Negative(-) battery cable. 

2. Serpentine ·drive belt. Refer to COOLING AND 
RADIATOR (SEC. 6B). 

• Raise and suitably support the vehicle. Refer to 
GENERAL INFORMATION (SEC. OA). 
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3. Bolts retaining the crankshaft pulley (79) to the 
torsional damper (83). 

4. Crankshaft pulley (79). 
5. Bolt retaining the torsional damper to the 

crankshaft. -
6. . Torsional damper (83) using J 23523-E. 

IL!) inspect 

• Torsional damper cover surface for damage or • 
grooving. Replace, if necessary. 

E3 Install or Connect 

NOTICE: The inertial weight section of. the 
torsional damper (83) is assembled to the hub with 
a rubber type material. The installation procedures 
(with proper tool) must be followed. Movement of 
the inertial weight section on the hub will destroy 
the tuning of the torsional damper (83). 

NOTICE: See •Notice• on page 6A3-1 of this 
~tion for steps 3 and 4. 

• Before installing the torsional damper (83), coat 
with oil the area of the damper which contacts the 
front engine cover seal. 

1. Tonional damper (83) into position over the key 
on the crankshaft. 

2. Tonional damper (83) using J 23523-E. 
• Thread the installation stud of J 23523-E 

fully into the crankshaft. 
• Place the torsional damper (83) over the end 

of the stud Align the keyway in the 
torsional damper shaft with the crankshaft 
key. 

• Plate, thrust bearing and nut over the 
torsional damper (83). Tool assembly is now 
complete. 

• Tum the nut to pull the torsonial damper 
(83) into place. 

• Remove J 23523-E. 
• Apply a small amount of RTV sealant to 

seal the keyway to the crankshaft joint. 
·3_ Bolt (81l and '""1ter (80) retaining the torsional 

damper (83) to the crankshaft. 

~ Tighten 

• Bolt (80 to 95 N·m (70 lb. ft.). 
4. Crankshaft pulley (79) to the torsional damper 

(83). . 
5. Bolts (82) retaining the crankshaft pulley (79) to 

the torsional damper (83). 

~ Tighten 

• Bolts to 58 N ·m (43 lb. ft.). 
• Lower the vehicle. 
6. Serpentine drive belt. Refer to COOLING AND 

RADIATOR (SEC. 6B). 
7. Negative{-) battery cable. 

CONNECTING ROD BEARINGS 
F,gura 38 through 40 

Connecting rod bearings are the precision insert 
type and do not use shims for adjustment. Do not file 
rods or rod caps. If clearances are found to be 
exceuive, .a new bearing will be required. Service 
bearings are available in standard size and 0.001-inch 
and 0.002-inch underaize for use with new and used 
standard size crankshafts. For use. with reconditioned 
crankshafts, 0.010-inch and 0.020-inch bearings are 
available. 

E3 Remove or Dllconnect 
· 1. Oil pump. Refer to ·on Pump• in this section. 

[I] Important 

• Before removing a connecting rod cap, 
mark the side of the rod and the cap with 
the cylinder number to ensure that they ~ 
matched during assembly. . 

2. Connecting rod cap nuts. 
3. Connecting rod cap and bearings. 

IL!) inspect 

• The bearing for evidence of wear or damage. 

~ Clean 
• Oil from upper and lower bearing shells. 

ltil M~aura 
1. Crank.pin for out-of-round and taper with a 

micrometer. Refer measurements to 
•specifications• in· this section. 

- If not within specifications, replace or 
recondition the crankshaft. 

- If installing new bearings, determine 
new bearing size from the maximum 
crankpin diameter. 

NOTICE: If a bearing is being fitted to an 
out-of-round craokpm, be sure to fit to the 

. maximum diameter of the~ If the bearing 
is fitted to the minimum diameter and the 
crank.pin is out-of-round 0.02 mm (0.001 inch), the 
interference between the bearing and crankpin will 
result in rapid bearing failure. 

2. Bearing cl~ using gaging pwtlC. 
• Place a piece of gaging plastic the full width 

of the bearing, {parallel to the crankshaft) 
onto the crankpin. 

- Plastic gage should be positioned in 
the middle of the bearing shell. The 
bearing is thickest in the center of the 
shell and false readings could occur i' 
placed elswhere. . . 

• Install the connecting rod cap with the----
bearing onto the connecting rod. 

• Install ~e connecting rod cap nuts. 



§1 CRANKSHAFT PULLEY 

~ WASHER 

~ BOLT 

I!!] BOLT 

~ TORSIONAL DAMPER 
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Rgure 36 - Crankshaft Pulley 

J23523-E 

~ TORSIONAL DAMPER 
p 

Figure 37 - Installing Torsional Damper 

~ Tighten 

• Nuts, in three passes, to 60 N ·m (44 lb. ft.). 

NOTICE: Do not tum the crankshaft with the 
gaging plaatic in.stalled. 

• Remove the connecting rod cap nuts and 
cap. 

• Measure the gaging plastic at its widest 
point, using the scale provided with the 
aging plaatic. Refer measurements to 
-rspccificatiODS" in this section. 

If clearance is greater than 
specifications, select an undersize 
connecting rod bearing and measure 
the clcanmce again. 

- If clearance cannot be brought to 
specifications, regrind the crankpin. If 

the crankpin is already at the 
rnaximrun undersize, replace the 
crankshaft. a lnrtaD or Connect 

• Coat the bearings with engine oil. 
1. Connecting rod cap and bearings. 

NOTICE: See "Notice" on page 6A3-1 of this 
section. 

2. Connecting rod cap nuts. 

l~I Tighten . 
• Nuts, in three passes, to 60 N ·m (44 lb. ft.). 

(!II Meuura 

• Side clearance between connecting rod 
and connecting rod caps using a feeler 
gage or dial indicator. · 

• When all connecting rod bearings have been 
installed, tap each rod lightly parallel to the 
crankpin to make sure they have clearance. 
·• Rod side clearance should be 0.16 to 0.3S 

mm (0.006 to 0.014 inch). 
3. Oil Pump. Refer to "Oil Pump" in this section. 

PISTON AND CONNECTING RODS 
r,gUl'IS 41 through 46 

E3 Remove or Disconnect 
1. Oil Pump. Refer to "Oil Pump" in this section. 
2. Cylinder head Refer to "Cylµider Head and 

Gasket" in this section. 
3. Ring ridge. 

• Turn the crankshaft until the piston is at the 
bottom of the stroke. 

• Place a cloth on the top of the piston. 
• Use a ridge reamer to remove the ring ridge. 
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Figure 38 - Gaging Plastic on Crankpin - Typical 

~ MEASURE WIDEST POINT 

Figure 39 - Measuring Gaging Plastic 

Figure 40 - Measuring Connecting Rod Side Clearance 

• Tum the crankshaft so the piston is at the 
top of its stroke. 

• Remove the cloth and cutting debris. 

[I] lmporblnt 

• Place matchmarks or numbers on the 
connecting rods and caps. Connecting rod 

caps must be assembled to their original 
connecting rods. 

4. Connecting rod cap nuts. 

NOTICE: To protect the connecting rod bearing 
surfaces, and stud threads, place a short length of 
fuel hose over the studs. 

5. Connecting rod and piston assembly out of the 
top of the cylinder block. 

Ill Dlsauemble 
Tool Required: 

J 24086-A Piston Pin Remover and Installer 
Set 

1. Connecting rod bearings from the connecting 
rods and caps. 
• If bearings are being reused, place them in 

a rack so they may be installed in their 
original rod and cap. 

2. Piston rings from the piston. 
3. Piston pin from the piston using J 24086-A 

(Figure 41 ). 

0 PRESS 

~ PISTONPIN 

Figure 41 - Removing Piston Pin 

~ Clean 
- Connecting rod in cleaning solvent 

- Dry the connecting rod with compreued 
air. 



IL!) 1111pect 

. • Connecting rod for twisting, nicks and oracles. 
Replaceifdamaged. · 

~Clean 

- Varnish from the piston skirts and pins with a 
cleaning solvent. 

- Ring grooves with a ring cleamer. 
- Oil ring holes and slots. 

IL!) inspect 

• Connecting rod for twisting, nicks and ctaeks. 
Replace if necessary. 

• Piston for: 
- Cracked ring lands, skirts, or pin bosses. 
- Grooves for nicks or burrs that may cause 

binding. 
- Warped or worn ring lands. 
- Scuffed or damaged skirts. 
- Eroded areas at the top of the pistion. 

- Worn pistion bores and piston pins. 
- Replace damaged or exclussively worn 

pistons. 

(fil Measure 
1. Piston pin bore-to-piston- pin (84) clearance. 

- Piston pin bores and piston pins (84) must 
be free of varnish or scuffing when being 
measured. 

- Use a micrometer to measure the piston pin 
(84) and an inside micrometer to measure 
the piston pin bore. 

- If clearance is in excess of 0.025 mm (0.001 
inch), the piston and piston pin (84) should 
be replaced. The piston and the piston pin 
(84) are matched and are not serviced 
separately. 

2. Piston compression ring end gap. 

[I] Important 

• Fit each compression ring to the cylinder in 
which it will be used. 

• Place the ring into the cylinder bore. 
• Push the ring into the cylinder bore to 

approximately 6.5 mm (l/4 inch) above the 
ring travel Ring must be.square to cylinder 
wall. 

• Measure the end gap with a feeler gage. 
Refer to •specifications• in this section for 
acceptable end gaps. 
- If the end gap exc.eeds specifications, 

select another size ring set. 
3. Piston ring side clearance. 

• Roll the ring entirely around its ring groove 
on the piston. 
- If any binding is caused by the ring 

groove, dress the groove with a fine 
cut file. 

- If any binding is caused by a distorted 
ring, replace the ring. 
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• Measure side clearance of the piston ring 
and groove with a feeler gage. For 
acceptable side clearances, refer to 
•specifications• in this section. 
If the side clearance is too small, try ano1:her 
ring. 

4. Piston-to-cylinder bore clearance to determine 
the suitability of a used piston. Measure the 
piston-to-cylinder bore clearance as follows: 
• Measure the cylinder bore diameter at a 

point 64 mm (2-1/2 inches) from the top of 
the cylinder bore using a bore gage. 

• Measure the piston across the skirt at right 
angles to the piston pin (84) using a caliper 
or micrometer. 

• Subtract the piston diameter from the 
cylinder bore diam~ter. This will indicate 
the piston-to-bore clearance. 

• Compare measurements to •specifications• 
in this section. 

• If the clearance exceeds the specifications, 
subtract the size of a new piston from the 
cylinder bore diameter previously 
measured. 
• If the clearance with a new piston is 

within the specifications, mark that 
piston to the cylinder to which it is to 
be installed. 

• If the clearance is within the specifications, 
the used piston may be installed again. 

KC a.F,RP 

Figure 42 - Measuring Ring Gap 

II) Assemble 

Tool Required: 

J 24086-A Piston Pin Remover and Installer 
Set 

NOTICE: After J 24086-9 hub bottoms on 
su[>port assembly, do not exceed 34,475 kPa (5000 
psi) or the tool may be damaged. 

1. Piston and connecting rod. 
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Figura 43 - Checking Ring In Groove 

K 

Rgure 44 - Measuring Ring Groove Clearance 

- Lubricate piston pin holes in both the piston 
and connecting rod. 

- Press piston pin (84) into the piston and 
connecting rod using 1 24086-A. 

IL!) Inspect 

- For freedom of movement of the piston on 
the piston pin (84). 

2. Piston rings onto the piston. 
• The marked side of the rings must face 

toward the top of the piston. 
- · The top ring is chrome or 

molybdenum faced. 
- The second ring has a tapered face. 

• Install oil ring spacer in groove and insert 
anti-rotation tang, in drilled hole, if 
applicable. 

• Hold the spacer ends together and install 
the lower oil ring rail with gap properly 
located. 

• Install the upper oil ring rail with gap 
properly located. 

- Flex the oil ring assembly to make 
sure rings are free. 

• Install second compression ring with gape 
properly located. 

• Install top compression ring with gaps 
properly located. 

• Lubricate connecting rod bearings. 
3. Connecting rod bearings into the original 

connecting rods and caps. 

E3 Install or Connect 
Tool Required: 

· J 8037 Piston Ring Compressor 

~ Clean 

• Cylinder bores with hot water and detergent 
or with a light honing. · 

• Swab bores with engine oil and a clean, dry 
cloth. 

NOTICE: Place a short length of fuel hose over 
the connecting rod studs to protect the bearing 
surface and threads. 

• Coat piston. rings, cylinder bore, and bearing 
surfaces with engine oil. 

1. Piston into its original bore using 1 8037 and 
lightly tapping the top of the piston with a 
wooden hammer handle. 
• Connecting rod bearing tang slots should be, 

on the side opposite the camshaft. 
• Hold J 8037 firmly against the cylinder 

block un·til all piston rings have entered the 
cylinder bore. 

2. Connecting rod caps onto their original 
connecting rods. 
• Align the matclmwb or numbers which 

were placed on the connecting rod and cap 
during removal. 

NOTICE: See "Notice" on page 6A3-l of this 
section. 

3. Connecting rod cap nuts. 

~ Tighten 

. • Nuts, in three puses, to (j() N ·m (44 lb. ft.). 
4. Cylinder head. Refer to • Cylinder Head and 

Gasket" in this section. 
s. Oil pump. Refer to ·on Pump" in this section. 

MAIN BEARINGS 
Flgur,47 
Crankshaft Removed from Engine 

EJ Remove or Disconnect 
1. Crankshaft. Refer to "Crankshaft• in this 

section. 
2. Main bearings from the cylinder block . 
3. Main bearings from the bearing caps. 
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Figure 45 - Installing Piston Pin 

Figure 46 - Installing the Piston 
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E3 Install or Connect 

• To determine proper main· bearing size for 
installation, refer to 'Main Bearing- Fitting' in 
this section. 

1. Main bearings of the correct size into the cylinder 
block. 

2. Main bearings of the correct size into the main 
bearing caps. 
• Coat the bearings with oil. 

3. Crankshaft. Refer to •crankshaft• in this 
section. 

Crankshaft Installed in Engine 

I ++I Remove or Disconnect 

Tool Required: 
J 8080 Main Bearing Shell Remover and 
Installer 

1. Oil pump. Refer to •Qil Pump• in this section. 
2. Main bearing cap bolts. 
3. Mam bearing cap with bearing. 
4. Upper main bearings. 

• Install J 8080 into the oil hole of the 
crankshaft journal 

• Rotate the crankshaft clockwise as viewed 
from the front of the engine. This will roll 
the upper main bearing out of the block. 

E3 Install or Connect 

Tool Required: 
J 8080 Main Bearing Shell Remover and 
Installer 

• To determine proper main bearing size for 
installation, refer to •Main Bearing Fitting• in 
this section. 

1. Upper main bearing. 
• Coat the bearings with oil. 
• Insert the unnotched end between the 

crankshaft and the notched end of the 
cylinder block. 

• Rotate crankshaft in a clockwise direction, 
as viewed from the front of the engine. 

• Remove J 8080 from the oil hole in the 
journal. 

• Coat the lower main bearing with oil. 
2. Lower main bearing into the bearing cap. 
3. Main bearing cap, with aITows toward the front 

of the engine. 

NOTICE: See "Notice" on page 6A3-l of this 
section. 

4. Main bearing cap bolts. 
• With crankshaft, bearing and bearing caps 

installed and bolts started, thrust crankshaft 
rearward to set and align bearing caps. Then 
thrust crankshaft forward to align rear faces 
of rear main bearings. This procedure is 
mandatory except where the rear bearing 
cap is located with a dowel pin. 
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Ill Tighten 

• Bqlts (79) in three passes, to 105 N · m (77 
lb. ft.). 

S. Oil pump. Refer to •oo Pump• in this section. 

Figure 47 - Removing the Main Bearing 

Main Bearing Fitting 

E3 Remove or Disconnect 

1. Main bearings. Refer to •Mam Bearings• in this 
section. 

2. Serpentine accessory drive belt. Refer to 
COOLING AND RADIATOR (SEC. 6B). 

IL!) Inspect 

• Lower half of main bearing. 
- If the lower half is worn or damaged, both 

the upper and lower half should be replaced. 
- If the lower half is suitable for use, the upper 

half will also be suitable for use. 

(j) Mauura 

rn Important 

• If replacing the rear main bearing, check for 
the correct part number. Some rear main 
bearings are 0.20 mm (0.008-inch) wider 
than standard. The crarikshaft will be 
identified by 0.008 inch stamped on the rear 
counterweight. 

· • It is ~ry to measure the clearance of 
each main bearing to determine proper 
sizes. Factory installed bearings may not be 
the same size for each journal. Also, a 
production crankshaft may have one or 
more journals ground undcrsize. 

• When measuring # 1 main bearing 
clearance, accessory drive belt must be 
removed. This will prevent a tapered gaging 
plastic reading. 

1. Main bearing clearance, using gaging plastic. 

• Place a piece of gagingplastic-the full width 
of the bearing onto the journal. · 

• If the crankshaft is · removed from the 
engine, measure all five bearing clearances 
at the same time. rn Important 

• Do not rotate the crankshaft while the 
gaging plastic is between the journal and the 
bearing. 

• If the engine is in the vehicle, support the 
crankshaft upward to remove clearance 
from upper bearing. 

• Install the bearing cap with the arrows pointing 
toward the front of the engine. 

NOTICE: See •Notice• on page 6A3-l of this 
section. 

• Install the bearing cap bolts (79). 

~ Tighten 

• Bolts (79) in three passes, to 105 N · m (77 
lb. ft.). 

• Remove the bearing cap and bolts. 

• Measure the gaging plastic at its widest, using the 
scale provided with the gaging plastic. Refer 
measurement to •specifications• in this section. 

- If the gapis plastic shows an 
irregularity m the journal exceeding 0. 
025 mm (0.001-inch), measure the 
journal with a micrometer. 

- If clearance is greater than specified, 
select an undersize bearing and 
measure the clearance again. Always 
replace both upper and lower bearings 
as a unit. 

- If a new bearing cap is being installed 
and clearance is less than 0.025 mm (0. 
001-inch), inspect for burrs and nicks. 
If none are found, install the new cap 
as required. Lamjnated shlms are 
available for service. 

- If clearance cannot be brought to 
specifications using a standard 
uudersize bearing, regrind the 
cnmkshaft for use with the next 
undenize bearing. 

• Proceed to the nm bearing if the crankshaft is 
installed. 

2. Crankshaft end play, using a dial indicator or 
feeler gage. Refer · measurement to 
•specificatiODS• in this section. 

E3 Install or Connect 
1. Main bearings. Refer to •Main Bearings• in this 

section. · 

2. Serpentine accessory drive belt. Refer to 
COOLING AND RADIATOR (SEC. 6B). 



FLYWHEEL 

Flywheef Replacement 
Figure48 

E3 Ramova or Disconnect 

1. Transmission assembly. Refer to 
TRANSMISSION OENERAL 
INFORMATION AND ON-VEIUCLE 
SERVICE (SEC. 7A). 

2. Bolt.s (88) attaching flywheel (87) to crankshaft 
(85). 

3. Flywheel (87). 

E3 Install or Connect 

1. Flywheel (87). . 
• Align the crankshaft dowel pin to the 

proper hole on the flywheel 

NOTICE: See •Notice• on page 6A3-l of this 
section. 

2. Bolts (88) attaching flywheel (87) to crankshaft 
(85). 

ml Tighten 

• Bolts (88) to 100 N·m (74 lb. ft.). 
3. Transmission assembly. Refer to 

TRANSMISSION GENERAL 
INFORMATION AND ON-VEHICLE 
SERVICE (SEC. 7A). 

Flywheel Balancing 
F,gure48 

IL!J tnapect 

• Flywheel (87) for missing or loose 
converter-to-flywheel bolts. Tighten or replace as 
necessary. 

• Converter for damage or missing balance weights 
(89). H the converter is damaged or balance 
weights (89) are missing, replace the converter. 
For the flywheel balancing procedure, refer to 
TRANSMISSION GENERAL 
INFORMATION AND ON-VEHICLE 
SERVICE (SEC. 7A). 

REAR CRANKSHAFT SEAL 
Figures 49 and 60 

E3 Remove or Disconnect 
1. Flywheel. Refer to •Flywheel Replacement" in 
· this section. 

- NOTICE: Care should be taken not to nick the 
crankshaft sealing surface when removing the seal. 

2. Rear crankshaft seal. 
• Using the notches provided in the retainer, 

pry out the seal with a screwdriver. 

E3 Install or Connect 

Tool Required: 
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J 35621 Rear Main Seal Installer 
• Coat the new seal entirely with engine oil. 
1. Seal onto. I 35621.: 
2. J 35621 onto the rear of the crankshaft. Tighten 

the · screws snugly to ensure the seal will be 
in.stalled squarely over the crank:sbaft. 

3. Rear crankshaft seal to crankshaft and retainer. 
• Tighten the wing nut on J 35621 until it 

bottoms. 
• Remove J 35621 from the retainer. 
4. Fl,whecl. Refer to •Flywheel RepJawnent• in 

this section. 

lt"I Inspect 

• Engine oil level. 
• For leaks. 

REAR CRANKSHAFT SEAL RETAINER AND 
GASKET 
Figure 49 

E3 Remove or Disconnect 

1. Flywheel Refer to "Flywheel Replacement" in 
this section. 

2. Oil pan and lower it from the cylinder block and 
rear cranJc:shaft seal retainer (90). Refer to • Oil 
Pan• .in this section. 
- It is not necessary to loosen the engine 

mounts to remove the oil pan completely. 
3. Rear crankshaft seal retainer and the bolts. 
4. Rear crankshaft seal retainer (90) with the 

assembled seal, and the gasket. 
5. Rear crankshaft seal from the rear crankshaft seal 

retainer (90). 

~ Clean 

• Gasket surfaces. 

E3 Install or Connect 

[I] Important 

• Always use a new rear crankshaft seal and 
a new retainer gasket during the installation 
of the rear crankshaft seal retainer (90). 

1. New gasket and rear crankshaft seal retainer (90) 
on the studs. 
- It is not necessary to use any type of sealant 

to bold the gasket in place. _ · 

NOTICE: See •Notice" on page 6A3-1 of this 
section. 

2. Rear cranbhaft seal retainer nuts and the bolts. 

l~I Tighten 
• Nuts and bolts to 15 N • m (11 lb. ft.). 
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Figure 48 - Flywheel 

rL!J 1nspect 

• Oil pan gasket for damage. . 
- Replace the gasket if necesury. 

3. Oil pan. Refer to "Oil Pan" in this section. 
4. New rear main seal Refer to "Rear Crankshaft 

seat• in this section. 

ENGINE ASSEMBLY 

l3 Remove or Diaconnect 

1. Negative (-) battery cable from the battery. 
2. Hood. Refer to FR.ONT END BODY PANELS 

(SEC. 2C). 
3. Air cleaner. 
• Raise vehicle and suitably support. Refer to 

GENERAL INFORMATION (SEC. OA). 

0 SEAL REMOVAL NOTCHES A 

~ SEAL RETAINER 
p 

Figure 49 - Removing the Rear Crankshaft Seal 

• Drain cooling system. Refer to COOLING AND 
RAD IA TOR (SEC. 6B). 
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Figure 60 - Installing the Rear Crankshaft Seal 

4. Lower radiator hose and clamps. Refer to 
COOLING AND RADIATOR (SEC. 6B). 

5. Lower fan mounting bolts. 
6. Electrical connectors aitd retaining clips at the 

fan. 
• Lower vehicle. 
7. Upper radiator hose and clamps. Refer to 

COOLING AND RADIATOR (SEC. 6B). 
8. Upper radiator fan shroud and fan assembly. 

Refer to COOLING AND RADIATOR (SEC. 
6B). 

9. Radiator. Refer to COOLING AND 
RADIATOR (SEC. 6B). 

10. Serpentine accessory drive belt. Refer to 
COOLING AND RADIATOR (SEC. 6B). 

11. Accelerator control cable. Refer to ENGINE 
FUEL (SEC. 6C). 

12. Plenum extension screws and plenum extension, 
if equipped. Refer to IGNITION SYSTEM 
(SEC. 6D4). 

13. Spark plug wires at distributor. Refer to 
IGNITION SYSTEM (SEC; 604). 

14. Distributor. Refer to IGNITION SYSTEM 
(SEC. 604). 

15. External coil, if equipped. Refer to IGNITION 
SYSTEM (SEC. 604). 

16. Necessary vacuum hoses. Refer to 
DRIVEABILITY AND EMISSIONS - FUEL 
INJECTION (TBI) (SEC. 6E2) or 
DRIVEABILITY AND EMISSIONS - FUEL 
INJECTION (PORT) (SEC. 6E3). 

17. Necessary wiring and clips. Refer to ENGINE 
WIRING (SEC. 6D5). 

18. Fuel lines at fuel hoses. Refer to ENGINE FUEL 
(SEC. 6C). 

19. Power steering pump drive pulley. Refer to 
POWER STEERING GEAR AND PUMP 
(SEC. 3Bl). 
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20. Power steering pump. Refer to POWER 
STEERING GEAR AND PUMP (SEC. 3Bl). 

21. Air conditioning compressor. Refer to 
MANUALLY CONTROLLED AIR 
CONDITIONNG (SEC. lB). 

22. Negative(-) battery cable at engine block. 
23. AIR hoses and pipe. Refer to EXHAUST 

SYSTEM (SEC. 6F). 
• Raise vehicle and suitably support. Refer to 

GENERAL INFORMATION (SEC. 0A). 
24. Crossover pipe. Refer to EXHAUST SYSTEM 

(SEC. 6F). 
25. Flywheel cover. Refer to TRANSMISSION 

GENERAL INFORMATION AND 
ON-VEHICLE SERVICE (SEC. 7A). 

26. Torque converter to flywheel bolts. Refer to 
TRANSMISSION GENERAL 
INFORMATION AND ON-VEHICLE 
SERVICE (SEC. 7A). 

27. Starter. Refer to CRANKING SYSTEM (SEC. 
602). 

28. Transmission oil cooler lines at the oil pan. Refer 
to TRANSMISSION GENERAL 
INFORMATION AND ON-VEffiCLE 
SERVICE (SEC. 7A). . 

29. Engine mounting bolts. Refer to "Engine Mounts 
and Brackets" in this section. 

• Support transmission with an adjustable lifting 
device. 

30. Transmission crossmember 
TRANSMISSION 
INFORMATION AND 
SERVICE (SEC. 7A). 

• Lower transmission. 
31. Bellhousing bolts. 
• Raise transmission. 

bolts. Refer to 
GENERAL 

ON-VEHICLE 

• Install two transmission crossmember bolts. 
Refer to TRANSMISSION GENER.AL 
INFORMATION AND ON-VEHICLE 
SERVICE (SEC. 7A). 

32. Adjustable lifting device from transmiS&on. 
• Lower vehicle. 
• Install a lifting device onto the engine. 
• Support transmission with an adjustable lifting 

device. 
33. Engine. 

• Disconnect ground wires and catalytic 
. converter AIR pipe bracket at the back of 

.. the cylinder heads. 
• Mount the engine on a stand. 
• Drain the crankcase. 
• Drain the engine block. Refer to COOLING 

AND RADIATOR (SEC. 6B). 

E3 Install or Connect 

• Engine in reverse order of removal with the 
following exceptions: 
• Fill the crankcase with the proper amount 

and grade of oil and the cooling system with 
the proper coolant, after all other 
installation operations have been 
completed. Refer to MAINTENANCE 
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A.ND LUBRICATION (SEC. OB) and 
COOLING AND RADIATOR (SEC. 6B). 

• Set . 'tion· timing. Refer to IGNITION 
SY~ (SEC. 6D4). 

• Check engine and related systems for 
. proper operation and for fluid leaks. 

Cylinder Block a Remove or Dilconnect 

1. Engine. Refer to 'Engine Assembly'" in this 
section. 

2. Cylinder heads. Refer to •Cylinder Head and 
Gasket· in this section. 

3. Valve lifters, Refer t9 •vatve Lifters• in this 
section. 

4. Crankshaft. Refer to • Crankshaft• in this 
section. 

S. Pistons and ~ rods. Refer to '"Piston 
and Connecting Rod• m this section. 

6. 0-msbaft bearings. Refer to • Qsmsbaft 
Bearings• in this section. 

7. Oil F'tlter. 
8. Oil cooler, if equipped. 
9. Oil filter adapter bolts. 

10. Oil cooler 888elllbly, if eq-.ipped. 
11. Cylinder block coolant drain plugs. 
12. Fuel pump cover bolts. 
13. Fuel pump cover. 
i4. Fuel pump cover• gasket. 
15. Front and rear oil pressure hole plugs. 
16. Oil preswre . switch and fittings. Refer to 

DRIVEABILITY AND EMISSIONS-FUEL 
INJECTION (TIU) (SEC. 6E2) or 
DRIVEABILITY AND EMISSIONS - FUEL 
INJECTION (POR1) (SEC. 6E3). 

~ Clean 
• Cylinder block in solvent. 
• Gasket surfaces. 
• Coolant passages. 
• Oil passages. 

IL!) inspect 

• For cracks in the cylinder walls, coolant jacket, 
valve lifter bores and main bearing webs. 

II) Measure 

• Cylinder bores for taper, · out-of-round, or 
excessive ring ridse at the top of the ring travel 
using a dial indicator. Compare the 
measurements taken with •specifications• at the 
end of this section. 
- Cylinders with less than 0.127 mm (0. 

005-inch) of wear or taper may be 
reconditioned with a hone. 

- Cylndcrs with more than 0.127 mm (0. 
005-inch) of wear or taper must be bored 
and honed to the smallest oversize piston 

Boring 

that will permit complete resurfacing of all 
the cylinders. 

1. · Draw a flat across the top c,f the cylinder block 
several times to remove any burrs or ~ 
material. If the cylinder block surface 18 not 
completely smooth and flat, the boring bar may 
be tilted which would result in the cylinder 
having an uwom:ct angle to the crankshaft. 

2. Measure the~ to be imtalled at the center of 
the pjston skirt and at right angles to the piston 
pin. 

3. Bore the cylinder· to the same diameter as the 
piston. 

4. Hone the cylinder as outlined below to provide 
the specified clearance. 
• Follow the instructions provided by the 

manufacturer of the boring equipment being . 
used. 

NOTICE: Handle pistons with care. Do not 
attempt to force them into the cylinder. The piston 
may be easily distorted. 

Honing 
1. Follow the instructions provide4 by the 

manufacturer of the honing equipment being 
used. 

2. Occasionally during the honing operation: 
• Clean the cylinder bore. 
• Measure the cylinder bore for proper piston 

fit. 
3. F'mish the operation with a 45 to 65 degree 

cross-hatch pattern on the cylinder walls. 
- The finish marks should be clean but not 

sharp, free from imbedded particles and 
torn or faded metal. 

4. Place a permanent mark on each piston to match 
it to its proper cylinder. 

~ Clean 
• Cylinder bores and block with hot water and 

detergent, using a stiff bristle brush. Rinse 
thoroughly and dcy with a clean cloth. 
- Any abrasive material left in the cylinder 

bores will cause mpid wear of the piston 
rings bearings, and other engine parts. 

- Do not use keroseDc _or gasoline for 
cleaning. 

- After cleanin~ swab the cylinder bores with 
light engine oil and a clean cloth. Then wipe 
them out with a clean dry cloth. 

E3 Install or Connect 
NOTICE: See •Notice• on page 6A3-1 of this 
section for steps 2, ,. 7, 9 and 10 

1. Oil prcaure switch and fittings. Refer to 
DRIVEABILITY AND EMISSIONS - FUEL 
INJECTION (TIU) (SEC. 6E2) or 
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INJECTION (PORT) (SEC. 6E3). 

2. Front and rear oil pressure hole plugs. 

Ill Tighten 

• Oil pressure hole plugs to 13 N•m (115 lb. 
iri.). 

3. Fuel pump cover gasket. 

4. Fuel pump cover. 

5. Fuel pump cover bolts. 

m) Tighten 

• Upper fuel pump cover bolts to 34 N ·m (25 
lb. ft.). 

• Lower fuel pump cover bolts to 12 N·m 
(106 lb. in.). 

IL!J Inspect 
• Oil filter bypass valve and spring for proper 

operation. 

• For cracked or broken bypass valve. 

- The oil filter adapter and bypass valve 
assembly must be replaced as a unit. 

6. Oil filter adapter with n~w seal 

7. Oil filter adapter bolts. 

l~I Tighten 

• Bolts to 25 N ·m (18 lb. ft.). 

8. Oil cooler, if equipped. 

NOTICE: Slow take-up for compression of oil 
filter gasket is necessary to prevent damage to the 
gasket. Over tightening may rupture the filter can. 

9. New oil filter. 

,~, Tighten 

• Oil filter to 23 N • m (17 lb. ft.). 

10. Cylinder block coolant drain plugs. 

l~I Tighten 
• Plugs to 21 N ·m (15 lb. ft.). 

11. · •Qunsbaft bearings. Refer to • Camsb.aft 
Bearings• in this section. 

12. Pistons and connecting rods. Refer to •Pistons 
and Connecting Rods• in this section. 

13. Crankshaft. Refer to "Crankshaft" in this 
section. 

14. Valve lifters. Refer to "Valve Lifter Service" in 
this section. 

15. Cylinder heads. Refer to "Cylinder Head and 
Gasket" in this section. 

16. Engine. Refer to "Engine Assembly" in this 
section. 

CRANKSH~FT 
Rgul'96f a Remove or Disconnect 
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1. • Engine. Refer to •Engine A&1embly" in this 
section. 

2. Flywheel Refer to "Flywheel" in this section. 
3. Oil filter. 
4. Oil pan. Refer to "Oil Pan" in this section. 
S. Water pump. Refer to COOLING AND 

RADIATOR (SEC. 6B). 
6. Oil pump. Refer to "Oil Pump" in this section. 
7. Timing chain. Refer to •riming Chain" in this 

section. 
8. Rear crankshaft seal retainer and gasket. Refer to 

"Rear Crankshaft Seal Retainer and Gasket" in 
this section. 

9. Oil level indicator and tube. Refer to •oo Level 
Indicator and Tube" in this section. 

10. Spark plugs. Refer to IGNITION SYSTEM 
(SEC. 604). 

1 t. Connecting rod cap nuts. 
12. Connecting rod caps. 

• Place matchmarks on the connecting rod 
cap and the connecting rod. 

NOTICE: Place a short length of fuel hose over 
the connecting rod studs to protect the bearing 
surfaces and threads. 

13. Main bearing cap bolts (92). 
14. Main bearing caps (93 and 96). 
15. Crankshaft (85). 
16. Main bearings (94 and 95). For main bearing 

service, refer to "Main Bearings" in this section. 

~ Clean 

• Crankshaft (85) in solvent and dry it with 
compressed air. 

l~I Measure 
• .Main bearing journals and cnmkpins for 

out..of-round, taper, or undersize with a 
micrometer. Refer to "Specifications" in this 
section. 

• Crankshaft run out at the front and rear 
intermediate journals with a dial indicator. 
Support the crankshaft front and rear journals on 
V-blocks. Refer to •specifications" in this 
section. 
- Replace or recondition the crankshaft (85) 

if measurements are outside of the 
specifications. 

• Main bearing clearance. Refer to "Main Bearing 
Fitting" in this section. 

E3 Install or Connect 
NOTICE: See "Notice" on page 6A3-1 of this 
section for steps 4, 7 and 14. 

., 
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• To determine proper main bearing size for 
installation, refer to "Main Bearing Fitting" in 
this section. 

1. Main bearings (94 and 95) into cylinder block 
(59) and main_ bearing caps (93 and 96). 
• Coat the bearings (94 and 95) with oil. 

2. Crankshaft (85). 
3. Main bearing caps (93 and 96) with assembled 

bearings (94 and 95) with the arrows pointing 
toward the front of the engine. 

4. Main bearing cap bolts (92). _ 
• With crankshaft (85), bearings (94 and 95) 

and bearing caps (93 and 96) installed and 
bolts started, thrust crankshaft (85) 
rearward to set and align bearing caps (93 
and 96). Then thrust crankshaft (85) 
forward to align rear faces of rear main 
bearings (94 and 95). This procedure is 
mandatory except where the rear bearing 
caps (93 and 96) are located with a dowel 
pin. 

BY Tighten 

• Bolts (92), in three passes, to 105 N • m (77 
lb. ft.). 

141 Measure 
• Crankshaft end play, using a dial indicator 

or feeler gage. Refer to "Specifications"' in 
this section. 
- If using a feeler gage, measure between 

the front of the rear main bearing (94) 
and the crankshaft thrust surface. 

5. Rear crankshaft seal retainer and gasket. Refer to 
"Rear Crankshaft Seal Retainer and Gasket' in 
this section. 

6. Connecting rod caps onto their original 
connecting rods. 
• Align matc~ks that were replaced on 

the rods and caps during removal. 
7. Connecting rod cap nuts. 

l~I Taghten 
• Nuts, in threQpasses, to 60 N·m (44 lb. ft.). 

8. Spark plugs. Refer to IGNITION SYSTEM 
(SEC. 6D4). 

9. Timing chain. Refer to "Timing Chain" in this 
~on. 

10. Oil pump. Refer to "'Oil Pump" in this section. 

11. · Oil lever indicator and tube. Refer to •on Level 
Imticator and Tube' in this section.· 

12. Oil pan. Refer to "Oil Pan" in this section. 
13. Wat.er pump. Refer to COOLING AND 

RADIATOR (SEC. 6B). 

NOTICE: Slow tako-up for compression of oil 
filter gasket is necessary to prevent damage to the 
gasket. Ovcrtightening may rupture the filter can. 

14. Oil filter. 

~ Tighten 

• Oil filter to 23 N·m (17 lb. ft.). 
15. Flywheel. Refer to •Flywheel• in this section. 
16. Engine. Refer to •Engine Assembly" in this 

section. 

THREAD REPAIR 
Damaged threads may be reconditioned by 

drilling out, rethreading and installing a suitable thread 
insert. General purpose thread repair kits are available 
commercially. 

CAUTION: Wear eafety glasses to 
avoid eye damage. 

1. Determine si7.e, pitch and depth of dama'ed 
thread. If necessary, adjust stop collars on cutting 
tool and tap to the required depth. 

[I] Important 

• Refer to the kit manufacturer's instructions 
regarding the size of drill and tap to be used. 

2. Drill out damaged thread. aean out chips. 
3. Tap hole. 

- Lubricate tap with light engine oil. 
- Oean the thread. 

[I] Important 

• Avoid build-up of chips. Back out the tap 
every few turns and remove chips. 

4. Thread the thread insert onto the mandrel of the 
installer. Engage the tang of the insert onto the 
end of the mandrel. 

5. Lubricate the insert with light engine oil (except 
when installing in aluminum) and install. 

[I] Important 

• When correctly installed, the insert should . 
be flush to one tum below the surface. 

6. If the tang of the insert does not breaJc off when 
backing out the installer, break the tang off with 
a drift pin. 
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Figure 6 1 - Crankshaft and Bearings 

SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 
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Rear Transmission Mount Bolt ··········-················· ........................................... 54 N •m (40 lb. ft.) 
Rear Transmission Mount Nut ....................................... ~ ................................. 47 N·m (35 lb. ft.) 
Engine Mount Through Bolts ........................................................................... 68 N ·m (50 lb. ft.) 
Engine Mount Bracket Bolts/N"uts .................................................................. 52 N·m (38 lb. ft.) 
Intake Manifold Bolts ....................................................................................... 47 N •m (35 lb. ft.) . 
Exhaust Manifold Bolts and Studs (Center) .................................................... 27 N·m (20 lb. ft.) 
Exhaust Manifold Bolts and Studs (Outer) ...................................................... 35 N ·m (26 lb. ft.) 
Engine Front Cover Bolts .............................................................................. 11 N·m (100 lb. in.) 
Camshaft: Sprocket-to-Camshaft Bolt ............................................................... 28 N•m (21 lb. ft.) 
Cylinder Head Bolts ....................................................................................... 92.2. N·•m (68 lb. ft.) 
Oil Pan-to-Cylinder Block Bolts .................................................................... 11 N•m (101 lb. in.) 
Oil_Pan-to-Cylinder Block Nuts ....................................................................... 23 N•m (17 lb. ft.) 

· Oil Pump to Rear Main Bearing Cap Bolt ...................................................... 88 N·m (65 lb. ft.) 
Oil Pan Attaching Bolt ..... _.. .......................... .................... ............ .................. 11 N • m (101 lb. in.) 
Torsional Dampers ·to Cra.oksbaft Bolt ............................................................ 95 N·m (70 lb. ft.) . 
Crankshaft Pulley to Torsional Damper Bolt .................................................. S8 N·m (43 lb. ft.) 
Connecting Rod Cap Nut ................................................................................. 60 N·m (44 lb. ft.) 
Main Bearing Cap Bolts .................................................................................. 105 N·m (77 lb. ft.) 
Flywheel-to-Crankshaft Bolts ......................................................................... 100 N•m (74 lb. ft.) 
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Rear Crankshaft Seal Retainer Nuts and Bolts ............................................... 15 N·m (11 lb. ft.) 
Oil Pressure Hole Plugs ................................... .............................................. 13 N • m (115 lb. in.) 
Upper Fuel Pump Cover Bolts ......................................................................... 34 N ·m (25 lb. ft.) 
Lower Fuel Pump Cover .. Bolts ...................................................................... 12 N ·m (106 lb. in.) 
Oil Filters Adapter Bolts ·:·•·· .............................................................................. 2:5 N ·m {18 lb. ft.) 
Oil Ftlter ................ _ .......................................................................................... 23 N ·m (17 lb. ft.) 
Coolant Drain Plugs .......................... ~ ............................................................... 21 N •m (15 lb. ft.) 
Valve Cover Bolts ............................................................................................ 8.5 N ·m (75 lb. in.) 
Spark Plug ............................... -.......................................................................... 30 N·m (22 lb. ft.) 
Valve I..ifter Retainer Bolts ............................................................................... 16 N ·m (12 lb. ft.) 
Oil Level Indicator Tube Bracket BGlt .................. ................................ ... ........ 34 N • m (25 lb. ft.) 

ENGINE SPECIFICATIONS - &;OL (L03) 

Type ···········································-··-················•············································································ V8 Displacem.ent ........................................................................................................... 5.0L (305 CID) 
Bore ..•...•..•.••.••.•...........••...........••........•.....••.•............•.••.••...•....................•................•...••....•.. (3. 74 •) 
Stroke ................................................................................................................... 88.39 mm (3.48"') 
Compression Ratio ................................................................................................................... 9.3:1 
Flring Order .............................................................................................................. 1-8-4-3-6-5-7-2 
Cylinder Bore Diameter ....................................................... 94.869-94.958 mm (3.7350"'-3.7385') 
C.Srnshaft Lobe Lift± 0.050 mm (0.002') 

Intake ............................................................................................................... 5.94 mm (0.234") 
Exhaust ............................................................................................................ 6.53 mm (0.257"') 

Valve Lift 
Intake ............................................................................................................... 8.89 mm (0.350') 
Exhaust ............................................................................................................ 9.78 mm (0.385') 

Spark Plugs 
Type ............................................................................................................ R45TS, or equivalent 
Gap ................................................................................................................... 0.89 mm (0.035') 

ENGINE SPECIFICATIONS. 6.0L (LB9) 

Type ............................................................................................................................................ _........ V8 
Displacement ............................................................................................................. 5.0L (305 CID 
Bore ...................................................................................................................... 94.89 mm (3.74') 
Stroke ................................................................................................................... 88.39 mm (3.48"') 
Compression Ratio .....•....... ......................... ...................•.. .......•..••.........•...... ...........................• 9 .3·: 1 
Firing Order .............................................................................................................. 1-8-4-3-6-5-7-2 
Cylinder Bore Diameter ......................................................... 94.869-94.958 mm (3.7350-3.7385"') 
Camshaft Lobe Lift ± 0.050 mm (0.002') · 

Intake ............................................................................................................... 6.83 mm (0.269"') 
Exhaust ............................................................................................................ 7.01 mm (0.276"') 

Valve Lift 
Intake ............................................................................................................... 8.89 mm (0.350") 
Exhaust ......................................................................................................... ; ••.. 9. 78 mm (0.385') 

Spark Plugs . . . 
Type ..•.•..•. •.•...•.••. ..•..... .... ..• .•......... ........•... ....... ............................................. R43TS~ or ec;illivalellt 
Gap ................................ ~········· .. ···· ................................................................. - 0.89 mm (0.035') 

ENGINE SPECIFICATIONS· 6.7L (L98) 

1'ype ...... - .............................................................................................................................................. vs 
Displacement ........................................................................................................... S. 7L (350 CID) 
Bore .............. ~..................................................................................................... 101.60 mm. (4.00') 
Stroke ................................................................................................................... 88.39 mm (3.48') 
Comprasion Ratio ........................................................................................................ ~····~···-······ 9.3: 1 
Firing Order .............................................................................................................. 1-8-4-3-6-5-7-2 
Cylinder Bore Diameter ....................................................... 101.59-101.66 mm (3.-9995"-4.0025') 
Camshaft Lobe Lift ± 0.050 mm (0.002') - · · 

.Intake ............................................................................................................... 6.93 mm (0.273") 
Exhaust ............................................................................................................ 7.16 mm (0.282") 
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Valve Lift 
. Intake .............................................................................................................. 10.54 mm (0.415•) 

Exhaust ........................................................................................................... 10.92 mm (0.430') 
Spark Plugs . 

Type .....•.... ."................................................................................................. R4STS, or equivalent 
. Gap ................................................................................................................... 0.89 mm (0.035') 

GENERAL ENGINE SPECIFICATIONS 

Oil Pressure ..................................................................... 41.4 kPa (6.0 psig) at 1,000 engine rpm 
124.1 kPa (18.0 psig) at 2,000 engine rpm 
165.5 kPa (24.0 psig) at 4,000 engine rpm 

Cylinder Bore 
Out-of-Round 

Production · ........................................................................................ 0.02 mm (0.001 ") MAX. 
Service Limit .... .................................................................................... 0.05 mm (0.002 ") MAX. 

Taper 
Production 

Thrust Side ................................................................................... 0.012 mm (0.0005") MAX. 
Relief Side ..................................................................................... 0.025 mm (0.0010") MAX. 
Service Limit ............................. .................................................... 0.025 mm (0.001 0") MAX. 

Piston Clearance · 
Production ...................................................................................... 0.18 mm-0.43 (0.007-0.017•) 
Service Limit ...................................................................................... 0.06 mm (0.0027") MAX. 

Piston Compression Ring 
Groove Clearance 

Production Top .................................................................... 0.03-0.08 mm (0.0012"-0.0032") 
Production 2nd ..................................................................... 0.03-0.08 mm (0.0012" -0.0032") 
Service Limit .................................................................................. 0.10 mm (0.0042") MAX. 

Gap 
Production Top ........................................................................ 0.25-0.50 mm (0.010" -0.020") 
Production 2nd ............................................................. 0.25-0.63 mm (0.010" -0.025") MAX. 
Service Limit .................................................................................... 0.88 mm (0.035") M.AX. 

Piston Oil Ring 
Groove Clearance 

Production ...................................................................... 0.051 mm-0.17 mm (0.002"-0.007") 
Service Limit ...................................................................... ......... 0.20 mm (0.008 mm) MAX. 

Gap 
Production ................................................................................ 0.38-1.39 mm (0.015"-0.055") 
Service Limit .................................................................................... 1.65 mm (0.065") MAX. 

Piston Pin 
Diameter ............................................................................. 23.546-23.553 mm (0.9270"-0.9273") 
Clearance in Piston 

Production ................................................................. 0.0064-0.0088 mm (0.00025"-0.00035") 
Service Limit .................................................................................. 0.025 mm (0.001 ") MAX. 

Fit In Rod ............................................................................ 0.021-0.040 mm (0.0008"-0.0016") 
Interference Crankshaft 

Main Journal 
Diameter #1 .................................................................... 62.19-62.21 mm (2.4484'-2.4493") 
Diameter #2, #3, #4 .................................................... 62.18-62.20 mm (2.4481"-2.4490") 
Diameter #5 .................................................................... 62.18-62.19 mm (2.4479"-2.4488") 
Taper 

Production ................................................................................ 0.005 mm (0.0002") MAX. 
Service Limit ............................................................................. 0.025 mm (0.0010') MAX. 

Out-of-Round 
Production ................................................................................ 0.005 mm (0.0002") MAX. 
Service Limit ............................................................................. 0.025 mm (0.0010") MAX. 

Main Bearing Clearance 
Production # 1 ......................................................................... 0.03-0.05 mm (0.0008 • -0.0020") 
Production #2, #3, #4 ......................................................... 0.03-0.05 mm (0.0011 "-0.0020"') 
Production #5 ......................................................................... 0.05-0.08 mm (0.0017"-0.0032") 
Service Limit # 1 ................................................................. 0.026-0.038 mm (0.0010"-0.0015") 
Service Limit #2, #3, #4 ..................................................... 0.03-0.06 mm (0.0010"-0.0025") 
Service Limit #5 ..................................................................... 0.07-0.08 mm (0.0025"-0.0035") 
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Valve System 
~ ......................... - .............................................. ·-··-············· .......... _............................ Hydralllic 
Rocker Arm. Ratio . .••.• .•..•.. .••.. ..•.•.•. ... . . . . •. .. . . .•. . .. . . .. ... ..•.•. .•. .• •. .. .. . . .•.•••.. .. ..... ..•.•. ••••• .•• •••.. ..... 1.50: 1 
Valve I.ash ........................................................................... 1 + 1/4 turn down from zero lash 
Face Angle ................................................................................................................................. . 4S-
Seat Angle ·..•• .• . .•.• .••..... .. . ... . .... . ........•.. ... .. .. .. . . .. •. • ....... ...... ........ •••. ........ .. . .... . . ..•••. ........... ..... ...... · 461' 
Seat Runout ......................................................................................... 0.0S mm (0.002•) MAX. 
Seat Width . 

Intake .................................................................................................. 0.79-1.58 (t.32•-1116•) 
Exhaust .............................................................................................. 1.59-2.38 (l/t6• -3/32•) 

Stem Clearance 
Production 

Intake ................ ; ................................................................... 0.03-0.06 mm (0.001 t • -0.0021•) 
Exhaust ................................................................................. 0.03-0.06 mm (0.0011 •-0.0021•) 

Service ......... Hi Limit Production + 0.025 mm (0.001-inch) Intake+ 0.05 mm (0.002-inch) 
Exhaust . 

Valve Spring 
Free Length ........................................................................................................ 51.5 mm (2.03•) 
Pressure 

Closed ............................................................... - ...... 338-373 Nat 43 mm (76-84 lb. at 1.1•) 
Open .................................................................... 863-916 Nat 32 mm (194-206 lb. at 1.2s•) 

Installed Height 
Intake ........................................................................................................... 43.7 mm (1 23/32•) 
Exhaust ........................................................................................................ 40.5 mm (1 19/32•) 

Damper 
Free Length ...................................................................................................... 47.2 mm (1.86••) 
Approximate number of coils ..................... ................................................................................ 4 
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SECTION 6B 

COOLING AND RADIATOR 
The following •Notice' applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: "NOTICE: See 'Notice" on page 6B-1 
of this section." 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of.equal size and strength (or stronger) may be used Fasteners 
that are not reused and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 

CONTENTS 
General Description ........ ........ ................. .......... 6B- l 

Radiator .......................................................... 6B- l 
Core and Tanks .......................................... 6B-l 
Radiator Cap .............................................. 6B-2 
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Temperature Light Switch ............................. 6B-2 
Coolant Temperature Fan.JSwitch •......•.......... 6B-3 
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Coolant Recovery System .............................. 6B-3 

Mairateoance Recommendations ........................ 6B-3 
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Thermostat ....... ............................................... 68-7 
Cooling Fan .................................................... 6B-7 
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Upper Radiator Baffle ................................ 6B-8 
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Coolant Pump (LBS) ................................ 6B-9 
Coolant Pump (Except LBS) .................... 68-10 

Coolant Hoses ............................................ ... 6B-11 
Coolant Recovery Reservoir ........................ 68-11 

GENERAL DESCRIPTION 
The cooling system, which consists of a radiator 

and coolant recovery sub-system. cooling fan, 
thermostat and housing, and drive belt, works to 
maintain engine temperature at an efficient level 
during all engine operating conditions. 

Coolant is drawn from the radiator by the coolant 
pump and circulated through coolant jackets in the 
engine cylinder block, intake manifold, and cylinder 
heads. It is then directed back to the radiator. 

The system directs some coolant through hoses to 
the heater core to provide defrost and passenger 

Routing and Tensioning Accessory 
Drive Belt .................................................. 6B-12 
Drive Belt Tension (LBS) ......................... 6B-12 
Drive Belt Tension (Except LBS) ............ 68-12 
Drive Belt ................................................... 6B-12 
Drive Belt Tensioner (LBS) ...................... 68-14 
Drive Belt Tensioner (&cept LB8) .......... 68-14 
Drive Belt Idler (LBS) .............................. 68-15 
Air Compressor Idler Pulley 

(Except LBS) ...• ;..................................... 68-15 
Draining and Refilling the Cooling 

System ................. ; ...................................... 68-16 
Radiator ........................................................ 68-16 

Aluminum Radiator Service ............................ 68-17 
Pre(:a,ution.s .................................... ·-··· •••.••••.. 68-17 

I.a.ks ··-························································· 6B-17 On-Vehicle Pressure Testing .................... 68-17 
Off-Vehicle Pressure Testing .................... 68-17 
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Header Repair ........•.•................................ 6B-20 
General Core Repair ................................. 68-20 
Tank Gasket Leak Repair ........................ 6B-22 

Tnu,srnission Oil Cooler Gasket .................. 68-23 
Transmission Oil Cooler ............................... 6B-23 
Recore ........................................................... 6B-23 
Drain Cock ................................................... 6B-24 

Specifications .................................................... 68-24 
Special Tools ..................................................... 68-25 

compartment heat. A coolant recovery reservoir is 
connected to the radiator to recover coolant displaced 
by expansion. As the engine cools, the coolant is drawn 
back into the radiator by vacuum. 

RADIATOR 

Core and Tanks 

A cross-flow radiator core is used on all models. 
Tanks are located to the right and left of the core. 

Radiators used with automatic transmissions 
have oil coolers with inlet and outlet fittings for 
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transmission fluid circulation. Vehicles with manual 
transmissions use radiators without oil coolers. 
Vehicles equipped with air conditioning use a radiator 
with extra cooling capability. · · 

An aluminum-plastic radiator can be identified 
by a note on the· outlet tank 5" below the filler neck 
which reads, •Important - for repair see Harrison 
Service Manual.• Service procedures for the aluminum 
plastic radiator are described in that manual and in this 
section. 

Radiator Cap 
F,gure 1 

A pressure-vent cap is used with the cross-flow 
radiator to allow a buildup of 103 kPa (15 psi) in the 
cooling system. This pressure raises the boiling point 
of coolant to approximately 125°C (262"F) at sea level 

CAUTION: Do not remove radiator cap 
to check engine coolant level; check 
coolant visually at the see-through 
coolant reservoir. Add coolant to the 
reservoir only when the system cools. 
CAUTION: As long as there Is 
pressure in the cooling system. the 
temperature can be considerably 
higher than the boiling temperature of 
the solution. Removal .. of the radiator 
cap while engine is hot and pressure is 
high will cause the solution to boil 
instantaneously and possibly with 
explosive force. spewing the solution 
over engine. fenders and person 
removing cap. If the solution contains 
flammable antifreeze, such aa alcohol 
(not recommended for use at any 
time), there is also the possibility of 
causing a serious fire. 
The pressure-type radiator tiller cap contains a 

blow-off {pressure) valve and a vacuum (atmospheric) 
valve. The pressure valve is held against its seat by a 
heavy spring. This spring protects the radiator by 
relieving pressure exceeding 103 kPa (15 psi). 

To prevent radiator collapse caused by vacuum as 
the engine cools, the vacuum valve prevents excessive 
pressure differences from occuring between the cooling 
system and the atmosphere. 

The radiator cap has been re-designed with the 
finger grips removed to discourage inadvertent 
removal. To safely remove the cap, rotate the cap 
slowly counterclockwise (do not press down) to detent. 
Allow any pressure to relieve. Next, press down on the 
cap and continue to rotate cap counterclockwise and 
lift off the cap. 

Under the diaphragm spring at the top of the cap 
is a rubber.asbestos gasket, and embossed on the cap 
is a caution against its being opened and arrows 
indicating the proper closed position. 

Transmission Oil Cooler 
A transmission oil cooler is located in the right 

tank of the radiator on models equipped with an 
automatic transmission. 

0 VACUUM RELIEF 

[!] PRESSURE RELIEF 

Figure 1 - Closed System Pressure Cap 

Drain Cock 

The radiator drain cock is located on the inner 
right side of the radiator. near the bottom. The drain 
cock assembly includes the drain cock and the drain 
cock sealer. 

COOLING FAN 

An electric cooling fan aids air flow through the 
radiator. There are five p~tic blades on each fan. The 
fan is driven by a motor attached to the radiator 
support. LB9 and L98 engines equipped with air 
conditioning have two cooling fans attached to radiator 
support. 

The fan motor is activated by a coolant 
temperature switch. If the vehicle is equipped with air 
conditioning. a second switch can activate the fan 
motor when the compressor is operating. 

CAUTION: If a fan blade Is bent or 
damaged In any way, no attempt 
should be made to repair and reuse the 
damaged part. ·A bent or damaged fan 
assembly should always be replaced 
with a new fan assembly. It is 
essential that fan assemblies remain 
in proper balance and proper balance 
cannot be assured once a fan 
assembly has been bent or damaged. 
A fan assembly that Is not in . proper 
balance could fail and fly apart during 
subsequent use, creating . an 
extremely dangerous condition. 

TEMPERATUR·E LIGHT SWITCH 

This switch activates a warning lamp in the 
instrument cluster if the engine overheats. With 
optional instrumentation, a temperature gage replaces 
the warning lamp and the temperature switch is 
replaced with a transducer. Refer to ELECTRICAL 
DIAGNOSIS (SEC. SA) for temperature switch 
diagnosis_ and location.-



COOLANT TEMPERATURE FAN SWITCH 
This switch regulates voltage to-the coolant fan 

relay, which operates-the fan when the engine coolant 
temperature exceeds 1 l()"C (230"F). Refer to 
ELECTRICAL DIAGNOSIS (SEC: 8A) for fan 
switch diagnosis and location. 

THERMOSTAT 
Figure2 

A pellet-type thermostat is used in the coolant 
outlet passage to_ control the flow of engine coolan~ to 
provide fast engme warm-up and to regulate engme 
temperatures. A wax pellet element in .the thermostat 
expands when heated and contracts when cooled. The 
pellet element is connected through a piston to a valve. 
The valve remains closed while the coolant is cold, 
preventing circulation of coolant through the radiator 
and allowing the circulati~ of coolant only through 
the engine. · 

AB the engine warms, the pellet element expands 
and the thermostat valve opens, permitting ·coolant to 
flow through the radiator. 

[I] 

7-VALVE 1-FLANGE SEAL 
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4-NUT 
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I-RUBBER DIAPHRAGM 
9-WAX PELLET 

10-COIL SPRING 
11-FRAME 

Agure 2 - Pellet Type Thermostat 

COOLANT RECOVERY SYSTEM 

... 

A •see-through• plastic reservoir is connected to 
the radiator by a hose. As the vehicle is driven, the 
coolant -is heated and expands. The portion of the fluid 
displaced by this expansion flows from the radiator 
into the recovery bottle. When ·the engine is stopped 
and the coolant cools and contracts, the displaced 
coolant is drawn back into the radiator by vacuum. 
Thus. the radiator is kept filled with coolant to the 
desired level at all times, resulting in increased cooling 
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efficiency. Ox>Jant level shou1d be at 01' above the 
appropriate mark on recovery bottle when system is 
cold. -

MAINTENANCE RECOMMENDATIONS 
COOLING SYSTEM CARE 

The radiator cap should not be removed to check 
coolant level. Check the coolant level visually in the 
•see-through• coolant recovery tank every time the 
hood is up. The level should be near =:,riate mark 
when the system is cold. At n operating 
temperatme the coolant level should increase. Coolant 
should be added only to the reservoir to raise level to 
the appropriate mark. Use a SO/SO mixture of 
high-quality ethylene glycol ant:ifn:e7.e and water when 
adding coolant. 

NOTICE: H recommended quality antifreeze is 
used, supplemental inlnbitors or additives cJairning 
to provide increased cooling capability are not 
necessary. These may be detrimental to the 
efficient operation of the system and represent an 
unnecessary operating expense. 

Every 12 months or 15,000 miles, the cooling 
system should be serviced as follows: 

1. Wash the radiator cap with clean water. 
2. Check the coolant for proper level and freeze 

. protection. 
3. Pressure test the system and radiator cap for the 

proper pressure holding capacity of 103 kPa (15 
psi). H a replacement cap is required, use the 
proper cap specified for the car model. 

4. Tighten the hose clamps to specifications and 
inspect all hoses. Replace cracked, swollen, or 
deteriorated hoses. 

S. Clean the front of the radiator and air 
conditioning condenser with compressed air. 

6. Every two yean or 48,000 kilometers (30,000 
miles), whichever comes first, the cooling system 
should be drained and refilled. Refer to 
•Draining and Refilling the Cooling System• in 
this section. 

DIAGNOSIS 
COOLING SYSTEM OVERHEATS 
Figure 3 
• H overheating occurs while in slow city traffic, 

prolonged idling in gear, etc., instruct the 
operator on driving techniques which would 
reduce the possibility of the engine overheating, 
such as: 
- Idle in "NEUTRAL" as much as possible 

and raise the engine rpm using the 
accelerator pedal. 

- Tum the air conditioning •opp• during 
extended idling. 

• Hthe above does not apply, refer to the diagnosis 
chart. 
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CONDITION 
Engine overheats. 

POSSIBLE CAUSE 
Loss of coolant. 

Loss of system pressure. 

Weak coolant solution. 

Retarded timing. 

Obstructed radiator fins. 

Cooling system passages 
blocked by rust or scale. 

Kinked coolant recovery 
reservoir hose. 

Inoperative cooling 
fan. 

Loose, damaged, and/or 
missing radiator baffles 
or deflectors. 

Thermostat stuck in the 
closed position. 

Faulty coolant pump. 

Incorrect radiator. 

Incorrect or damaged fan. 

CORRECTION 
.Refer to the next 
condition - ·eoss of 
Coolant". 

Perform the radiator cap 
pressure test. Refer to 
"Pressure Test" ill this 
section. 

Test the coolant for 
proper so -·so mixture. 
Refer to "Draining and 
Refilling the Cooling 
System" in this section. 

Refer to DRIVEABILITY AND 
EMISSIONS-GENERAL 
INFORMATION (SEC. 6E). 

Remove or relacate added-on 
parts that block air to the 
radiator. Clean away bugs, 
leaves, etc., with 
compressed air. 

Flush the cooling system 
or flow check the radiator. 
Remove the cylinder heads 
and inspect, if required. 

Re-route the coolant 
recovery reservoir hose. 

Refer to ELECTRICAL 
DIAGNOSIS (SEC. 8A). 

Repair or replace 
as required. 

Replace the thermostat. Refer 
to "On-Vehicle Service" in 
this section. 

Replace the coolant pomp. 
Refer to "On-Vehicle Service" 
in this section. 

Determine the proper 
radiator for the vehicle 
and replace the radiator 
if necessary. 

Check for the correct 
part number. Replace 
the fan if required. 



Loss of coolant. 

Faulty emission system 
components. (The.,e may 
cause overheating at 
idle): 

- PCV valve. 
- TVS or TCS. 

Engine oil overfill. 

Leaking radiator. 

Radiator cap faulty. 

Distorted radiator 
filler neck. 

Leaking coolant recovery 
reservoir or hose. 

Loose or damaged radiator 
or heater hoses or 
connections. 

Coolant pump seal leak
ing. 

Coolant pump gasket 
leaking. 

Improper cylinder head 
torque. 

Leaking 
- intake manifold. 
- cylinder head 
gasket. 
- cylinder block 
plug. 
- heater core. 
- heater water valve, 
if equipped. 
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Refer to DRIVEABILITY 
AND EMISSIONS, -
GENERAL 
INFORMATION (SEC. 6E). 

Check the engine oil level. 

Inspect the radiator. 
Repair or replace as necessary. 

Perform the radiator cap 
pressure test. Refer to 
•Pressure Test• in this 
section. 

If the neck upper seal
ing area is distorted, use 
a wood block and mallet to 
reform the neck to fit the 
radiator cap. Pressure 
test the cooling system. 
Refer to • Aluminum 
Radiator Service• in this 
section. 

Replace the reservoir or 
hose. 

Reseat the hoses. Replace 
the hoses or clamps. 

Replace the coolant pump. 

Replace the gasket. 

Re-tighten the cylinder 
head bolts to specifi
cations. Replace the 
cylinder head gasket 
if required. 

Make repairs or replace 
components as necessary 
to correct the leak. 
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Engine fails to reach 
normal operating temp
erature. (Cool air from 
the heater.) 

Thermostat stuck open or 
wrong type of thermostat. 

Install a new thermostat of 
the correct type and heat 
range. 

Coolant is below the 
"ADD" mark. 

Add coolant. 

Engine hot light is 
"ON" or a high temper
ature gage reading (no 
loss of coolant). 

Faulty engine temperature 
switch or circuit. 

Refer to ELECTRICAL DIAG
NOSIS (SEC. SA). 

THERMOSTAT TEST 
Figure 3 

IL!J 1n~pect 
Tools Required: 

J 24731-188 Tempilstick 
J 24731-206 Tempilstick 

• Thermostat opening temperature. Refer to Figure 
3. 

RADIATOR CAP 

[L!l Inspect 

• Hose connections for leaks. Tighten clamps as 
required. 

ENGINE OVERHEAT - BOILING • POOR ENGINE COOUNO 

• Radiator cap for a weak spring washer or damage 
to the gasket. If the spring washer is weak, replace 
the radiator cap. 

• For damage or debris on the relief valve gasket in 
the cap and the inner sealing surface of the filler 
neck. 

• Coolant recovery hose fitting on the radiator filler 
neck for cracks. If the fitting is loose or cracked, 
replace the radiator end tank. 

Pressure Test 

To pressure test the cooling system, refer to 
"Aluminum Radiator Service" in this section. 

1. RB.IEVE PRESSURE AND CAREFULLY REMOVE RADIATOR CAP. 
2. RUB 97"C (20ff) TEMPERATURE STICK9 ONTO 

THERMOSTAT HOUSING. 
3. WARM UP ENGINE AT FAST IDLE: 

WATCH FOR COOLANT FLOW BEFORE MARK BEGINS TO MELT. i,..- NO COOLANT FLOW -
REPLACE 

THERMOSTAT 
I 

COOLANT FLOW I 
I 

I I PROSLEM is OTHER THAN THERMOSTAT. 
CHECK SYSTEM 

I 

COLD ENGINE • SLOW WARMUP • NOT ENOUGH HEAT 
1. RELIEVE PRESSURE AND CAREFUU. Y REMOVE RADIATOR CAP. 
2. RUB arc (1Bff) TEMPERATURE STICK" ONTO 

THERMOSTAT HOUSING. 
3. WARM UP ENGINE AT FN?/r IDLE. 

WATCH FOR COOlANT FLOW BEFORE MARK BEGINS TO MELT. ..,_ COOLANT FLOW- REPLACE 
THERMOSTAT 

I 
NO COOLANT FLOW I 

I 

I PROBLEM IS OTHER THAN THERMOSTAT. I CHECK SYSTEM 

• NOTE: THI TEMPERATURE STICK IS A PENCIL LIKE DEvtCE WHICH HAS A WAX MATERIAL CONTAINING CERTAIN 
OEMICALS WHICH MELT AT A GIVEN TEMPERATURE. TEMPERATURE STICKS CAN BE USED TO DETERMINE A 
THEAMOSTAT'S OPERATING TEMPERATURE BY RUBBING 87"C (188°F} ~ 87"'C (208'f} STICKS ON THE THERMOSTAT 
HOUSING. THE MARKS MADE BY THE STICKS SHOULD MELT WHEN COOLANT TEMPERATURES OF 87"C (188'F) AHO 97'C 
(208°F) ARE REACHED, RESPECTIVELY. THESE TEMPSRATUAES ARE THE NORMAL OPERATING RANGE OF THE nERMOS'TAT. 

1t,..-•.-1-w 
Figure 3 • Thermostat Diagnosis 
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THERMOSTAT 
Rgul'N4and5 

E3 Remove or Disconnect 

1. Negative (-) battery cable. 
• Drain the radiator to below the level of the 

thermostat. 
2. Air cleaner if required. 
3. Intake duct. 
4. Throttle body. Refer to DRIVEABILITY AND 

EMISSIONS - FUEL INJECTION (TBI) (SEC. 
682) or DRIVEABILITY AND EMISSIONS -
FUEL INJECTION (PORT) (SEC. 6E3). 

5. Plenum (LBS). Refer to DRIVEABILITY AND 
EMISSIONS - FUEL INJECTION (TBI) (SEC. 
6E2). 

6. Fuel pipes and brackets (LBS). Refer to ENGINE 
FUEL (SEC. 6C). 

7. Radiator inlet hose. 
8. Thermostat housing bolts. 
9. Thermostat housing. 

10. Thermostat. 
11. Gasket. 

~ Clean 

• Gasket surfaces on the intake manifold and 
thermostat housing. 

E3 Install or Connect 
NOTICE: See •Nonce• on page 6B-1 of this 
section for steps 4 and 5. 

1. New gasket. 
2. Thermostat. 
3. Therma..tat housing. 
4. Thermostat housing bolts. 

~ Tighten 

• Bolts (LB9 and L98) to 34 N ·m (25 lb. ft.). 
• Bolts (1.03) to 28 N ·m (21 lb. ft.). 
• Bolts (LBS) to 21 N·m (15 lb. ft.). 

5. Radiator inlet hose. 

l~I Tighten 

• Hose clamp to 2 N-m (18 lb. in.). 
6. Fuel pipes and brackets (LBS) Refer to ENGINE 

FUEL (SEC. 6C). 
7. Plenum {LBS). Refer to DRIVEABll,ITY AND 

EMISSIONS- FUEL INJECTION (TBI) (SEC. 
6E2). 

8. Throttle body. Refer to DRIVBABll,ITY AND 
EMISSIONS - FUEL· INJECTION (TBI) (SEC. 
6E2) or DRIVEABILITY AND EMISSIONS -
FUEL INJECTION (PORT) (SEC. 6E3). 

9. Intake duct. 
10. Air cleaner. if required. 
11. Negative (-) battery cable. 
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• Refill the radiator. Refer to •Draining and 
Refilling the Cooling System• in this section. 

Figure 4 - Thermostat (LBS) 

< .-
llt.'!r"~I-

--r 
. "" 

r., •-_ 

K 

Figure 5 - Thermostat (LB9, L98, and L03) 

COOLING FAN 

Flgum 6, B and 7 

CAUTION: Keep hands, tools, and 
clothing away from engine cooling fan 
to help prevent personal injury. This 
fan is electric and can come on 
whether or not the engine Is running. 
The fan can start automatically in 
response to a heat sensor with the 
ignition in the "ON" position. 

E3 Remove or Disconnect 

1. Negative(-) batt~ cable. 
2. Air cleaner top, if equipped. 

3. Wire harness. 
4. Cooling fan to radiator support bolts. 
S. Cooling fan assembly. 
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E3 Install or Connect 

l. Cooling fan assembly. 

NOTICE:· See •Notice• on page 6B-1 of this 
section. 

2. Cooling fan-~radiator support bolts. 

~ Tighten 

• Bolts to 27 N ·m (20 lb. ft.). 
3. Wire harness. 
4. Air cleaner top, if equipped. 
S. Negative(·) battery cable. 

m 
1-27 N.m (20 lb.ft.) 

2-6 N.rn (53 lb.in.I aaa ■ 

Figure 8 - Cooling Fan (LBS and L03. Lb9 and L98 
wlthoutA/C) 

-....,_ 

I . ,.. . 
. ~ 

I --~_.._•-..,r, 

X -
#1:11,. 

AIR -BAFFLES 

Lower Radiator Baffle 
F',gur,8 

E3 Remove or Dilconnect 
1. Negative (-) battery cable. 
• Raise the vehicle. 
2. Screws from the impact bar. 
3. Lower radiator baffle. 

E3 Install or Connect 

t. Lower radiator baffle. 

NOTICE: See •_Notice• on page 6B-1 of this 
section. 

2. Screws to the impact bar. 

,~, Tighten 

• Screws to S N•m (44 lb. in.). 
• Lower the vehicle. 
-3. Negative(-) battery cable. 

- · 
Upper Radiator Baffle 
F',gure 9 

E3 Remove or Disconnect 
1. Negative(-) battery cable. 
• Raise the vehicle. 
2. Screws from the impact bar. 
3. Retainers from the center baffle. 
4. Retainers from the motor compartment panel. 
S. Upper radiator baffle. 

Figure 7 - Cooling Fans (LB9 and L98 with A/C) 
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5 

~ MOTOR COMPARTMENT PANEL 

[TI SCREW 

0 IMPACTBAR 

0 LOWER RADIATOR BAFFLE 

0 FRONT FASCIA 
IC.C0013-a-NIP 

Figure 8 - Lower Radiator Baffle (LB9, L03, and L98 
with A/C - LB9 MIT without A/C) 

E3 Install or Connect 
1. Upper radiator baffle. 
2. Retainers to the motor compartment panel. 
3. Retainers to the center baffle. 

NOTICE: See •Notice• on page 6B-1 of this 
section. 

4. Screws to the impact bar. 

~ Tighten 

• Screws to 5 N·m (44 lb. in.). 
• Lower the vehicle. 
5. Negative (1) battery cable. 

Side Radiator Baffles 
Figure, 10, 11, and 12 

E3 Remove or Disconnect 

1. Negative(-) battery cable. 
• Raise the vehicle. 
2. Retainers from the motor compartment panel. 
3. Side radiator baffle. 

E3 Install or Connect 

1. Side radiator baffle. 
2. Retainers to the motor compartment panel. 
• Lower the vehicle. 
3. Negative(-) battery cables. 

[u SCREW 

(!] RETAINER 

COOLING AND RADIATOR aa:,e 

[!] MOTOR COMPARTMENT PANEL 

0 RETAINER 

(I] UPPER RADIATOR BAFFLE 

0 IMPACTBAR 

Rgure 9 - Upper Radiator Baffle (LS9, L03, and L98 
with A/C - LB9 MIT without A/C) 

[u MOTOR COMPARTMENT PANEL 

0 SIDE RADIATOR BAFFLE 

0 RETAINER 

Figure 10 - Side Radiator Baffle (L03 without A/C, LBS 
similar) 

COOLANT PUMP 

Coolant Pump (LBS) 

Figure 13 

E3 Remove or Disconnect 

1. Negative(·) battery cable. 
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[!] MOTOR COMPARTMENT PANEL 

[I] SIDE RADIATOR BAFFLE 

0 RETAINER 
KCOOtt-8 

Figure 11 - Side Radiator Baffle (LBS, L03 with A/C and 
Trans Am) 

IT] MOTOR COMPARTMENT PANEL 

[I] SIDE RADIATOR BAFFLE m SIDE RADIATOR BAFFLE 

0 RETAINER 

KC001Z411-141P 

Agure 12 - Side Radiator Baffles (L98 MIT without 
A/C - LB9 with A/Tl 

• Drain the radiator. 
2. Intake duct. 
3. Drive belt. 
4. Heater hose from the coolant pump. 
5. Radiator inlet hose from the thermostat. 
6. Power steering pump bracket. Refer to POWER 

STEERING GEAR AND PUMP (SEC: 3B1). 
7. Coolant pump bolts. 
8. Coolant pump. 
9. Gasket. 

l!;S Clean 

• Gasket surface on the coolant pump sealing areas. 

E3 Install or Connect 

NOTICE: See 'Notice' on page 6B-1 of this 
section for steps 3 and-6. 

1. New gasket 
2. Coolant pump. 
• Apply sealer to bolt threads. 
3. Coolant pump bolts. 

~ tighten 

• Refer to Figure 13 for coolant pump bolt 
torques. 

4. Power steering pump bracket. Refer to POWER 
STEERING GEAR AND PUMP (SEC. 3Bl). 

5. Radiator inlet hose to the thermostat 
6. Heater hose to the coolant pump. 

l~I Tighten 
• Hose clamps to 2 N,m (18 lb. in.). 

7. Drive belt. 
8. Intake duct. 
9. Negative (-) battery cable. 
• Refill the radiator. Refer to · 'Draining and 

Refilling the Cooling System• in this section. 

21 N.m 116 LB. FT.) 

10N.m (88 LB. IN.I 

M:C001MB-F-RP 

Figure 13 - Coolant Pump Bolt Torques (LBS) 

Coolant Pump {Except LBS) 
F,gure 14 

l+-+I Remove or Disconnect 
1. Negative(-) battery cable. 
• Drain the radiator. 
2. Intake duct. 
3. Drive belt. 
4. Radiator inlet hose from the thermostat. 
S. Coolant pump pulley bolts. 
6. Coolant pump pulley. 
7. Radiator outlet hose from the coolant pump. 
8. Coolant pump bolts. 
9. Coolant pump. 



10. Gaskets. 

~ Clean 
• Gasket smfaces on· the coolant pump sealing 

areas. 

E3 lnltall or Connect 
NOTICE: See •Notice• on page 6B-1 of this 
section for steps 3, 4, 6, and 7. 

1. New gaskets. 
2. Coolant pump. 
3. · Coolant pump bolts. 

~ Tighten 

• Bolts to 41 N·m (30 lb. ft.). 
4. Radiator outlet hose to the coolant pump. 

. ~ Tightan 

• Hose clamp to 2 N-m (18 lb. in.). 
S. Coolant pump pulley. 
6. Coolant pump pulley bolts. 

l~l Tightan 
• Bolts to 31 N·m.(23 lb. ft.). 

7. Radiator inlet hose to the thermostat. 

,~, Tighten 

• Hose clamp to 2 N-m (18 lb. in.). 
8. Drive belt. 
9. Intake duct. 

10. Negative (-) battery cable. 
• Refill the· radiator. Refer to •Draining and 

Refilling the Cooling System• in this section. 

(i!] Inspect 

• For leaks, after running the engine to 
normal operating temperature. 

1. 41 N-m (30 LBS. FT,) 

J1 11-P 

Figure 14 - Coolant Pump (Except LB&) 
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COOLANT HOSES 

l++I Remove or Disconnect 
1. Negative (-) battery cable. 
• Drain the radiator so the level of the coolant is 

below the hose being removed. 
2. Radiator inlet hose from the radiator and 

thermostat housing. 
3. Radiator outlet hose from the radiator and 

coolant pump or cylinder block. 

E3 lnltall or Connect 
NOTICE: Make sure the reference marks on the 
hoses and the radiator are lined up. A twist on the 
hose would place strain on the radiator fitting 
which could cause the fitting to crack or break. 

1. Radiator outlet hose to the radiator and coolant 
pump. or cylinder block. 

NOTICE: See •Notice• on page 6B-1 of this 
section. 

2. Radiator inlet hose to the radiator and 
thermostat. 

Iii Tighten 

• Hose clamps to 2 N•m (18 lb. in.). 
3. Negative(-) battery cable. 
• Refill the radiator. Refer to •Draining and 

Refilling the Cooliug System• in this section. 

COOLANT RECOVERY RESERVOIR 

E3 Remove or Disconnect 

1. Negative(-) battery cable. 
2. Coolant recovery reservoir hose. 
3. Push-on retainer screw. 
4. Nut. 
!i. Coolant recovery reservoir. 

~ Clean 
• Coolant recovery reservoir with soap and water. 

Rinse thoroughly. 

E3 Install or Connect 
NOTICE: See •Notice• on page 6B-1 of this 
section for steps 3 and 4. 

1. Coolant recovery reservoir. 
2. . Push-on retainer screw. 
3. Nut. 

l~I Tighten 
• Nut to 8 N-m (71 lb. in.). 

4. Coolant recovery reservoir hose. 

,~, Tighten 

• Hose clamp to 1.6 N•m (14 lb. in.). 
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S. Negative (-) battery cable. 
• Add coolant to the "FULL COLD" mark on the 

coolant recovery reservoir. 

ROUTING AND TENSIONING ACCESSORY 
DRIVE BELT 

NOTICE: Routine inspection of the- belt may 
reveal cracks in the belt ribs. These cracks will not 
impair belt performance and is not a basis for belt 
replacement. If sections of the belt are missing, the 
belt should be replaced. 

Drive Belt Tension (LBS) 
Figures 15 through 17 

If belt slippage. occurs and the drive belt tensioner 
is within its o~rating range, check the belt tension. 
Tension value JS to be the average of three readings. 

Tool Required: 
. I 23600-B V-Belt Tension Gage 

1. Run the engine for 5 to 10 minutes. 
2. Shut the engine off and check the belt tension. 

• On vehicles not equipped with air 
conditioning, check the belt tension between 
the tensioner and the power steering pump 
pulley. 

• On vehicles equipped with air conditioning, 
check the belt tension between the tensioner 
and the air compressor pulley. 

3. Run the engine for 30 seconds and recheck the 
belt tension. 

4. Repeat the above step. Belt tension is the average 
of the three readings taken. 
• Belt tension should be 516-631 N (116-142 

lb.) - without air conditioning. 
• Belt tension should be 460 - 563 N ( 103 -

127 lb.) - with air ·conditioning. 
S. Replace the drive belt tensioner if belt tension is 

below the minimum specified and if the drive belt 
tensioner is within its operating range. Refer to 
"Drive Belt Tensioner" in this section. 

Drive Bait Tension (Except LBS) 
Figum 1B through 20 

If belt slippage occurs and the drive belt tensioner 
is within its operating range, check the belt tension. 
Tension value is to be the average of the three readings. 

Tool Required: 
J 23600-B V-Belt Tension Gage 

1. Run the engine for S to 10 minutes. 
2. Shut the engine off and check the belt tension 

between any two pulleys. 
3. Run the engine for 30 seconds and recheck the 

belt tension. 
4. Repeat the above step. Belt tension is the average 

of the three readings taken. 
• Belt tension should be 440-538N (99 - 121 

lb.) 
S. Replace the drive belt tensioner if belt tension is 

below the minimum specjfied and if the drive belt 
tensioner is within its operatin_g range. Refer to 
"Drive Belt Tensioner• in this section. 

NOMINAL 

MIN. BELT 

MINIMUM 

VIEWA 

INSTAUBELT 

THE INDICATOR MARK ON THE MOVEABLE P.ORTION OF 
THE TENSIONER MUST BE WITHIN THE LIMITS OF THE 
SLOTTED AREA ON THE STATIONARY PORTION OF THE 
TENSIONER. ANY READING OUTSIDE THESE LIMITS INDI• 
CATES EITHER A DEFECTIVE BELT OR TENSIONER. 

Figure 15 - Drive Belt Tensioner (LB81 

Drive Belt 
Figu11 16 through 20 

IL•l ln•pect 
• · Belt length scale on the drive belt tensioner for 

the. proper installed length. H the belt length scale 
does not indicate the proper installed length, 
install a new belt. 

El Remove or Disconnect 

1. Negative(-) battery cable. 
• Lift the drive belt tensioner upward off the 

drive belt. 
• Use .a breaker bar with socket (LBS). 
• Use a breaker bar (except LBS). 

2. Drive belt 

~ Clean 
• Accessory drive pulley belt surfaces. a Install or Connect 

1. Drive belt under the tensioner pulley by lifting 
the drive belt tensioner. 
• Use a breaker bar with socket (LBS). 
• Use a breaker bar (except LBS). rn Important 

• Be sure the belt is aligned into the proper 
grooves of the accessory drive pulleys. 

2. Negative (-) battery cable. 
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1. GENERATOR 
2. TENSIONER 
3. BELT 
4. PIS PUMP 

5. WATER PUMP 
8. CRANKSHAFT 
7. A.IA PUMP 
8. AIC COMPRESSOR 

Figure 18 - Drive Belt and Pulleys (LBS - Manual Transmission) 

W/O AIC 

1. GENERATOR 
2. TENSIONER 
3. BELT 
4. PIS PUMP 

6. WATER PUMP 
8. CRANKSHAFT 
7. BELT IDLER 
8. A/C COMPRESSOR 

Agure 17 - Drive Belt and Pulleys (LBS - Automatic Transmission) 

AIC 
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1. TENSIONER ASSEMBLY 
2. ROTATE TENSIONER IN DIRECTION 

SHOWN TO INSTALL OR REMOVE BELT 
3. GENERATOR ASSEMBLY 
4. ACCESSORY DRIVE BELT 
6. PIS PUMP 
8. WATER PUMP 
7. CRANKSHAFT 
8. A.LR. PUMP 
9. A/C COMPRESSOR OR 

BELT IDLER J1 

Figure 18 - Drive Belt and Putley (Except LBS) 

0 BELT LENGTH SCALE 
I( p 

Figure 19 - Drive Belt Tensioner (Except LBS) 

Drive Belt Tensioner (LBS) 

Figuf& 16 

l++I Remove or Disconnect 
1. Negative (-) battery cable. 

2. Drive belt. Refer to '"Drive Belt" in this section. 

ffl 0 FIXED BELT LENGTH INDICATOR 

0 NEW BELT RANGE 

@] USED BELT ACCEPT ABLE WEAR RANGE 

ml REPLACE BELT POSITION 
~ K 7-811-1'-RP 

Figure 20 - Drive Belt Length Scale (Except LB8) 

3. Bolts attaching the drive belt tensioner to the 
generator bracket and brace. 

4. Bolt attaching the brace to the cylinder block. 
S. Drive belt tensioner. 

E3 Install or Connect 

NOTICE: See "Notice" on page 6B-1 of this 
section for steps 2 and 3. 

1. Drive belt tensioner. 
2. Bolt attaching the brace to the cylinder block. 

f~I Tighten 
• Bolt to 25 N ·m (18 lb. ft.). 

3. Bolts attaching the drive belt tensioner to the 
generator braoket and brace. 

,~, Tighten 

• Bolts to 35 N ·m (26 lb. ft.). 
4. Drive belt Refer to "Drive Belt'" in this section. 
5. Negative(-) battery cable. 

Drive Belt Tensioner (Except LBS) 

Figures 18 and 19 

f ++I Remove or Disconnect 
1. Negative(-) battery cable. 
2. Drive belt. Refer to "Drive Belt• in this section. 
3. Drive belt tensioner attaching bolt. 
4. Drive belt tensioner. 



E3 Install or Connect 
1. Drive belt tensioner. 

NOTICE:. See "Notice" on page 6B-1 of this 
section. 

2. Drive belt tensioner attaching bolt. 

ml Tighten 

• Bolt to 50 N·m (37 lb. ft.). 
3. Drive belt. Refer to "Drive Belt" in this section. 
4. Negative(·) battery cable. 

Drive Belt_ Idler (LBS) 
Figures 17 and 21 a Remove or Disconnect 

1. Negative (-) battery cable. 
2. Drive belt. Refer to • Drive Belt" in this section. 
3. Idler pulley bolt. 
4. Idler pulley. 
5. Idler bracket nuts from the cylinder block. 
6. Idler bracket. 
7. Idler brace nut from the exhaust manifold. 
8. Idler brace. 

E3 Install or Connect 

1. Idler brace. 
2. Idler brace nut, hand-tight. 
3. Idler bracket. 
4. Idler bracket nuts, hand-tight. 
5. Idler pulley. 

NOTICE: See "Notice" on page 6B-1 of this 
section. 

6. Idler pulley bolt. hand-tight. 

,~, Tighten 

, Idler brace nut to 45 N·m (33 lb. ft.). 
• Idler bracket nuts to 45 N·m (33 lb. ft.). 
• Idler pulley bolt to 83 N·m (61 lb. ft.). 

7. Drive belt. Refer to 'Drive Belt" in this section. 
8. Negative(·) battery cable. 

Air Compressor Idler Pulley (Except LBS) 
Figum 18 and 22 a Remove or Diaconnect 

1. Drive belt. Refer to "Drive Belt" in this section. 
2. Idler pulley bolts. 
3. Air compres.,or idler pulley. 

E3 Install or Connect 
1. Air compressor idler pulley. 

NOTICE: See "Notice" on page 6B-1 of this 
section. 
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(TI NUT 

0 IDLER PULLEY 

[!] BRACKET 

0 BRACE 

0 NUT 

I[ 

Figure 21 - Drive Belt Idler (LBS A/Tl 

2. Idler pulley bolts. 

,~, Tighten 

• Short bolt to 50 N ·m (37 lb. ft.). 
• Long bolts to 83 N·m (61 lb. ft.). 

3. Drive belt Refer to •Drive Belt• in this section. 

EJ SHORTBOLT 

I!] LONGBOLT 

0 AIR COMPRESSOR IDLER 'PULLEY 

Figure 22 - Air Compressor Idler Pulley (Except LBS) 
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DRAINING AND REFILLING THE COOLING 
SYSTEM 

CAUTION: To avoid the danger of 
being burned, do not remove the 
radiator cap while the engine and 
radiator are stlll hot. Scalding fluid 
and steam will be blown out under 
pressure. 

1. Remove the radiator cap. 
• Turn the cap slowly counterclockwise until 

it reaches the •stop.• Do not press down 
while turning the cap. 

• Wait until any remaining pressure 
(indicated by a hissing sound) is relieved. 

• After all hissing ceases, press down on the 
cap and continue to rotate the cap 
counterclockwise. 

2. Open the radiator drain cock. 
3. Remove the cylinder block drain plugs. One plug 

is located on each side of the cylinder block. 
Remove the cooling sensor if the LH plug cannot 
be reached. 

4. Remove the coolant recovery reservoir. Refer to 
• Coolant Recovery Reservoir' in this section. 

S. Close the radiator drain cock. 

NOTICE: See "Notice' on page 6B-1 of this 
section. 

6. Install the cylinder block drain plugs. 

l~I Tighten 
• Drain plugs to 21 N·m (15 lb. ft.). 
• Drain cock to 12 N ·m (106 lb. in.). 

7. Add enough water to fill the cooling system. 
8. Run the engine until the thermostat opens. 
9. Stop the engine. Repeat steps 1 through 8, until 

the drained fluid is nearly colorless. 

NOTICE: Use Ethylene Glycol coolant, meeting 
OM specification 1825-M, to provide the required 
freezing and corrosion protection - at least 50 
percent solution, -3TC (-34"F). 

10. Add enough water-and ethylene glycol antifreeze 
(meeting GM specification 1825-M) to provide a 
solution that is at least 50 percent antifreeze, but 
no more than 70 percent antifreeze. 
• F"tll the radiator to below the filler neck. 
• Fill the coolant recovery reservoir to the 

'COLD FILL" mark. 
• Install the coolant recovery reservoir cap. 

11. Run the engine with the radiator cap removed 
until normal operating temperature is reached 
(radiator inlet hose becomes hot). 

12. With the engine idling, add coolant to the 
radiator until the level reaches the bottom of the 
filler neck. 

CAUTION: Under some conditions. 
ethylene glycol in engine coolant is 
flammable. To avoid being burned 

when adding coolant. do not spill.it on 
the exhaust system or on hot engine 
parts . . 

13. Install the radiator cap. 
• The arrows on the ciap must line up with the 

coolant recovery reservoir hose. · 

[I] Important 

• It is the owner's responsibility to: 
- keep the freeze protection _at a level 

appropriate to the temperatures which may 
occur in the area the vehicle· may be 
operating. 

- maintain cooling system freeze protection at 
-3TC (-34"F) to ~e protection against 
corrosion. 

NOTICE: Alcohol or methanol base coolants or 
plain water are not recommended at any time. 

NOTICE: A solution stronger than 70 percent 
should never be used. The solution's freeze point 
rises after this point. Pure antifreeze will freeze at 
-20"C (-8"F). 

RADIATOR 
Figure23 

l++I Remove or Diaconnect 

1. Negative (-) battery cable. 
• Drain the radiator. 
2. Radiator inlet hose. 
3. Air cleaner top, if equipped. · 
4. Intake duct. 
S. MAF sensor. 
6. Coolant recovery hose. 
7. Connector. 
8. Heater hose, if equipped. 
9. Transmission oil cooler pipes, if equipped. 

10. Radiator outlet hose. 
11. Upper radiator mount screws. 
12. Upper radiator mount. 
13. Radiator. 

a Install or Connect 

NOTICE: See .. Notice" on page 6B-1 of this 
section for steps 3 through 6, 8 and 12. 

1. Radiator. 
• Make sure the radiator is seated on the 

insulators. 

2. Upper radiator mount. 

3. Upper radiator mount screws. 

,~, Tighten 

• Screws to 6 N·m (S3 lb. in.). 



4. Radiator outlet hose. 

~ Tighten 

• Hose clamps to 2 N-m (18 lb. in.). 
5. Transrnissfon oil cooler pipes, of equipped. 

~ Tighten 

• Pipe connections to 20 N ·m (15 lb. ft.). 
6. Heater hose, if equipped. 

~ Tighten 

• Hose clamp to 2 N•m (18 lb. in.). 
7. Connector. 
8. Coolant recovery hose. 

,~, Tighten 

• Hose clamp to 1.6 N·m (14 lb. in.). 
9. MAF sensor. · 

10. Intake duct. 
11. Air cleaner top, if equipped. 
12. Radiator inlet hose. 

~ Tighten 

• Hose clamp to 2 N•m (18 lb. in.). 
13. Negative(-) battery cab1e. 
• Refill the radiator. Refer to •Draining and 

Refilling the Cooling System" in this section. 

[L!] Inspect 

• For leaks, after running the engine until 
normal operating temperature is reached. 

ALUMINUM RADIATOR SERVICE 
Figurn 24 and 25 

This radiator uses an aluminum core with plastic 
side tanks. The core and side tanks can be replaced 
separately. Core repair is easily made with the hot melt 
adhesive method. A transmisson oil cooler may be 
located in one of the side tanks. The drain cock is 
located on the lower part of one of the tanks. 

The following components are serviceable: 
- Radiator core. . 
- Tanks and gaskets (Tanks cannot be 

repaired if broken or cracked). 
- Oil cooler and gaskets. 
- Drain cock and gasket. 

PRECAUTIONS 
CAUTION: Failing to follow any one of 
these procedures could result in 
personal injury or component damage. 

• Do not remove the radiator cap while the ~gine 
is at normal operating temperature. The cooling 
system will release scalding fluid and steam under 
pressure if the cap is removed while the engine 
and radiator are still hot. 

• Do not use boil-out tanks or any tank that has 
been used for copper and brass radiators. 
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• Do not open the hood if steam or coolant can be 
seen escaping from the engine compartment. 

• Do not remove the cap. on the coolant recovery 
reservoir if the coolant in the reservoir looks like 
it is boiling. 

• Do not allow dirt or water to enter the 
transmission oil cooler. 

LEAKS 
Some core leaks can be detected by a4din,g water 

to the radiator. Clean the core so the damaged area is 
easier to find. 
• Remove dirt and insects from the fins with a 

water hose (without a nozzle), or with 
compressed air. Excessive water pressure could 
damage the fins. 

• Scrub the core with a soft-bristle brush using 
clean hot water or hot water with a mild 
detergent solution. 

On-Vehicle Pressure Testing 
Figure 26 

Tool Required: 
J 24460-01 Cooling System Tester 

1. Tighten the radiator hose clamps and heater hose 
clamps to specification. Refer to "Specifications• 
in this section. . 

2. Inspect the connectjons for leaks. Repair as 
required. 

CAUTION: To avoid being burned, do 
not remove the radiator cap while the 
engine is at normal operating 
temperature. The cooling system will 
relieve scalding fluid and steam under 
pressure if the cap Is removed while 
the engine and radiator are still hot. 

3. Remove the radiator cap. 
4. Fill the cooling system to the base of the fill neck. 
5. Attach J 24460-01 to the fill neck. 

• Follow the instructions supplied with J 
24460-01. 

6. Build up pressure to no more than 138 kPa (20 
psi). 

7. The system should hold the pressure for about 
two minutes. 
• If a measurable amount of pressure drops in 

1~ than two minutes, check for a leak. 
• Mark the leaking area and remove the 

radiator for repair. Refer to "Radiator" in 
this section. 

Off-Vehicle Leak Tasting 
NOTICE: Do not use boil-out tanks or any tank 
that has been used for copper and brass radiators. 
The remaining solutions or chemicals in these 
tanks could cause radiator failure: 

Figures 27 and 28 
Tool Required: 

J 24460-01 Cooling System Tester 
1. Attach J 24460--01 to the radiator. 
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Figure 23 - Radiator Insulators and Mounting 

2. Build up pressure to 138 kPa (20 psi). 

• Do not exceed 138 k:Pa (20 psi). 

3. Observe the gage for any pressure loss. 

4. Run water over the repair area and look for any 
bubbles. 

NOTE: If a large water tank is available, the 
radiator can be submerged to check for air 
bubbles. . 

Repairable Leaks 

Core leaks and gasket leaks are the two types of 
leaks that can be repaired on the radiator. Core leaks 
can occur in a tube or in the joints between the tubes 
and headers. Gasket leaks can occur in the joints 
between the plastic tanks and the headers, or in the 
joints between the oil cooler fittings and the tank. Some 
leaks can be repaired while the radiator is on the 
vehicle; however, it is more practical to remove the 
radiator from the vehicle. 

Repair Methods 

Figures 29 through 33 

· The hot melt adhesive is the most effective 
method of repairing the radiator core. The hot melt 
adhesive kit contains adhesive sticks, cotton swabs, 
wire brush, and~. The adhesive kit is reusable, 
bas an idefinitc life, and is waste-free. The sticks 
must be stored in a sealed container to keep them dry. 

Cooling Fin Removal 

For damaged areas that are between the C9()ling 
fins, it may-be necessary to remove some of the fins. Do 
not remove more fins than necessary. Usually removal 
of fins 6 mm (1/4 inch) beyond the leak or damage 
area is enough to make an accurate repair. 

Tube Blocking 

If a tube is severely damaged, it can be blocked 
off. 
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1. CORE 
2. OUTLETTANK 
3. INLETTANK 
4. SIDE TANK GASKET 
5. TRANSMISSION OIL COOLER (LOCATION VARIES WITH SERIESI 
8. COOLER GASKET 
7, COOLER RETAINING NUT 
8. DRAIN COCK (LOCATION VARIES WITH SERIESI 
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Agure 24 - Aluminum Radiator 
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Figure 26 - Aluminum Radiator Drain Cock 

Figure 26 - Pressure Testing the Radiator 
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Figure 27 - Aluminum Radiator and OIi Cooler Plugs 
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Figure 28 - Possible Leak Areas 

Figure 29 - Hot Melt Adhesive Repair Kit 
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Figure 30 - Fins Removed from Damaged Area 

NOTICE: Do not block off more than two tubes 
in a radiator. Blocking off more than two tubes will 
reduce the cooling capability of the system. 

The tube should be cut off 6 mm (1/4-inch) from 
the header and pinched shut before it is cleaned and 
sealed. 

CUT · 
TUBE , 

I 

t-· t 8 ,_.,_g 
Figure 31 - Tube Blocking 

Header Repair 
NOTICE: To prevent damage to the tank or 
gasket, one of the following procedures has to be 
used when repairs are made on or near the header. 

If the header or the tube near. the header requires 
a repair, the side tank does not have to be removed A 
damp cloth can be placed against the side tank where. 
the repair has to be made. The side tank can also be 
submerged in a tank of water up to the header. 

H2000IMIB 

Figure 32 - Using a Wet Cloth on the Side Tank 

General Core Repair 
Figures 34 through 37 

If the leak area surface is not clean, the repair 
materials will not stick to the surface. · 

1. Position the core so the repair area is accessible. 
2. Apply a wet cloth if working near the plastic 

tanks or the joints between the core tubes and 
header, or submerge the tank in water. 
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Figure 33 - Submerging the Side Tank 

3. Heat the repair area slightly with a smaJI torch or 
heat gun to be sure it is dry. 
• Do not use a blow torch. 

4. Brush the area to be repaired with the small steel 
brush that is supplied in the kit and remove dust 
away from repair area. 

.. 

/. ' ·'- · . ;~ H20010-8B 

Figure 34 - Cleaning the Area with a Steel Brush 

CAUTION: To . help avoid personal 
injury when using the primer (which 
contains trichlorethane), the 
following precautions and steps 
should be followed. 

• If primer is swallowed, seek medical 
attention. 

• If primer contacts the eyes, do not 
rub the eyes. Splash the affected 
area with large quantities of cold 
water and seek medical attention. 

• If primer contacts the body, wash 
thoroughly with soap and water. 

• Use primer with adequate 
ventilation. 

• Do not mix the primer with water. 
5. Open the tube of primer, using the spurred cap or 

a pin, and apply primer to the repair area only. 
Use of the primer produces a stronger repair. 
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6. Scrub the repair area with a cotton swab until a 
fresh swab stays clean. 
• The clear, yellow-brown coating does not 

have to be removed. 

H20011 -6B 

Figure 35 - Scrubbing the Area with Primer 

7. Heat the repair area with the heat gun or by moving 
the small torch in a circular pattern using a soft, 
blue flame . 

Figure 36 - Heating the Repair Area 

8. Withdraw the small torch or heat gun and rub the 
adhesive stick on the repair area. The adhesive will 
flow at a temperature of approximately 260°C 
(500°F), 

• If the stick doesn't start to melt, remove it 
and reapply the beat. Do not heat the stick 
directly with a flame. High heat will burn 
and char the adhesive. 

9. Continue heating until the adhesive flows and 
wets the entire repair area and fills the joint. If a 
hole is in the center of a tube, heat the tube and 
let the hot surface melt and pull in the adhesive. 
The force of the flame or heat gun will aJso tend to 
guide the adhesive toward the hole. For leaks 
between a tube and header, flow the adhesive 
completely around the tube and header joint with 
the tank installed . 
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H20013-68 

Figure 37 - Applying Hot Melt Adhesive 

10. Heat the repair area until the adhesive is 
bubbl~free, smooth, and has a light yello'l'I color. 
Curing is not required. 

1 1. Test the radiator for leaks, when cool Refer to 
.. Off-Vehicle Leak Testing" in this section. If the 
repair area still leaks, heat it gently to dry it. Heat 
and flow the adhesive, or apply more as necessary 
to repair the leak. 

Tank Gasket Leak Repair 
Figures 38 through 41 

Tank gasket leaks can easJly be mistaken for tank 
or header leaks. If a plastic tank leaks from the header 
joint gasket, tighten the clinch tabs with J 33419-A or 
locking-type pliers. 

• If still leaking, remove the tank and repair. 

Figure 38 - Tigh1ening the Clinch Tabs 

Tool Required: 
J 33419-A Radiator Core Remover/ 
Installer 

1. Pry open the clinch tabs, except those under inlet, 
outlet, and filler necks, using J 33419-A or a 
screwdriver. 
• Lift the tabs only enough to allow removal. 

NOTICE: Do not overbend the tabs. Overbending 
the tabs could result in breaking the tab. If more 

than three (3) tabs are broken on one side of the 
header, or more t,han two (2) adjacent tabs are 
broken, the core must be replaced · 

SLIPTOOL 
UNDER TAB 

AND PUSH BACK 

H20015-88 

Figure 39 - Opening the Clinch Tabs 

2. Lift the tank and slide it out from under the 
remaining clinched tab. 

• Tapping the tank with your hand may be 
required to dislodge the gasket. 

3. Lift the remaining tab(s) with pliers. 

4. Remove and discard the gasket. 

~ Clean 

• Header and gasket groove of dirt and old 
rubber. 

• Sealing edge of the plastic tank. 

IL•l 1nspect 
• Header gasket surface and tank flange for 

evidence of leaks. 
• Surfaces and remove dirt, burrs, and bumps. 

5. Remove the oil cooler, if equipped, and install it 
into the new tank. · 

6. J;)ip or coat the new gasket in engine coolant and 
position it on the header surface. 

• The coolant helps hold the gasket in place. 

7. Position the tank and gasket to the header. Clamp 
it in place and secure it by bending · four clinch 
tabs. 

8. Clamp remaining clinch tabs around the header 
using J 33419-A or pliers. 

• Start at the center and work towards the 
ends. 

9. Replace the core if there are more than three tabs 
broken on one side or if two adjacent tabs are 
broken. 

10. Install the drain cock, if removed. 
11. Test the radiator for leaks. Refer to •Off-Vehicle 

Leak Testing" in this section. 
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Figure 40 - Seating the Tank to the Core 

Figure 41 - Clinc:hing Sequ!9nc:e 

TRANSMISSION OIL COOLER GASKET 
Flgure42 

The outlet tank must be removed to replace the 
oil cooler, but the oil gasket can be replaced without 
removing the tank. 

1. Remove the radiator. Refer to 'Radiator• in this 
section. 
• Lay the radiator on a flat surface. 

2. Remove the bottom oil cooler pipe and loosen the 
top pipe connection. 

3. Press the oil cooler into the hole and remove the 
gasket using a small hook. 

4. Blow-dry all surfaces on the tank and oil cooler. 
S. Install new gasket, without lubrication. 

• Be sure the gasket is properly seated inside 
the lip of the fitting. 

6. Reach into the inlet or outlet opening and push 
the oil cooler into position against the tank. 

NOTICE: See "Notice" on page 6B-1 of this 
section. 
7. Install the oil cooler pipe loosely. 

• To replace the other gasket, follow the 
previous steps in order. 

l~I Tighten 
• Oil cooler pipe connections to 20 N ·m (15 

lb. ft.). 
• Do not overtighten. 
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H2001 ■ 

Figure 42 - Removing the Transmission 011 Cooler 
Gasket 

8. Leak test the radiator. Refer to • Off-Vehicle Leak 
Testing' in this section. 

9. Install the radiator. Refer to 'Radiator• in this 
section. 

TRANSMISSION OIL COOLER 
Rgure24 

E) Remove or Disconnect 

1. Transmis.,ion oil cooler pipes. 
2. Outlet taJik. 
3. Pipe gaskets. 
4. Transmission oil cooler. 

~ Clean 

• Sealing surfaces. a lnstaH or Connect 

1. New pipe gaskets, without lubrication. 
2. Transmission oil cooler into the outlet tank. 
3. Outlet tank. 

• Be careful not to loosen or misalign the 
gaskets. 

NOTICE: See ' Notice" on page 6B-l of this 
section. 

4. Transmission oil cooler pipes. 

,~, Tighten 

• Pipe connections to 20 N·m (15 lb. ft.). 
5. Leak test the radiator. 

RECORE 
If the radiator core is damaged beyond repair and 

the other parts are serviceable, ~tall the original inl~t 
and outlet tanks, oil cooler, radiator cap, and drain 
valve onto a new core and install new gaskets. 
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DRAIN COCK 
F,gure25 

If the drain cock does not seal when tightened 
snugly, remove the drain coc"1 clean the drain _and 
replace the drain cock. If the body of the drain cock is 
broken, remove the body_from the tank by squeezing 
the sides together with needle nose pliers. 

SPECIFICATIONS 

FASTENER TORQUE SPECIFI.CATIONS 

Thermostat Ho'D;Sing Bolts (LB9 and L98) ...................................................... 34 N • m (25 lb. ft.) 
Thermostat Housing Bolts. (I,03) ...................................................................... 28 N·m (21 lb. ft.) 
Thermostat Housing Bolts (LBS) ..................................................................... 21 N·m (15 lb. ft.) 
Cooling Fan to Radiator Support Bolts ........................................................... 27 N·m (20 lb. ft.) 
Lower Radiator Batlle to the Impact Bar Screws ............................................. 5 N ~ m ( 44 lb. in.) 
Upper Radiator Baffle Screws ................ ~ ........................................................... 5 N·m (44 lb. in.) 
Coolant Pump Bolts (LBS) Refer to Figure 13 .................................................. 10 N•m (88 lb. in.) 

21 N•m (15 lb. ft.) 
34 N•m (2.5 lb. ft.) 

Coolant Pump Bolts (Except LBS) ................................................................... 41 N ·m (30 lb. ft.) 
Coolant Pump Pulley Bolts ............................................................................... 31 N·m (23 lb. ft.) 
Radiator Hose Clamps ........................................................................................ 2 N•m (18 lb. in.) 
Heater Hose Clamps ........................................................................................... 2 N-m (18 lb. in.) 
Coolant Recovery Reservoir Hose Clamp ...................................................... 1.6 N·m (14 lb. in.) 
Coolant Recovery Reservoir Screws .................................................................. 6 N ·m (53 lb. in.) 
Coolant Recovery Reservoir Nut ........................................................................ 8 N•m (71 lb. in.) 
Drive Belt Tensioner Brace to Cylinder Block Bolt (LBS) ............................. 25 N·m (18 lb. ft.) 
Drive Belt Tensioner to Generator Bracket Bolts (LBS) ................................. 35 N·m (26 lb. ft.) 
Drive Belt Tensioner Bolt (Except LBS) .......................................................... 50 N·m (37 lb. ft.) 
Idler Brace Nut (LBS) ...................................................................................... 45 N•m (33 lb. ft.) 
Idler Bracket Nuts (LBS) .................................................................................. 45 N ·m (33 lb. ft.) 
Idler Pulley Bolt(LBS) ................................... ,.................................................. 83 N ·m (61 lb. ft.) 
Air Compressor Idler Pulley (Except LBS) · 

Short Bolt ....................................................................................................... SON ·m (37 lb. ft.) 
~g Bolts ........ :····--·· .. ····--............................................................................ 83 N •m (61 lb. ft.l 

Cylinder Block Drain Plugs .............................................................................. 21 N ·m (15 lb. ft. 
Drain Cock ..................................................................................................... 12 N •m (106 lb. in. · 
Upper Radiator Mount Screws .......................................................................... 6 N ·m (53 lb. in. 
Transmimon Oil Cooler Pipe to Radiator ....................................................... 20 N·m (15 lb. 6.) 
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All new General Motors vehicles are certified by the United States Environmental 
Protection Agency as conforming to the requirements of the regulations for the 
control of air pollution from new motor vehicles. This certification is contingent 
on certain adjustments being set to factory standards. In most cases. these 
adjustment points either have been permanently sealed and/or made inaccessible 
to preveot indiscriminate or routine adjustment in the field. For this reason. the 
factory procedure for temporarily removing plugs, caps. etc •• for purposes of 
servicing. the product must be strictly followed, and wherever practicable, 
retumed to the original intent of the design. 

GENERAL DESCRIPTION 

When working on the fuel system, there are 
several things to keep in mind. 
• Any time the fuel system is being worked on. 

disconnect the negative battery cable (except for 
those tests where battery voltage is required.) 

• Always keep a dry chemical (Class 8) fire 
extinguisher near the work area. 

• Al ways use a backup wrench when loosening or 
tightening a threaded coupling. 

• Torque on threaded couplings is 30 N ·m (22 lb. 
ft.). 

• Pipe connections on all fuel injection systems 
require the use or an 0-ring. 

• Replace all pipe with the same pipe and fittings 
that were removed. Clean and inspect 0-rings. 
Replace where required. 

• All fuel pipe must meet the GM Specification 
124-M or its equiV81ent. 

• Standard flared pipe is used on all engines in the 
BSeries. 

• All fuel hose must meet the OM Specification 
6163-M or its equivalent. 

• Do not replace fuel pipe with fuel hose. 
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• On fuel injection syst.ems, always relieve the line 
pressure before servicing any fuel system 
components. · 

• Do not do any repairs on the fuel system until you 
have read the copy and checked the illustrations 
relating to that repair. 

• Adhere to all Notices and Cautions. 
Unleaded gasoline must be used with all gasoline 

engines for proper emission control system operation. 
Using unleaded gasoline will also decrease spark plug 
fouling and extend engine oil life. Leaded gasoline 
can damage the emission control system, and its use 
can result in loss of emission warranty coverage. 

All cars with gasoline engines are equipped with 
an Evaporative Emission System that minimizes the 
escape of fuel vapors to the atmosphere. Information 
on this system is found in Section "6E2" or .. 6E3". 

FUEL SYSTEM 

The basic fuel supply system in automotive 
vehicles consists of the fuel tank for receiving and 
storing fuel, the fuel pump for moving the fuel from 
the tank t;o the engine, the fuel line for carrying fuel to 
the engine, and the engine fuel delivery system. Fuel 
Metering is accomplished by Port or Throttle Body 
Injection. 

Throttle Body Injection (TBI) 

See Section "6E2n for TB[ information. Fuel 
system diagnosis is in Section "6E2n, CHART A-7. 

Port Fuel Injection (PFI) 

See Section "6E3" for PFI information. Fuel 
system diagnosis is in Section "6E3", CHART A-7. 

FUEL FILTERS 

Fuel filters fall into ·two categories: in-line filters 
and in-tank fuel strainers. See Figure 6. 

In-Line Filters 

The in-line filter is located i.rii the fuel feed line, 
attached to the left frame rail, at the rear of the 
vehicle. See Figure 5. 

In-Tank Fuel Strainers 

A woven plastic strainer is attached t.o the lower 
end of the fuel pick-up pipe in the .fuel tank. The two 
main functions of the in-tank strainer are to filter 
contaminants and to wick fuel. The strainer fabric 
repels air and vapor, and its wicking action allows fuel 
to be picked up in the tank in areas other than at the 
pump inlet. 

FUEL TANK 

The fuel tank is located under the rear of the 
vehicle. A vertical baffle is installed in the tank t.o 
support the filler tube and to serve as a slosh baffle. 
The tank is held in place by two metal straps that are 
attached to the underbody. Isolation pads are used on 
top of the tank to reduce rattles and other annoying 
noises. 

Fuel Tank Filler Neck 

To prevent refueling with leaded gasoline, the fuel 
filler neck on gasoline engine cars has a built-in 
restrictor and deflector. 

---m 
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Figure 1 - Fuel Filler Cap 

Fuel Filler Cap (Figure 1) 

The fuel tank filler neck is equipped with a screw
type cap. The threaded part of the cap requires 
several turns counter clockwise to remove. A built-in 
torque-limiting device prevents over tightening. To 
install. tum the cap clockwise until a clicking noise is 
heard. This signals that the correct torque has been 
reached and the cap is fully seated. 

NOTICE: If a fuel filler cap requires replacement, 
use only a cap with the same features. 
Failure to use the correct cap can result in 
a serious malfunction of the system. 

FUEL PUMP 

Fuel Tank Insulators (Figure 7) 

Insulator pads are used on top of the tank to reduce 
rattles and other annoying noises. 

In-Tank Electric Fuel Pump 

The electric fuel pump used on gasoline engines is 
attached to the fuel level sending unit in the fuel tank. 
See Figure 9. 

The TBI engine uses a low pressure fuel pumEJ that. 
ranges from 4-13 psi. The fuel pump used on all PFI 
engines are higher pressure pumps. 



Fuel Pump Relay (Figures 2-4) 

Electric fuel pump operation is controlled by a fuel 
pump relay . 

. When the ignition switch is turned to "RUN" 
position, the fuel pump relay activates the elec;tric fuel 
pump for 1.5 to 2.0 seconds to prime the injector. If the 
ECM does not receive reference pulses after this time, 
the ECM signals the relay to turn "OFF" the fuel 
pump. The relay will once again activate the fuel 
pump when the ECM receives reference pulses. See 
Section "6E2 & 6E3", 'Tuel Metering System" and the 
electrical section of the manual for further.description 
and operation of the fuel pump relay. 

FUEL LEVEL SENDER UNIT 

The fuel level sender unit is located inside the fuel 
tank. It is attached to the top of the fuel tank with a 
cam lock ring. An 0-ring gasket is used between the 
tank and sending unit. 

The fuel level sender unit consists of the following 
major components: an electric fuel pump, fuel 
strainer, fuel level sensor, fuel tube.return tube, 
canister vent tube (see Sectisn "6E"), pressure control 
valve, wiring above and below cover, and necessary 
brackets. 

Fuel is pumped to the engine at a specified flow 
and pressure via the Cuel pump in the engine 
compartment. or by the in-tank Cuel pump which is 
mounted to the sender assembly. Excess fuel is 
returned to the fuel tank via the return line. The in
tank fuel pump delivers a constant flow of gasoline to 
the engine even during low fuel conditions and 
aggressive vehicle maneuvers, as long as the strainer 
is partially covered with fuel. 

The fuel level sensor consists of a float, wire float 
arm and a sensor. Fuel is sensed by the position of the 
float arm, and a signal is sent to the gage or electronic 
display in the vehicle instrument cluster. 

All electrical connections to the chassis electrical 
system are made to a wiring harness on top of the fuel 
level sender cover. (See Section "BA".) 

A woven plastic fuel strainer is located on the 
lower end of the fuel pick-up pipe. 

FUEL AND VAPOR PIPES 

The fuel feed and return pipes extend from the fuel 
level sending unit to the engine compartment. The 
pipes are secured to the underbody with clip and screw 
assemblies. Both Cuel feed and return pipes must be 
properly routed and retained, and should be inspected 
for leaks, kinks, or dents. If evidence of dirt is found 
during disassembly, the pipe should be disconnected 
and blown out. Check the fuel strainer on the fuel 
level sending unit for damage or sediment. 
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Figure 2 - Fuel Pump Relay L89- L98 
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Figure 3 - Fuel Pump Relay L03 
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Figure 4 - Fuel Purrip Relay LBS 
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The vapor pipe extends from the fuel level sender 
to the canister. It does not follow the same route as 
the fuel feed pipe. . . . 

If replacement of a fuel feed pipe or vapor pipe is 
required, use brazed seamless st.eel tubing meeting 
GM Specification 124M, or equivalent. 

Under no circumstances should copper or 
aluminum tubing be used to replace steel tubing. 
Those materials will not withstand normal vehicle 
vibrations and corrosion. 

Fuel Pipes and Hoses 

Because the fuel pipes in a fuel injection system 
are under high pressure, they require special 
consideration for service. See "On-Vehicle Service." 

l 

ACCELERATOR CONTROLS 

The accelerator control system is cable type. 
There are no linkage adjustments. Therefore, the 
specific cable for each application must be used. Only 
the specific replacement part will work. 

When work has been performed on accelerator 
controls, always make sure IJ!iat all components are 
installed correctly and that linkage and cables are not 
rubbing or binding in any manner. The throttle 
should operate freely without bind between full closed 
and wide open throttle. 

ON-VEH_ICLE SERVICE 

FUEL SYSTEM INSPECTION 

The fuel tank, cap and lines should be inspected 
for road damage that could cause leakage; Inspect fuel 
cap for correct sealing and indications of physical 
damage. Replace any damaged or malfunctioning 
parts. 

If the fuel system is suspected of delivering an 
improper amount of fuel, it should be inspected and 
tested in the vehicle as follows: . 

1. Make certain that there is fuel in the tank. 
2. With the engine running, inspect for leaks at 

all fuel feed pipe and ho11e connections from 
fuel tank to injectors. Tigb.ten any loose 
connectioll$. Inspect all hoses for flattening or 
kinks which would restrict the flow offuel. 

rn Important 
Refer to Section "6E2" or "6E3n for additional 
diagnosis of engine fuel system. 

Alcohol-in-fuel can be detrimental to fuel system 
components and may cause driveability problems such 
as hesitation, lack of power, stall, no start, etc. 

The problems may be due to fuel system corrosion 
and subsequent fuel filter plugging, deterioration of 
rubber components sueh as the accelerator pumps, 
and/or air-fuel mixture leaning effects. 

Various types and concentrations of alcohols are 
used in commercial gasoline. Some alcohols are more 
detrimental to fuel system components than others. If 
an excessive amQunt or alcohol in the fuel is suspected 
as the cause of a driveability condition, the following 
procedure may be used to detect the presence of 
alcohol in the fuel. In tms·procedure, water is used to 
extract the alcohol from the fuel. 

Testing Procedure 

The fuel sample should be drawn from the bottom 
of the tank so that any water present in the tank will 
be detected. The sample should be bright and clear. If 
the sample appears cloudy, or contaminated with 
water (as indicated by a water layer at the bottom of 
the sample), this procedure should not be used, and 
the fuel system should be cleaned (see "Fuel System 
Cleaning"). 

1. Using a 100 ml cylinder with 1 ml graduation 
marks, fill with fuel to the 90 ml mark. 

2. Add 10 ml of water to bring the total fluid 
volume to 100 ml and install a st.opper. 

3. Shake vigorously for 10 to 16 seconds. 
4. Carefully loosen the stopper to release 

pressure. 
5. Close the stopper and shake vigorously again 

for 10 t.o 15 seconds. 
6. Put the graduated cylinder on a level surface 

for approximately 5 minutes to allow adequate 
liquid separation. 

If alcohol is present in the fuel, the volume of the 
lower layer (which -would now contain both alcohol 
and.water) will be greater than 10 ml For example, if 
the volume of the lower layer is increased to 15 ml, it 
will indicate at least 5 percent alcohol in fuel. The 
actual amount of alcohol may be somewhat greater 
because this procedure does not extract all of the 
alcohol from the fuel. 

FUEL svmM PRESSURE RELIEF 

CAUTION: • To reduce the risk of fire and 
personal injury, it is necessary 
to relieve the fuel system 
pressure before servicing fuel 
system components.. 



• A sm.all amount of fuel lll&Y be 
released when servicing fuel 
lii:ae1 or connections. In order 
to reduce the .. chance of 
personal injury. cover fuel line 
fittin11 with a shop towel 
before diaeonnecting. to catch 
any fuel that may leak out. 
Plaee the towel in an approved 
container when diaeonnect ia 
completed. 

Pressure Relief - TBI 

l. Loosen fuel filler cap to relieve tank pressure. 
2. Remove fuel pump fuse. 
3. Start engine and run until fuel supply remaining 

in fuel pipes is consumed. Engage starter for 3.0 
seconds to assure relief of any remaining pressure. 
- Reinstall fuel pump fuse. 

4. Disconnect negative battery terminal to a void 
possible fuel discharge if an accidental attempt is 
made to st.art the engine. 

Pressure Relief- PA 

1. Loosen fuel filler cap to relieve tank pressure. 
2. Connect gage J 34730-1 or equivalent to fuel 

pressure valve. Wrap a shop towel around fitting 
while connecting gage to avoid spillage. 

3. Install bleed hose into an approved container and 
open valve to bleed system- pressure. Fuel 
connections are now safe for servicing. 

4. Drain any fuel remaining in gage into an 
approved container. 

FUEL SYSTEM PRESSURE TEST 

This test must be performed when diagnosing the 
fuel system. 

Pressure Test• TBI 

• See Section "6E2-C2", "Fuel Control System, 
Diagnosis" for fuel system pressure test. To 
perform this test, use the procedure on the page 
opposite CHART A-7. 

Pressure Test-PFI 

• -See Section "6E3-C2", "Fuel Control System, 
Diagnosisn for fuel system pressure test. To 
perform this test, use the procedure on the page 
opposite CHART A-7. 
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·FUEL PUMP FLOW TEST 

1. Connect a hose from the fuel feed line at the 
engine to a suitable unbreakable container. 

2. Apply battery voltage to the fuel pump test 
terminal (terminal "G" of ALDL.) 

3. Fuel pump should supply 1/2 pint or more in 15 
seconds. 

4. It flow is below minimum, check for fuel 
restrictions. 

5. Refer to Section '"6E" '"Fuel Control System 
Diagnosis" for further diagnosis of the electric 
pump. 

FUEL FILTER REPLACEMENT 

In-Line Filter Replacement (Figure 5) 

1: Raise car on hoist. 
2. Disconnect fuel lines from filter. To reduce the 

risk of fire and personal iajury when the fuel line 
is disconnected. cover the !uel line with a shop 
cloth to collect the fuel, and then place the cloth in 
an approved container. 

3. Disconnect rtlter from car. 
4. Loosely install new filter. 
5. Using new 0-ring seals, install the fuel lines into · 

the filter. Use back-up wrench to prevent filter,0-
ring, or fuel line damage. Torque line fittings to 
30 N·m (22 lb. ft.). 

6. Secure filter to car. 
7. Lower car. Start engine and inspect for leaks. 
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Figure 5 - In-Line Fuel Filter 
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flllt 
OJ •o•RIN<i 

CT] FUEL FILTER BRACKET m FUEL FEED PIPE 

(TI FUELFILTER 955356-&E 

Figure 6 • Fuel Filter Location 

In .. Tank Fuel Strainers 
The life of the.fuel.strainer is generally considered 

to be that of the fuel puDJ.p. , The strainer is self
cleaning and normally requires no maintenance. Fuel 
stoppage at this po~~ indicates that the fue I tank 
contains an abnormal amount of sediment or water. 
The tank should therefore be thoroughly cleaned. (See 
"Fuel S1,stem Cleaning".) If the' strainer is plugged, 
replace 1t with a new strainer. _ 

Make certain that the strainer does not get 
trapped under the fuel level sender float arm, and use 
extreme care to avoid damaging the strainer when 
servicing the sender unit. 

I 

J 

955185-6E 

Figure 8 • Fuel Leval Sender Locking cam Tool 
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Figure 7 - Fuel Tank Insulators & Fuel Tank Mounting 



DRAINING FUEL TANK 

1. Disconnect the negative battery cable. Place a dry 
chemical (Class B) rue extinguisher near the work 
area. 

2. Use a band operated pump device to drain as much 
fuel through the filler tube as possible. 

3. If a hand operat.ed pump device cannot be used to 
complete the draining process. use a siphon at the 
main (not return) fuel pipe at the Cuel level sender 
unit. 

4. Reinstall any removed hoses, lines and cap. 

CAUTION: Never drabi or store guoline in an 
open container due to the 
possibility of fire OJ;" explosion. 

FUEL TANK REPLACEMENT (Figure 7) 

CAUTION: To help avoid personal injury 
when a vehicle is on a hoist, 
provide additional support tor the 
vehicle on the opposite end from 
which components are being 
removed. This will reduce the 
pouibility of the vehicle falling off 
the hoist. 

Fuel Tank Removal 

E3 Remove or Disconnect 
1. Remove all fuel, see "Draining Fuel Tank". 
2. Gascap 
3. Filler neck shield 
4. Raise & lower vehicle 
5. Right & left rear tires 
6. Trackbar 
7. Track bar brace 
8. Install jackstands & support axle 
9. Lower shock mount nuts - bolt 
10. Exhaust hanger - rear (bolt to pipe only) 
11. Exhaust pipe to connector bolts 
12. Brake line cables from "S" clips Oeft & right) 
13. Brake cable retainer on right Crame rail. 
14. Flexable brake cable retainer & package clamp 

from left frame rail 
15. Stabilizer bar links 
16. Lower axle (do not damage flex line) 
17. Left & right rear springs 
18. Exhaust system (pipe & muffler) 
19. Muffler shield 
20. Emaust pipe shield 
21. Fuel lines & wires 
22. Fuel tank 
23. Sending unit with fuel pump (Inc: R & R retainer, 

0-ring, wiring & tape). 

Fuel Tank Installation 

E3 Install or Connect 
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1. Reverse removal procedure. 
2. Always replace 0-ring gasket when sending unit 

has been removed. See Figure 9. 

NOTICE: Care should be taken not to fold over or 
twist the strainer when installing the 
sending unit as this will restrict fuel flow. 
Also, assure that strainer does not block 
full travel of float arm. 

3. When reinstalling fuel tank, be sure to reinstall 
insulator pads on top of the tank to reduce rattle 
and other annoying noises. Peel off release paper 
on rear insulators and apply to tank or underbody 
as shown in Figure 7. Apply tape to front 
insulator as shown, using one 330 mm or two 130 
mm pieces of tape. . 

4. Tighten front fuel tank retaining strap bolt.s to 35 
N·m (26 lb. ft.). Tighten rear strap bolts to 11 
N·m (8 lb. ft.). 

NOTICE: To keep tank flange froum grounding out 
against tank strap bracket, install left 
band tank strap before right hand tank 
strap. 

5. Inspect for leaks. 

FUEL SYSTEM CLEANING 

CAUTION: Thia procedure will NOT remove 
all tu.el vapor. Do not attempt any 

. repair on tank or filler neck where 
heat or name is required, as an 
explosion resulting in personal 
injury could occur. 

If the fuel is contaminated, or if there is foreign 
material in the tank, the tank can usually be cleaned. 
If the tank is rusted internally, it should be replaced. 
1. Disconnect negative battery cable. 
2. Disconnect engine harness connector at HEI 

· distributor. 
3. Place a dry chemical (Class B) fire extinguisher 

near the work area. 
4. Relieve fuel system pressure (See "Fuel System 

Pressure Relief"). 
5. Drain fuel tank (see "Draining Fuel Tank"). 
6. Remove fuel tank (see "Fuel-Tank Removal"). 
7. Remove external fuel filter and inspect for 

coptamination. If filter is plugged, replace it. 
8. Locate tank away from heat, flame or other source 

of ignition. Remove fuel level sending unit and 
inspect condition of strainer. If strainer is 
contaminated, install a new strainer upon 
reassembly. 
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9. Complete draining or tank by rocking it and 
allowing fuel to run out of fuel level sender tank 
opening. 

10. Purge fuel tank, see "Fuel Tank Purging" 
procedure. 

11. Disconnect fuel feed pipe at in-line filter and use 
air pressure to clean fuel line. Apply air pressure 
in the opposite direction fuel normally flows 

- through the line. Disconnect return line and 
apply air pressure to clean line. 

12. Use low air pressure to clean pipes on fuel level 
sender assembly. 

13. Install new strainer on fuel level sending unit, if 
required; 

14. Install ·fuel level sender unit with new O-ring 
gasket into tank, and install fuel tank. Connect 
fuel level sender harness to body harness. The 
fuel level sender harness must be routed below the 
sender unit fuel pipes. Connect all fuel lines 
except feed line at engine. lnstall fuel filter. (See 
"Fuel Tank Replacement" for proper procedure.) 

NOTICE: Care should be taken not to fold over or 
twist strainer when installing se-nding 
unit as this will restrict fuel flow. Also, 
assure that strainer does not block full 
travel of float arm. 

15. Connect a hose to the fuel feed line at the engine, 
and insert the other end of the hose into an empty 
one gallon fuel can. 

16. Connect battery cable. 
17. Put 2.3 liters (six gallons) of clean fuel into fuel 

tank and apply 12 volts to terminal "Gn of ALDL 
to operate electric fuel pump. Pump two quarts of 
fuel into fuel can. This will purge fuel pump and 
lines. 

18. Remove hose and connect fuel line at engine. 
Connect engine harness connector· to HEI 
distributor. 

19. Startengine. 
20. Check all connections for leaks. Tighten all hose 

clamps. 

FUEL TANK PURGING PROCEDURE 

The following procedure is used before repairing 
the fuel tank. 
1. Remove fuel level sender unit and drain all 

remaining fuel from tank. 
2. Visually inspect interior cavity of tank. If any 

fuel is evident, drain again. 
3. Move tank to flushing area (wash rack). 
4. Fill tank completely with tap water, agitate 

vigorously and drain. 

5. Add gasoline emulsifying agent to the tank. Refill 
tank with water, and agitate mixture -for 10 
minute~. Drain tank completely. 
For correct gasoline emulsifying agent to water 
ratio, refer to the manufacturer's specifications. 
Use an available em~lsif,-,ing agent such as 
"Product-Sol No. 913". or equivalent. 

6. When tank is empty, refill to overflowing with 
water. Completely flush out remaining mixture, 
and empty tank; 

7. If available, an explosion meter should be used to 
check for ne~tive reading. 

8. Perform required service work. 

FUEL TANK LEAK TEST PROCEDURE 

NOTICE: Before removing the fuel tank for a 
suspected leak, make sure that it is not 
one of the fuel hoses leaking onto the tank. 
If fuel is leaking from the tank, replace 
tank. . 

1. Plug all outlets from tank as follows: 
a. I:utall filler neck, upper neck assembly, and 

filler cap. 
b. Install fuel level sender unit with gasket and 

plug fuel feed and return lines. 
c. Install short piece of fuel line on fuel level 

sender vent tube. 
2. Remove fuel tank (See "Fuel Tank Removal"). 
3. Apply a small amount of air pressure. to tank 

through vent tube (approximately 7 to 10 kPa or 1 
to 1-1/2 lbs. of pressure). When air can be heard 
escaping from filler neck cap, pinch the fuel line 
hose to retain pressure. 

NOTICE: More than 1-1/2 lbs. of pressure will 
permanently damage the tank. 

4. Test tank for leaks with soap solution or by 
submersion. Ir a leak is noted, replace tank. 

FUEL PUMP REPLACEMENT 

In-Tank Electric Fuel Pump 

Electrical Diagnosis 

For electrical diagnosis of the fuel pump, see 
Section .. SE" and Section "BA". 

Electric Fuel Pump Removal 

1. Relieve fuel system pressure. (See "Fuel System 
Pressure Relief".) 

2. Disconnect negative battery cable. 
3. Raise car on hoist. 
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Figure 9 - In-Tank Electric Fuel Pump and Fuel Level Sender Assembly (Typical} 

CAUTION: To help avoid personal injury 2. Pushfuelpumpassemblyintoattachinghose. 
when a vehicle is on a hoist, 3. Install fuel level sending unit and pump assembly 
provide additional support for the into tank assembly. Use new 0-ring during 
vehicle on the opposite end from reassembly. See Figure 10. 
which components are being OT 
removed. This will reduce the N ICE: Care should be taken not to fold over or 
possibility of the vehicle falling off twist the strainer when installing the 
the hoist. sending unit as this will restrict fuel flow. 

4. Remove the fuel tank. (See "Fuel Tank 
Removal".) 

5. Remove fuel level sending unit and pump 
assembly by turning cam lock ring counter 
clockwise. Lift assembly from fuel tank. 

. 6. Remove ruel pump from fuel level sending unit. 
Pull fuel pump up into attaching hose or pulsator 
while pulling outward away from bottom sµpport. 
Take care to prevent damage to rubber insulator 
and strainer during removal. After pump 
assembly is clear of bott.om support, pull pump 

· assembly out of rubber connector or pulsator for 
removal. 

Electric Fuel Pump Installation 

1. Inspect fuel pump attaching hose for any signs of 
deterioration. Replace as necessary. Also check 
rubber sound insulator at bottom of pump, and 
replace if required. 

Also, assure that strainer does not block 
full travel of float ann. 

4. Install cam lock over assembly and lock by 
turning clockwise. 

5. Reverse fuel tank removal procedure to (I.Dish 
installing . 

Fuel Pump Relay 

The fuel pump relay is located in the engine 
compartment, attached to the multi-use bracket on 
the upper dash panel extension. See Figures 2-4. 

See the electrical section of the manual for further 
description and operation of the fuel pump relay. 

FUEL LEVEL SENDER UNIT (Figure 9) 

Figure 9 shows a typical Fuel Level Sender unit. 
When a fuel level sending unit is removed always 

make sure to install the O-ring gasket and any power 
or ground leads that were removed. 
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Figure 10 • Fuel Sender Installation 
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Figure 11 • Engine Fuel Lines L88 
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See "Fuel Pump Replacement" for sender unit 
replacement. 

Fuel level Sender Unit Diagnosis 

For checking and testing of the fuel level sender 
unit see Section '"8A ". 

FUEL AND VAPOR PIPE REPLACEMENT 
(Figure 11-13, 18) 

CAUTION: A small amount of fuel may be 
released when servicing fuel lines 
or connections. In order to reduce 
the chance ,of personal injury, 
cover fuel line fittings with a shop 
towel before disconnecting, to 
catch any fuel that may leak out. 
Place the towel in an approved 
container when disconnect ls 
completed. 

When replacing fuel feed and return pipes, always 
replace them with original equipment or parts that 
meet the GM specifications for those parts. The 
replacement pipe must have the same type of fittings 
as the original pipes to ensure the integrity of the 
connection. 

NOTICE: Do not use copper or aluminum tubing to 
replace steel tubing. Only tubing meeting 
the 124M specification or its equivalent is 
capable of meeting all pressure and 
vibration characteristics necessary to 
ensure the durability standard required. 

Many of the feed and return pipes use screw 
couplings with 0-rings. Any time these fittings are 
loosened to service or ~ replace components, ensure 
that: 
• A backup wrench is used to loosen and tighten the 

fittings. 
• Check all O-rings at these locations (if applicable} 

for cuts or any damage and replace if necessary. 
• Use correct torque when tightening these fittings. 
• Inspect all pipes for leaks, kinks or dents. 
• Pipes must be properly secured to the frame to 

prevent chafing. A minimum of 6 mm (1/4") 
clearance must be maintained around a pipe to 
prevent contact and chafing. 

• Fuel feed and return pipes are secured to the 
underbody with clamps and screw assemblies.*** 

• Follow the same routing as the original pipe. 
• Fuel pipes must not contact the fuel tank or 

underbody at any point. · 

Fuel and Vapor Pipe Repair 

When it is impractical to · replace an entire fuel . 
line to repair localized damage, use the following 
procedure: 
• When rubber hose is ased to replace pipe, use only 

reinforced fuel-resistant hoi1e which is identified 
with the word "Fluoroelastomer" on the hose. 
Inside hose diameter must match outside pipe 
diameter. 

• Do not use rubber hose within 100 mm (4n) of any 
part of the exhaust system, or within 254 mm (10") 
of the catalytic converter. 

• In repairable areas, cut a piece of fuel hose 100 
mm (4") longer than portion of line removed. If 
more than a 6 inch length of pipe is removed, use a 
combination of steel pipe and hose so that hose 
lengths will not be more th~n 254 mm (10"). 

• Follow the same routing as the original pipe. 
• Cut ends of pipe, remaining on car, square with a 

tube cutter. Using the first step of a double flaring 
tool, form a bead on the end of each pipe section. If 
pipe is too corroded to withstand the 
beadingoperation without damage, the pipe 
should be replaced. If a new section of pipe is used, 
form a bead on both ends of it also. 

• Use screw-type hose clamp NO. #2494772, or 
equivalent. Slide clamps onto pipe and push hose 
51 mm (2") onto each portion of fuel pipe. Tighten, 
clamps on each side of repair. 

• Pipes must be properly s~ to the frame to 
prevent chafing. 

ACCELERATOR 
CABl.e 

VIEW A 95 53&31E 

Figure 14- Accelerator Control Engine 
Compartment LB8 
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Figure 15 -Accelerator Controls• Engine Compartment L03 
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Figure 16 • Accelerator Controls - Engine Compartment LB9-L98 
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AC CE LERA TOR CONTROLS (Figures 14, 15, 16) 

The accelerator control system is cable type. 
There are no linkage adjustments, and therefore the 
specific cable for each application must be used. Only 
the specific replacement part will work. 

When work has been performed on accelerator 
controls, always make sure that all components · are 
installed as removed and that linkage and cables are 
not rubbing or binding in any manner. 

Whenever disconnecting or replacing parts, 
lubricate pivot points with Accelerator Linkage 
Lubricant 1052541 or equivalent. Check for 
correctope~ing and closing positions by operating 
accelerator pedal. Also check for poor carpet fit under 
the accelerator pedal. 

Throttle should operate freely without bind 
between full closed and wide open throttle. 

QJ RETAINER 
f"zl ACCELERATOR 
~ CONTROL CABLE m PLATE ACCELERATOR LEVER 

m NUT TIGHTEN TO 8 N·m (75 lb. in.) 

[[] PEDAL ASM 

(I] STUDS DASH PANEL 95 5360 6C 

Figure 17 - Accelerator Controls - Pass. Compartment 

Accelerator Control Cable 

When performing service on the accelerator 
control cable, observe the following: 
• Retainer must be installed with tangs secured 

over head of stud. 
• Conduit fitting at both ends of cable must have 

locking tangs expanded and locked in attaching 
holes. 

• Flexible components (hoses, wires, conduits, etc.) 
must not be routed within 50 mm (2") of moving 
parts of acce.lerator linkage ·outboard of support 
unless routing is positively controlled. 

Accelerator Pedal (Figure 17) 

When performing service on the accelerator pedal, 
observe the following: 
• The braided portion of the accelerator cabl.e 

assembly must not come in contact with the f'ront 
of dash sealer during assembly, repair, or 
replacement of the assembly. 

• The mounting surface between support and dash 
panel must be free of insulation. The carpet and 
padding in pedal and tunnel area must be 
positioned to lay flat and be free of wrinkles and 
bunches. 

• Slip accelerator control cable through slot in rod 
and then install retainer in rod, being sure it fa 
seated. Use care when pressing the retainer into 
hole in rod to ensure that the cable is not kinked or 
damaged in any way. 

• After securing all components of the accelerator 
linkage, linkage must operate freely without 
binding between full closed throttle and full wide 
open throttle. 

• Wire, hoses, cables or other obstructions must not 
be placed within 13 mm (33/64") of cable or rod at 
any point in their travel. 
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VIEWA 
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SECTION 6D 

ENGIN'E ELECTRICAL 
CONTENTS 

Gme,;a.l Descri.puon ······················-··················· 6D-l 
Diagnosis •••...•..........• · ........•••.•.... ·... ...... ...... ...... .... 6D-1 

GENERAL DESCRIPTION 
The engine electrical system includes the batt~. 

ignition (primary and secondary), starter motor (and 
rela~ Wiring) and ~e generator (and related wiring). 
To diagnose and troubleshoot system faults, refer to 
ELECTRICAL DIAONOSIS (SEC. 8A). When a 
fault is traced to a particular component, refer to that 
component's section of the service manual. 

DIAGNOSIS 
ELECTRICAL SYSTEM GENERAL DIAGNOSIS 
Figures 1 and 2 

Diagnosis and repair procedures for engine 
electrical subsystems an: located in the following 
subsections: 

Electrical System General: Diagnosis ................ 6D-1 

6D 1 - Battery 
6D2 - Cranking System 
6D3 - Charging Sys~ 
6D4 - Ignition System 
6DS - Engine Wiring 

Where a driveability complaint exists, or an· ECM 
code is set, refer to DRIVEABILITY AND 
EMISSIONS-GENERAL INFORMATION (SEC. 
6E). For wiring diagrams, component locations and 
system checks, refer to ELECTRICAL DIAGNOSIS 
{SEC. SA). 
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NO CRANKING. NO SOUND FROM SOLENOID 

I TURN-HEADLAMPS AND DOME LAMP ON. I TURN KEY TO "'STAF!r · 

I LAMPS DIM OR GO OUT I I LAMPS STAY BRIGHT I 
I CHECK BATTERY STATE-OF-CHARGE 1 TURN ON RADIO. ANO HEATER I 

1 . 
EYE DARK GREEN EYE SHOWING I OPERATEOK I DON'T OPERATE I 

I 

CHARGE BATTERY. CHECK CRANKING VEHICLES WITH VEHICLES wm-t . · CHECK BULt<HEAD CON-
CHECK FOR DRAIN, VOLTAGE AT AUTOMATIC '1ANUAL NECtOR. FUSIBLE LINK 

ANO CHECK BATTERY POSTS. TRANSMISSION TRANSMISSION AND IGNITION SWITCH 
~ERATOR. rnNNECTIONS. 

I CHECK VOLTAGE AT ClUTCH 
SWITCH TERMINAL (CLUTCH 

LESS THAN 9.6 VOl.TS. 
• , 

Cl.II vni. T~ nR lM"IRE. DEPRESSED. KEY IN "START'\. . 
I 

TEST BATTERY. IF OK. CHECK VOLTAGE FROM MORE THAN 7 LESSTHA:N7 LESS THAN 7 ENGINE BLOCK TO BATTERY 
REPAIR STARTER. NEGATIVE POST. KEV IN VOL TS ON BOTH VOL TS ON BOTH VOLTS ON ONE 

"'START' POSITION, (POSITIVE TERMINALS. . TERMINALS. TERMINAL . . 
LEAD ON ENGINE BLOCK). I 

I CHECK CONNECTIONS H LESS THAN l CMECK CLUTCH 
I AND VOLTAGE AT 7VOLTS SWJTCHAD• 

.5 VOLT OR MORE LESS THAN .5 VOLT SOLENOID MS"' TERM. JUSTMENT ANO l I I CONNECTOR. IF 
l OK, REPLACE CLEAN ANO TIGHTEN CHECK CRANKING 

GA0UN0 CABLE CON• VOi.TAG!: AT STARTER MANUAL r AUTOMATIC 
1 

SWITCH. 

NECTION ANOOR "B" TERMINAL TRANSMISSION TRANSMISSION 
REPLACE CABLE. I I FAULTY 

PURPLE WIRE WITH KEY IN "STAAr. CHECK VOLTAGE AT 

LESS THAN 9 VOi.TS 9 VOi.TS OR MORE TO STARTER IGNITION SWITCH SOLENOID TERMINAL 

I 

CLEAN AND TIGHTEN CHECK FUSIBLE LINK 
7VOLTS 7 VOL TS OR MORE l r LESS THAN 7 VOL TS 

POSfflVE BATTERY AND BULKHEAD 
0A MORE . 

I 

CABLE TERMINALS CONNECTOR. 
REPAIR STARTER I REPAIR WIRE FROM I REPLACE IGNITION 

AfG0A REPLACE IGNITION SWITCH. SWITCH 
CABLE. w.cooo,...,.,..,., 

Figure 1 - Electrical System General Diagnosis (1 of 2) 
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SLOW CRANKING, SOLENOID CLICKS OR CHATTERS 

CHECK: BATTERY FOR GREEN INDICATOR. 

VISUAL CONDITION OF BATTERY CABLES ANO CONNECTIONS. 
IF BATTERY NEEDS CHARGING, MAKE GENERATOR ANO BATTERY DRAIN 
CHECK. CHARGE BATTERY AND CHECK CRANKING. IF F>ROBLEM HAS 
NOT BEEN FOUND, DO THE FOLLOWING. 

I 
REMOVE BATTERY LEAD FROM DISTRIBUTOR OR IGNmON MODULE. 
MAKE ALL VOLTMETER READINGS WITH KEY IN "START' POSITION. 

I 
MEASURE CRANKING VOLTAGE AT BATTERY TERMINAL POSTS. 

I 
I 

I 9.8 VOL TS OR MORE . I 
I 

MEASURE VOLTAGE FROM BATTERY 
NEGATIVE TERMINAL TO ENGINE 

BLOCK. (POSITIVE LEAD ON ENGINE BLOCK) 

I 
I 

.5 VOLT OR MORE 

I 
REPAIR GROUND 

CABLE AND 
CONNECTIONS 

I 

9 VOL TS OR MORE 

I 
REPAIR ST ARTER 

I I 
LESS THAN .5 VOLT OK 

I I 
MEASURE VOLTAGE REPAIR 

AT SOLENOID "B" STARTER 
TERMINAL. CLEAN 

AND TIGH'TEN 
CONNECTIONS 
AT STARTER. 

I 
I 

LESS·THAN 9 VOL TS 

I -

CLEAN ANO TIGHTEN POSITIVE CABLE CONNECTIONS 
IF OK. REPLACE CABLE. 

THIS PROCEDURE IS DESIGNED FOR use ON 
ENGINES AND BATTERIES AT ROOM OR NORMAL 
OPERATING TEMPERA TURES. IT ALSO ASSUMES 
THERE ARE NO ENGINE DEFECTS WHICH WOULD 
CAUSE CRANKING PROBLEMS. TO use IT UNDER 
OTHER CONDITIONS MIGHT RESULT IN 
AN IMPROPER DIAGNOSIS. 

Figure 2 - Electrical System General Diagnosis (2 of 2) 

LESS THAN 9.8 VOL TS 

CHARGE ANO 
LOAD TEST BATTERY 

F4ULTY 

REPLACE 
BATTERY 
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SECTION 6D1 

BATTERY 
The following •Notice" applies to one or more steps in the assembly procedure of components in this •portion 

of the manual as indicated. at appropriate locations by the terminology: •NOTICE: See •Notice• on page 6Dl-1 
of this section.• 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced. use the correct pan number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and sti:ength (or stronger) may be used. Fasteners 
that arc not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed. parts or system damage 
could result. 

CONTENTS 
General Description ...................................... .. . 601-1 
General Information . .. ........ ............................. 601-1 

Common Causes of Failure ......................... 6D1-1 
Electrolyte Freezing ..................................... 601-2 
Battery Tray and Hold-Down 

Retainer ............ ......................................... 6D1-2 
Visual Inspection .......................................... 6D1-2 
Ratings .......................................................... 6D1-2 
Reserve Capacity .......................................... 6D1-2 
Cold Cranking Amperage ............................ 6D1-2 
Built-In Test Hydrometer ............................ 601-3 
Battery Proteotion During Vehicle 

Storage ....................................................... 6D1-3 
Diagnosis .......................................................... 6D1-3 

Battery Electrical Drain ............................... 6D1-4 
Current Drain Test ...................................... 6D1-4 

CAUTION: All batteries generate 
hydrogen gas which is extremely 
flammable. If ignited by a spark or 
flame. the gas may explode violently, 
causing spraying of acid. 
fragmentation of the battery and 
possible severe personal injuries. 
Wear approved eye protection. 
Battery fluid is corrosive acid. Flush 
any contacted area with water 
immediately and thoroughly. 

GENERAL DESCRIPTION 
Rgures 1 through 3 

The sealed battery is standard on all vehicles. See 
•specifications• in this section for battery usage 
applications. There are no vent plugs in the cover. The 
battery is completely sealed except for two small vent 
holes in the sides. These v.ent holes allow the small 
amount of gas produced in the battery to escape. 

The battery has three major functions in the 
electrical system: first, it ·provides a source of energy 
for cranking the engine; second, it. acts as a voltage 
stabilizer for the electrical system; and third. it 
provides energy for a limited time when the electrical 
load used exceeds the output of the generator. 

The battery specification label contains 
information important for servicing the battery. This 

On-Vehicle Service ... ....... ........ ......................... 6D 1-4 
Battery Charging . ....... ....... ........................... 6D 1-4 
Charging Procedure ..................................... 6D1-4 
Charging: Time Required ............................. 6D 1-6 
Charging a Very Low/Discharged 

Bartery (Off-Vehicle) ................................. 6D1-6 
Jump Starting ............................................... 601-7 t::g ~egrec~~;;i·;;d······· .. ··········· 601-1 

Routing ..•.........•...•....... ; .............................. 6D1-8 
Ground. Straps . .................................. ........ .... 601-8 
Equipment ................................................. ... 601-8 
Battery Usage Chan ...................................... 601-1 I 

Specifications .................................................... 601-l l 
Special Tools .................................................... 601-11 

BUILT•IN 
HYDROMETER 

Figure 1 • Sealed-Top Banery 

information includes test ratings and both original 
equipment and recommended replacement part 
numbers. This information is also included in 
•specifications• at the end of this section. 

GENERAL INFORMATION 
COMMON CAUSES OF FAILURE 

The battery is not designed to last indefinitely; 
however, with proper care, it will provide many year_s 
of service. 

ff the battery tests good, but fails to perform 
satisfactorily in service for no apparent reason, the 
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MAINTENANCE-FREE BATTERY 

H3tlHUID-AN 

Figure 2 - Battery Label ff ypical) 

H39 D-AN 

Figure 3 - Battery Specification Label (Typical) 

following are some of the more important factors that 
may point to the cause of trouble: 

1. Vehicle acces.,ories left on overnight. 
2. Slow average driving speeds for short periods. 
3. The vehicle's electrical load being more than the 

generator output, particularly with the addition 
of aftermarket eq~ipment. 

4. Conditions in the charging system such as 
electrical shorts,, slipping fan belt, faulty 
generator, or voltage regulator. 

5. Battery abuse, including failure to keep the 
battery cable terminals clean and tight, or loose 
battery hold-down. See .. Battery Replacement" 
in this section for torque specifications. 

6. Mechanical conditions in the electrical system, 
such as shorted or pinched wires. 

7. • Extended storage of vehicles. 
8. Batteries being less than adequately charged 

when received. 
9. Extended cranking periods due to plug fouling. 

10. Incorrect interpretation of the charge indicator. 
11. Inability to determine the correct ampere-hour 

charging rate for a discharged battery. 
12. Burned out charge/generator light bulb causing· 

"No Charge" condition. 
13. Continuous current draw on the battery through 

increased parasitic drain. 

ELECTROLYTE FREEZING 

The freezing point of electrolyte depends on its 
specific gravity. Since freezing may ruin a battery, it_ 
should be protected against freezing by keeping it in a 
charged condition. . 

BATTERY TRAY AND HOLD-DOWN RETAINER 

The battery tray and hold-down retainer should 
be clean and free from corrosion before installing 
battery. 

The battery tray should be in a sound condition 
so that it will hold the battery securely and keep it level. 
Make certain there are no parts in the carrier before 
installing battery. 

To prevent the battery from shaking in its battery 
tray the hold-down retainers should be tight, but not 
overtight. 

VISUAL INSPECTION 

Check for obvious damage, such as cracked or 
· broken case or cover, which allows loss of electrolyte. 
If obvious damage is noted, replace the battery. 
Determine the cause of damage and correct as needed. 
If battery terminals are severly damaged - loose, 
burned, or broken - replacement of the battery is 
recommended. Evidence of small amounts of 
electrolyte leakage, especially around the vent holes, 
does not necesurily indicate the battery is bad - th, 
leakage could have been caused by overcharging or by 
excessive battery tipping. 

RATIN(3S 

A battery has two ratings: ( 1) a reserve capacity 
rating at 27° C (80° F) which is the time a fully charged 
battery will operate the car with no generator 
operation; and (2) a cold rating at -18° C (fr F) which 
indicates the cranking load capacity. See battery label 
or "Specifications" at the end of this section for specific 
battery ratings. 

RESERVE CAPACITY 

The .. Reserve Capacity" is the maximum length 
of time it is possible to travel at night with minimum 
electrical load and no generator output. 

Expressed in minutes it is the time required for 
a fully charged battery, at a temperature of 80"F being 
discharged at a constant current of 2S amps, to reach 
a terminal voltage of 10.S volts. · 

COLD CRANKING AMPERAGE 

The cold cranking amperage test is expressed at 
a battery temperature of O"F. The current rating is the 
minimum amperage which must be maintained by thr 
battery for 30 seconds, at the specified temperature,
while meeting a minimum. voltage requirement of 7.2 
volts. This rating is a measure of cold cranking 
capacity. 



BUILT-IN TEST HYDROMffiR. 
Figure4 

The sealed battery bu a built-in temperature 
compensated hydrometer in the top of the battery. This 
hydrometer is used with the following diagnostic 
procedure. 

When observing the hydrometer, make sure that 
the battery bu a clean top. A light may be required in 
some poorly-lit areas. · 

1 •mm'i1~11m1 
L (?l_J~,_J1 ~_J 

DARKENED DAAKENl!O LIGHT 
INDICATOR INDICATOFI YELLOW 01'1 
IWITH Gl'IEl!N INO Gl'IEEN 8AIGHT 
DOTI DOTI .. NDICATOA 

MAY IE JUMP 
STARTED 

MAY IE JUMP 00 NOT JUMP 
STARTED START 

J37!11MD1.JN 

Figure 4 - Built-In Hydrometer 

Under normal operation, two indications can be 
observed: 

1. GREEN DOT VISIBLE 
Any green appearance is interpreted as a "green 
dot" and the battery is ready for testing. 

2. DARK; GREEN DOT NOT VISIBLE 
.If there is a cranking complaint, the battery 
should be tested as described in the •Diagnosis" 
in this section. The charging and electrical 
systems should also be checked at this time. 
Occasionally, a third condition may appear: 

3. CLEAR OR LIGHT YELLOW 
This means the fluid level is below the bottom of 
the hydrometer. This may have been caused by 
excessive or prolonged charging, a broken case, 
excessive tipping or normal battery wearout. 
When finding a battery in this condition it may 
indicate high charging voltages caused by a faulty 
charging system; therefore, the charging and 
electrical systems may need to be checked. If a 
cranking complaint exists and is caused by the 
battery, the battery should be.replaced. 

BATTERY PROTECTION DURING VEHICLE 
STORAGE 

Today's vehicles have many high technology 
electronic devices which result in very small but 
continuous current drains on the batteries, commonly 
referred to as "parasitic loads." V chicles that are not 
used for an extended period of time may develop 
extremely discharged and/or permanently damaged 
batteries resulting from parasitic loads. 

Any battery discharged by parasitic loading and 
then allowed to stand in this condition for a period of 
time may not readily accept recharge. However, if 
properly recharged, batteries will return to a good 
usable condition. 

BATTERY 8D1-3 

Extremely discharged ' batteries can freeze at 
temperatures as high ~ . 29°F' causing permanent 
damage. Perm:ancnt ~e. Jo discharged batteries 
can also be ~crated by higfi·tem:pcmtures. 

~eil;lical reactions take place in all baneries, 
even if thqt · are not connected to a load. Therefore, a 
certain amount of self-discharge is always occurring. 
The higher the ambient temperature, the greater the 
amount of self-discharge. The Delco Freedom battery 
bas a much lower rate of self-discharge than 
conventional batteries. Ambient temperature affects 
self-discharge as follows: 
TEMPERATURE 

12crF 
AMPS 

.0112 

.0068 

.0018 

.0008 

100°F 
70"F 
SO"F 

To prevent this condition, the negative(-) battery 
cable should be disconnected on vehicles which are not 
going to be in service within a 30-day period, beginning 
from the time the vehicle is shipped. If this is not 
possible, . batteries should be recharged periodically 
(every 30-65 days) until the green dot is visible. 

DIAGNOSIS 
The following procedure should be ·used for 

testing batteries: 
1. VISUAL INSPECTION 

Check for obvious damage, such as a cracked or 
broken case or cover that could permit loss of 
electrolyte. If obvious damage is noted, replace 
the battery. Determine cause of damage and 
correct as needed. If not, proceed to step 2. 

2. HYDROMETER CHECK (Figure 4) 
• GREEN DOT VISIBLE - Go To step 3 
• DARK; GREEN DOT NOT VISIBLE 

Charge the battery as outlined under 
"Charging Procedure0 in this section and 
proceed to step 3. 

3. LOAD TEST 
Load testing may require using battery side 
terminal adapters to ensure good connections 
(Figure S). Do not load test a frozen battery. 

• 
• 

• 

• 

• 

Connect a voltmeter and a battery load 
tester across the battery terminals. 
Apply a 300 amp load for IS seconds to 
remove surface charge from the battery. 
Remove load. · 
Wait 15 seconds to let battery rcco:ver . 
Apply specified load located on battery 
label or in "Specifications" at the end of this 
section. Read voltage after 15 seconds, then 
remove load. 
If voltage does not drop below the minimum 
listed in Figure 6, the battery is good and 
should be returned to service. The battery 
temperature must be estimated by feel and 
by the temperature the battery has' been 
exposed to for the past few hours. 
If voltage drops below the minimum listed • 
replace the battery. 
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Figure 5 - Sida Ta_rminal Battery Adapters 

ESTIMATI!D 
TEMPERATURE 

21• C (70" F) 
10" C 150" F) 

O" C (30" F) 
-10" C 115" Fl 
-1r C (O" Fl 
BELOW: - 1r C (O" Fl 

MINIMUM 
VOLTAGE 

9.6 
9.4 
9.1 
a.a 
8.5 
8.0 

"10001-8D1-W-RA 

Figure 6 - Battery Temperature vs. Voltage Drop 

BATTERY ELECTRICAL DRAIN 

If a vehicle exhibits a low or dead battery after an 
overnight set, or goes down over a period of two or 
three days. the electrical system should be checked for 
an excessive electrical drain using the · following 
procedures: 

• Remove the underhood lamp bulb (if equipped) 
and tum ignition "Off". 

• Charge the battery to a full state of charge. 
• Disconnect negative battery cable, connect an 

ammeter capable of_carrying at least 20 amps in 
series . between the battery terminal and the 
negative battery cable. With the key off, note 
amperage draw. It should not be more than 0.5 
amp, with doors closed and all systems turned off. 

• U more than 0.5 amp drain is present, the vehicle 
electrical system should be checked by pulling 
fuses to determine component causing the 
excessive amperage drain. 

• If the larger capacity ammeter indicates less than 
O.S amps, remove it from the battery and install 
the high impedance digital multimeter 1 34029 in !:Jclacc. Set the selector switch to 2 on the DCA 

e, turn selector switch counterclockwise for 
descending scale until an accurate milliamp 
reading is obtained. 

· Do not open doors or operate any equipment that 
would draw more than 2.0 amps or the fuse on the 
digital multimeter will blow. If blown. it. must be. 
replaced with a 2 amp fast blow fuse only or the meter· 
will be damaged. 

Starting with the 2,000 MA (mj]ljamps) setting, 
start switching the right selector switch down the scale 
until an accurate amperage drain reading is obtained. 

Normal parasitic current drains on the · battery 
are 10 MA to 75 MA. If more than 75 MA -drain is 
indicated on the digital multimeter, components such 
as ignition switch, trunk lamps, tone generators, etc., 
should be checked to determine the component causing 
excessive drain on the battery. 

If during previous testing exces.,ive amperage was 
found (over 20 MA), the ECM should be tested as 
follows: 
• Remove digital multimeter, reconnect battery 

cable to battery. 
• Connect positive (red) lead of digital multimeter 

to the second terminal in from the right on the 
ECM ALDL diagnostic connecte:r under the 
instrument panel. Connect negative (black) lead 
to any good ground. 

• Turn ignition switch "ON" for five seconds and 
then "Off". With ignition switch "ON, .. the 
meter should register five volts. With ignition 
"Off," the voltage should be zero. 

• If the voltage is still being displayed on the 
multimeter and ignition bas been off for at least 
ten seconds, the ECM is staying activated when 
it shouldn't be and should be replaced. 

• If the ECM is replaced, the same "on-off" test 
should be performed again to ensure the problem 
is corrected. 

CURRENT DRAIN TEST 
For current drain test, refer to Figure 7. 

ON-VEHICLE SERVICE 
BA TTERV CHARGING 

When it is necessary to charge the battery, follow 
these basic rules: 

1. Do not charge battery if hydrometer is clear or 
light yellow. Replace battery. 

2. If the battery feels hot s2• C (1259 F), or if 
electrolyte violently psses or spews through the 
vent holes, discontinue charging or reduce 
charging rate. 

3. Do not charge a battery if it seems to be frozen. 

CHARGING PROCEDURE 
1. Batteries with green dot showing do not require 

charging unless they have just been discharged 
(such as in cranking vehicle). 

2. When charging side terminal batt¢es out of car, 
install adapter kit (AC Delco part number 
ST-1201, GM part number . 1846855 or 
equivalent). Refer to Figure 5. 
The adapter should be snugged up against the 
lead terminals of the battery to keep resistance 
between the adapter and the battery terminals to 
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CURRENT DRAIN TEST 

TEST CONDITIONS 
• IGNITION KEY Ol1T OF IGNITION 

• ALL DOORS a.o&ED 

• HEADLAMPS ANO PARK LAMPS uOFP' 

• COURTESY LAMPS "OFF" 

• BATTERY FULLY CHARGED 

I 

• DISCONNECTTHE BATTERY NEGATIVE CASI.EAT THE BATTERY 
• CONNECT J34029-A (SET AT HIGH SCALE) BETWEEN THE BATTERY 

NEGATIVE TERMINAL AND THE BATTERY NEGATIVE CABLE 

• WAIT AT LEAST 80 SECONDS 

• DECREASE AMMETER SETTING AS NECESSARY 

• READ MEASUREMENT 

I 
I 

OVER 25 MIWAMPS(1) UNDER 25 MILLIAMPS (2) 

I 

• LEA~ AMMEJER CONNECTED • CHECK CHARGING SYSTEM (SEE BA-30-0) 

• REMOVE ECM AJSE FROM THE 
LS. B.ECTRICAL CENTER 

I 

AMMETER READING DROPS BY AMMETER READING DROPS BY MORE 
LESS THAN 10 MIWAMPS (3) THAN 10 Mll.UAMPS (4) 

I 
• CONNECT BATTERY NEGATM: CABLE 
• REFER TO ECM DIAGNOSIS SECTION 8E 

• REMOVE FUSES AND FUSIBLE ELEMENTS ONE AT A TIME TO DETERMINE COMPONENT OR CIRCUrT 
CAUSING THE EXCESSIVE CURRENT DRAIN (REMOVE RJSES THAT ARE HOT AT ALL TIMES FIRST) 

• SEE SECTIONS BA-10 AND 11 
• READ AMMETER AS EACH FUSE IS REMOVED AND CHECK THE CIRCUITS WHICH SHOW A 

DECREASE OF 10 MILLIAMPS OR MORE WHEN DISCONNECTED 
SEE SECTIONS &A-10 AND 11 

NOTE: PERFORM BATTERY ELECTRICAL DRAIN TEST AGAIN AFTER MAKING Atrf REPAIRS 

Baaary CWNnt lhould be lass than 25 mHllampe wllh no circuits active. This l8SI det8rrnlnee the value 
of baUery currant wfth all ayatema off. 

(1) A c:umtnt drain over 25 mllllamps Indicates a fault. 

(2) A c:unwrt drain under 25 mlliarnps le OK. 

(3) A canant drain drop Ufl(ler 10 mllllamps lndlcatas the problem la not ECM 1'91ated. 

(4) A cumtnt chin drop CNS 10 mlllampa lndlcalas the problem 18 ECM ralaled. 

Figure 7 - Current Drain Test 
IC1 
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a minimum. Han adapter kit is not available, an 
alternative method may be used. The alternative 
method uses a 3/8 inch nui and bolt with 16 UNC 
threads for each battery terminal. Bolts alone 
should not be used, since the mating threads 
inside the battery terminals provide a very small 
contact surface which bas high resistance to 
current flow. The high resistance can prevent 
adequate charging current from reaching the 
battery, making it appear that the battery will not 
accept a charge. 
Follow this procedure to install the bolts: 
• Screw the nut onto the bolt. The bolt should 

be at least 38.1 mm (1 1/2 inches) long. 
• Screw one bolt finger tight into each battery 

terminal until the boh bottoms out. (Do not 
tighten with a wrench since the bolts can be 
driven through the case.) Then, back the 
bolt out of the terminal one full turn. 

• While holding the bolt, screw the nut 
against the battery terminal lead pad. Snug 
nut with pliers; do not overtighten because 
the threads inside the battery terminal could 
pull out. 

• Attach the charger and follow normal 
charging procedures. The main charging 
current flows through the lead pads of the 
battery terminals and not through the 
threads in the terminals. 

3. Make sure all charger connections are clean and 
tight. 

4. For best results, batteries should be charged while 
electrolyte and plates are at room temperature. A 
battery that is extremely cold may not accept 
current for several hours after starting charger. 

S. Charge battery until green dot appears. (See 
•Charging Time Required" in this section). 
Battery should be checked every half-hour while 
charging. Tipping or shaking battery may be 
ncccsury to make green dot appear. 

6. After charging, battery should be tested as 
outlined in "Diagnosis• in this section. 

CHARGING TIME REQUIRED 
The time required to charge a battery will vary 

depending on the following factors: 
• Size of Battery - A completely discharged 

large heavy-duty battery requires more than · 
twice the recharging as a completely discharged 

· small passenger ~ehicle battery. 
• Temperature - A longer time will be needed to 

charge any battery at O" F than at 80" F. When a 
fast charger is connected to · a cold battery the 
current accepted by the battery will be very low 
at first, then in time, the battery will accept a 
higher rate as the battery warms. 

• Charger Capacity - A charger which can 
supply only five amps will require a much longer 
period of charging than a charger that can supply 
30 amps or more. 

• State-Of-Charge - A compctcly discharged 
battery requires more than twice as much charge 
as a half-charged battery. Because the electrolyte 

is nearly pure water and a poor conductor in a 
completely discharged battery, the current 
accepted by the battery is very low at first. Later, 
as the charging current causes the electrolyte acid,. 
content to increase, the charging current will also 
increase. 
Any battery discharged by parasitic loading and 

then allowed to stand in this condition for a period of 
time may not accept charge readily. However, if 
recharged long enough, many batteries will return to 
a good usable condition. 

If the battery remains in an extremely discharged 
condition for a prolonged period, it can become 
permanently damaged. This damage can be accelerated 
by high temperatures. Batteries which are extremely 
discharged can freeze at temperatures as high as -fl C 
( +20" F) and be permanently damaged. 

To prevent battery damage and recharge 
problems, vehicles which are not going to be in servi~ 
within a 20 day period should have the ground cable 
disconnected to remove the constant drain on the 
batteries. If this is not possible, batteries should be 
recharged periodically every 20-45 days until the green 
dot is visible or an open circuit voltage of 12.4 volts is 
obtained. 

CHARGING A VERY LOW DISCHARGED 
BATTERY (OFF-VEHICLE) 

The following procedure should be used to 
recharge a very low or completely discharged battery. 

Unless the procedure is properly followed, a 
perfectly good battery may be needlessly replaced. 

1. Measure voltage at battery terminals with an 
accurate voltmeter. If below 11 volts, the charge 
current will be very low and it could take some 
time before it accepts a current in excess of a few 
milliamps. Such low current may be detectable on 
ammeters available in the field. 

2. Set battery charger on high setting. 
3. Some chargers feature polarity protection 

circuitry which prevents charging unless the 
charger leads are connected to the battery 
terminals correctly. A completely discharged 
ba!terr m~y not have enough voltage to activate 
this ctrcwtry even though leads are connected 
properly, making it appear that the battery will 
not accept charging current. Therefore, follow 
the specific charger: manufacturer's instruction 
telling how to bypass or override the circuitry so 
that the charger will tum on and charge a 
low-voltage battery. 

4. Battery chargers vary in the amount of voltage 
and current they provide. The time required for 
the battery to accept measurable charger current 
at various voltages may be as follows: 

VOLTAGE HOURS 
16.0 or more Up to 4 Hours 
14.0- 15.9 Up to 8 Hours 
13.9 or less Up to 16 Hours 

If the charge current ia still not 
measurable at the end of the above charging 
times, the battery should be replaced. 



If the charge current is measurable during 
the charging time, the battery is considered good and 
charging should be completed in the normal mann.er.-

5. It is important to remember that a completely 
discharged battery .must be recharged for a 
sufficient number of Ampere Hours (AH) to 
restore it to a usable state. As a general rule of 
thumb, using the Reserve Capacity Rating (RC) 
of the battery as the number of ampere hours of 
charge will usually bring the green dot into view. 
Refer to "Specifications" in. this section for RC. 
ff battery is rated at 75 RC minutes, it would be 
completely recharged as follows: 

10 ampere charge x 7 1/2 hours= 75 AH 
or 
25 ampere charge x 3 hours= 75 AH, etc. 

6. It is recommended that any battery recharged by 
this procedure be LOAD TESTED to establish 
serviceability. 

JUMP STARTING 
NOTICE: Do not push or tow the vehicle to start. 
Damage to the emission system and/ or to other 
parts of the vehicle may result. 

Both booster and discharged battery should be 
treated carefully when using jumper cables. Follow the 
procedure outlined below. being careful not to cause 
sparks. 

CAUTION: Departure from these 
conditions or the procedure below 
could result in: (1) serious personal 
injury (particularly to eyes) or property 
damage from such causes as batte.ry 
explosion. battery acid, or electrical 
burns; and/or (2) damage to electronic 
components of either vehicle. 
Never expose battery to open flame or 
electric spark - batteries generate a 
gas which is flammable and explosive. 
Remove rings. watches. and other 
jaw.elry. · Wear - approved eye 
protection. ; 
Do not allow battery fluid to contact 
eyes, skin, fabrics. or painted surfaces 
- fluid Is a corrosive acid. Flush any 
contacted area with water 
immediately and thoroughly. Be 
careful that metal tools or jumper 
cables do not contact the positive 
battery terminal (or metal in contact 
with it) and any other metal on the 
vehicle. because a short circuit could 
occur. 

1. Set parking bra~e and place automatic 
transmission in "Park''. Turn "Off.. the 
ignition, lamps and all other electrical 
loads. 

2. Check the built-in hydrometer. If it is clear or 
light yellow, replace the battery. 

NOTICE: When jump starting a vehicle with 
charging equipment, be sure equipment used is 12 
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volt and negative ground. Do not u• 24-valt 
charging equipment. Using such 
equipment can cause serious damage to 
the electrical system or electronic parts. 

3. Attach the end of one jumper cable to the positive 
terminal of the booster battery and the other end 
of the same cable to the positive terminal of the 
discharged battery. 
Do not permit vehicles to touch each other as this 
could cause a ground connection and counteract 
the benefits of this procedure. 

4. Attach one end of the remabring negative cable 
to the negative terminal of the booster battery, 
and the other end to a solid engine ground (such 
as A/C compressor bracket or generator 
mounting bracket) at least 18 inches from the 
battery of the vehicle being started. 

NOTICE: DO NOT CONNECT DIRECTLY 
TO THE NEGATIVE TERMINAL OF THE 
DEAD BATTERY. 

5. Start the engine of the vehicle that is providing 
the jump start and tum off electrical accessories. 
Then start the engine in the car with the 
discharged battery. 

6. Reverse these directions exactly when removing 
the jumper cables. The negative cable must be 
disconnected from the engine that was jump 
started first. 

BATTERY REPLACEMENT 
Figures 9 and 10 

l++I Remove or Disconnect 

1. Negative (·) cable (2). 
2. Any brackets or braces that are in the way. 
3. Positive ( +) cable (5). 
4. Ret.ainer bolt and retainer. 
5. Battery (1). 

E3 Install or Connect 

1. Battery (1 ). 
2. Retainer and retainer bolt. 

1<1.1 Tighten 

• Retainer bolt to 8 N·m (71 lb. in.). 
3. Positive ( +) cable (5). 
4. Any brackets or braces that were removed! 
5. Negative (-) cable (2). 

NOTICE: See "NOTICE" on page 6D1 of this 
section for steps 2, 3, and 5. 

1<1.! Tighten 

• Battery cables bolts to 12 N·m (106 lbs. in.). 
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BATTERY CABLE REPLACEMENT AND 
ROUTING 
Flgu,- 8 through 10 

Whenever battery cables are replaced, always be 
certain to use a replacement cable that is the same type 
and length. Some positive cables have additional feed 
wires attached to them and some negative cables have 
additional ground leads attached. 

Always be certain when replacing a battery cable 
to route it the same as the one being replaced. 

GROUND STRAPS 
F11u,_ 8 through 10 

Additional ground straps are used to connect the 
body and frame to the engine and transmission. Always 
connect all ground straps to ensure a good ground path 
to the battery from all electrical components. 

E.C.M. HARNESS 
. /:1t7: 

TO A/C TEMPERATURE~ 
SWITCH 

CABLEASM 
(NEGATIVE) 

EQUIPMENT 
A battery charger that is clBAAffied as · a "fast 

charge" unit generally is considered sufficient as it is 
· usually capable of about an 18-volt input When 
choosing a charF., the following items should be 
considered essential: 

1. A ~50 amp minimum charge rate. 
2. To prevent overcharging. the unit should have a 

timer (1 to 2 hours) or a voltage regulator that 
would regulate a maximum of 18 volts. 

3. Ammeter or charging rate meter. 
4. An automatic polarity protector. 

Some equipment that is available includes the 
Associated No. 6001 and the Sun 720. Very few 
chargers have sensitive low voltage meters, therefore, 
separate voltmeters may be necesu.ry. 

A suitable load tester such as the Sun V AT-40 ( or 
· equivalent) is available and is a very useful tool to 
properly diagnose battery problems. 

GENERATOR 

ENGINE 

t'f-"" 

FRT~ 

VIEWB 

~ 

VIEWA 

IC0001_.,;.,..,. 
Figure 8 - Battery Cable Routing (LBS and L98) 



IJJ 

[!]---a ... ...__ 
!VIEW Bj 

!VIEW cl 

.. ES 

5-SPEED 

IVIEW A! 

1-BATTERV 

2-CABLE ASM- POS. 

3-CABLE ASM- NEG. 

CAUTION: 

BATTERY 801-f 

TO PREVENT DIODE DAMAGE. ALL CONNECTIONS 
MUST BE MADE AND TIGHTENED BEFORE BATTERY 
POSITIVE CONNECTION IS MADE TO BATTERY. 

H20 

Figure 9 - Battery Cable Routing (LBS) 
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[!] BATTERY 

[!] NEGATIVE BATTERY CABLE BOLT 

[!] NEGATIVE BATTERY CABLE 

0 POSITIVE BATTERY CABLE 

0 POSITIVE BATTERY CABLE BOLT 

0 STARTER MOTOR 

[!] NEGATIVE BATTERY GROUND BOLT 

0 ENGINE WIRING HARNESS 

0 POSITIVE BATTERY CABLE NUT 

Figure 10 - Battery Cable Routings (L03) 

KC001CHD1-'"II' 



REPLACEMENT 
NUMBER 

600 (Std.) 
731 (UAl) 

BATTERY USAGE CHART 

TEST COLD RESERVE 
LOAD CRANKING CAPACITY 
AMPS AMPS# MIN' 
260 52S 1S 
280 570 90 

#Cold Cranking = Amperage available for 30 seconds of 
engine cranking at rt F. (-18" C.) 

*Reserve Capacity = The approximate time in minutes a 
battery can support a 25 amp load without the terminal voltage 
dropping below 10.5 volts at 80" F. (2T C.) in the event of a 
charging system failure. 

SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

BAmRY 8D1-11 

Battery Cable Bolt .......................................................................................... 12 N ·m (106 lb. in.) 
Retainer Bolt ....................................................................................................... 8 N •m (71 lb. in.) 
Starter to Positive ( +) Battery Cable Nut . ............... .......... ............................. 17 N · m (13 lb. ft.) 
Ignition Harness to Solenoid Nut ...................................................................... 2 N·m (18 lb. in.) 
Engine to Negative (-jJ3attery Cable Nut ....................................................... 44 N·m (32 lb. ft.) 
Engine to Negative(-) Battery Cable Bolt ....................................................... 25 N ·m (18 lb. ft.) 
Positive Battery Cable (Hold Down Bracket) Bolt ........................................... 5 N·m (44 lb. in.) 

~ HIGH IMPEDANCE 
MULTIMETER 

SPECIAL TOOLS 

J34029-A 

0 BATTERY SIDE TERMINAL ADAPTERS (PAIRI 
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SECTION 602 

CRANKING SYSTEM 
The following •Notice• applies to one or more steps.in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: •NOTICE: See "'Notice" on page 6D2-1 
of this section.• 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that requite it. If the above conditions are not followed, parts or system damage 
could result. 

CONTENTS 
General Description ......................................... 6D2-1 

Cranking Circuit ....................... ....... ............ 6D2-1 
Starter Motor ............................................... 6D2-1 

Diagnosis ....................................... ................... 6D2-1 
On-V chicle Service ...... ....... .............................. 6D2- l 

Starter Replacement ..................................... 6D2-2 

GENERAL DESCRIPTION 
CRANKING CIRCUIT 
Figure 1 

The cranking circ'ltjt consists of the battery, 
starter motor, ignition switch, and related electrical 
wiring. These components are connected electrically as 
shown in Figure 1. 

STARTER MOTOR 
Figure 2 

In the basic circuit shown in Figure 1, the 
solenoid windings are energized when the switch is 
closed. The resulting plunger and shift lever movement 
causes the pinion to engage the engine flywheel ring 
gear and the solenoid main contacts to close, and 
cranking takes place. When the engine starts, pinion 
overrun protects the armature from excessive speed 
until the switch is opened. at which time the return 
spring causes the pinion to disengage. To prevent 
excessive overrun, the switch should be opened 
immediately when the engine starts. 

DIAGNOSIS 
Before removing any unit in a cranking circuitfor 

repair, perform the diagnosis procedures 
recommended in ELECTRICAL DIAGNOSIS (SEC. 
8A). then check the following items: 

Battery: To determine the condition of the 
battery, follow the testing procedure outlined in 
BATTERY (SEC. 6D1). 

Wiring: Inspect the wiring for damage. ~t 
all connections to the starter. solenoid, ignition switch, 
and battery, including all ground connections. Clean 
and tighten all connections as required. 

Unit Repair .. .................................................... 6D2-4 
Starter Repair .................. .............................. 602-4 

Solenoid ... ...... ....... ....... .. ........................... 6D2-4 
Overrunning Clutch ................................. 602-4 
Disassembly, Test, and Reassembly .......... 6D2-4 

Specifications . ...... .. ........... ............... ................ 6D2-1 l 

Solenoid and Ignition Switch: Inspect all 
switches to determine their condition. 

Cranking or Slow Cranking: If the engine 
does not crank, or cranks slowly, follow the diagnostic 
procedure in ELECTRICAL DIAGNOSIS (SEC. 
SA). If a faulty starter is diagnosed, remove the starter 
and follow test procedures. 

Starter Motor Noise: To correct starter motor 
noise during starting, use the following procedure: 

1. Ref er to Figure 3 to determine the problem. 
2. If the complaint is similar to problem 1 in Figure 

3, correction can be achieved by proper 
"shimming"' as follows: 
a. Check flywheel for damage - bent flywheel, 

unusual wear, etc. 
b. Follow "shimming" procedures in Figure 4. 

Starter Motor: If the battery, wiring and 
switches are in satisfactory condition, and the engine 

. is known to be functioning prol'erly, remove the starter 
and follow the test procedures tn Figures 7 through 12. 

NOTICE: Never operate the starter motor more 
than 30 seconds at a time without pausing to allow 
it to cool for at least two minutes. Overheating, 
caused by excessive cranking, will seriously 
damage the starter motor. 

A general diagnosis is part of the starter testing 
procedure. Once a problem has been trac;ed to the 
starter, proceed to disassembly, test, and reassembly in 
Figures 6. through 12. 

ON-VEHICLE SERVICE 
Starter motors do not require lubrication except 

during overhaul. When the motor is taken apart for any 
reason. lubricate it as follows: 
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1-SHIFT LEVER 
Z-PLUNGER 

3-HOLD IN COIL 

4-PULL IN COIL 

&-SOLENOID 

I-SOLENOID 
SWITCH 
CONTACTS 

7-TO DISTRIBUTOR 
'"BAT-"' TERMINAL 

I-BULKHEAD 
CONNECTOR 

l-8AT.(B+) 

I-IGNITION • 
STARTER SWITCH 

1-BATTERV 

2-CRANKING 
MOTOR 

3-SHtFT COLLAR 

4-PINION 
COMPRESSION 
SPRING 

m 
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m 

; [El .,. 
mJ @] 

15-CLUTCH 

11-PINION 

17-FL VWHEEL 

m 4---t-+------
m 

[ill 

Figure 1 - Cranking Circuit 

1-CONTACT DISC 
2-PLUNGER 
3-SOLENOID 
~RETIJRN SPRING 
5-SHIFT LEVER 
&-BUSHING 
7-PINION STOP 
8-CLUTCH 
9-FIELD COIL 

10-ARMATURE 
11-BRUSH 
12-TERMINALS 

Figure 2 - 50200 Integral Frame Starter 

NOTICE: Do Not clean the clutch in any 
degreasing tank or with grease disolving solvents; 
this will dissolve the lubricant in the clutch 
mechanism. 

• The roll type overrunning clutch requires no 
lubrication. However, the drive assembly should 
be wiped clean. 

• Use silicon grease on the shaft underneath the 
overrunning clutch assembly. 

• Avoid excesive lubric:;ation. 

[I] Important 

• If shims are removed, they m.ust be reinstalled in 
their original location . to ensure proper . drive 
pinion-to-flywheel engagement, refer to Figure 5. 

STARTER REPLACEMENT 

Flgure4 

l+-+I Remove or Disconnect 
I. Negative (-) battery cable. 



PROBLEM 

1. HIGH PITCHED WHINE DURING CRANKING 
(BEFORE ENGINE FIRESI BUT ENGINE 
CAANICS AND FIRES CIC. 

2. HIGH PITCHED "'WHINE" AFTER ENGINE 
FIRES, AS KEY IS BEING RELEASED. 
ENGINE CRANKS ANO FIRES OIC. "{HIS 
INTERMITTENT COMPLAINT JS OFTEN 
DIAGNOSED AS ''STARTER HANG-IN" OR 
"'SOLENOID WEAK ... 

3, A LOUD "WHOO,-• AFTER THE ENGINE 
FIRES BUT WHILE THE STARTER IS STILL 
HELD ENGAGED, SOUNDS LIKE A SIREN IF 
THE ENGINE IS REVVED WHILE STARTER 
IS ENGAGED. 

4. A "'RUMBLE", "GROWLH OR (IN SEVERE 
CASES) A "KNOCK" AS THE STARTER IS 
COASTING DOWN TO A STOP AFTER 
STARTING THE ENGINE. 

CRANKING SYSTEM 8D2-3 

CAUSE 

DISTANCE TOO GREAT BETWEEN STARTER 
PINION ANO FLYWHEEL 

DISTANCE TOO SMALL BETWEEN STARTER 
PINION AND FLYWHEEL FLYWHEEL RUNOUT 
CONTRIBUTES TO THE INTERMITTENT 
NATURE. 

A NEW CLUTCH WILL OFTEN CORRECT THIS 
PROBLEM. 

MOST PROBABLE CAUSE IS A BENT OR 
UNBALANCED STARTER ARMATURE. A NEW 
ARMATURE WILL OFTEN CORRECT THIS 
PROBLEM. 

Figure 3 • Starter Motor Noise Diagnosis 

1. SHIM 
2. BOLTS - 47 N-m 135 LISS. FT.I 
l. STARTER ASM. 
4. NUT - 25 N ■m 111 LBS. FT.I 
5. SHIELD 
6. IOLT-27 N ■m 120 LISS. FT.I 

STARTER NOISE DIAGNOSTIC PROCEDURE 

STARTER NO.ISE DURING CRANKING . REMOVE 
ONE 111 .38 MM (.015"1 DOUBLE SHIM OR ADD 
SINGLE .JS MM 1.015''.l SHIM TO OUTER BOLT 
ONLY, 

HIGH PITCH WHINE AFTER ENGINE FIRES: . 
ADD .38 Mft1 1.015") DOUBLE SHIMS UNTIL 
NOISE DISAPPEARS INOT TO EXCEED 1.U MM 
C.045 .. 1. 

. .t~ .. -~ 
" i 11 

' '\ (' {tt 

IC 

~ .. 
~ 

' r 

........ 

II 

Figure 4 - Starter Mounting 

2. Raise vehicle and suitable support. Refer to 
GENERAL INFORMATION (SEC. 0A). 

3. Attaching bolts/nuts (4 or 6) with washer and 
heat shield (5). 

4. Flywh~ housing cover. 
5. Two starter mounting bolts, (2) and lower starter. 
• Note position of wires, before disconnecting. 

E3 Install or Connect 
NOTICE: See "Notice" on page 6D2-1 of this 
section for steps 2, 4 and 6. 

1. Starter and leads to starter. 

2. Starter mounting bolts (2). 

,~, Tighten 

• Bolts (2) to 47 N •m (35 lb. ft.). 

3. Flywheel housing cover. 

4. Heat shield (5) and attaching bolts (6) or nuts (4) 
with washer. 
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Figure 5 - Rywheel to Pinion Clearance 

rn Important 

• Be careful not to pinch leads between heat 
shield and engine. 

l~I Tighten 
• Bolts (6) to 27 N ·m (20 lb. 'rt.). 
• Nuts (4) to 25 N·m (18 lb. ft.). 

S. Lower car. 
6. Negative(-) battery cable. 

~ Taghttn 

• Cable to 12 N·m (106 Ib. ft.). 

UNIT REPAIR 
STARTER REPAIR 

Figum 6 through 12 

. Starter moton do not require lubrication except 
dunng overhaul When the motor is taken apart for any 
reason, lubricate as follows: 

NOTl~E: Do not clean the clutch in any 
dc:lrcas~g tank, or grease dissolving solvents; this 
will dissolve the lubricant in the clutch 
mechanism. 

• The roll type overrunning clutch requires no 
lubrication; however, the drive assembly should 
be wiped clean. 

• Use silicon grease on the shaft underneath the 
overrunning clutch assembly 

• Avoid excessive lubrication. 

Solenoid 

EJ Remove or DilCOMect 

1. .Field strap. 
2. Solenoid to drive housing attaching screws. 
3. Motor terminal bolt, and remove solenoid from 

starter by twisting. 

E3 Install or Connect 
1. Solenoid to starter with terminal bolt. 
2. Drive housing attaching screws. 
3. Field strap. 

Overrunning Clutch 
1. Test overrunning clutch action. The pinion 

should tum freely in the overrunning direction. 
Check pinion teeth to see that they have not been 
chipped, ~ked, or excessively worn. Replace. 
assembly if necessary. Badly chipped pinion teeth· 
may indicate chipped teeth on the ring gear. This 
should be checked under such conditions and 
replaced if necessary. 

2. Check the overrunning clutch for slipping by 
leaving the clutch attached to the armature. 
Wrap the armature with a shop towel and clamp 
the armature in a vice. Using a 12-point deep 
socket and torque wrench. ·put the socket on the 
clutch and turn counterclockwise. The clutch 
should not slip up to 68 N ·m (50 lb. ft.) of torque. 
If it does, replace the clutch. 

Disassembly, Test and Rea11embly 
For disassembly, test and reassembly. refer to 

Figures 7 through 12. 



1-FRAME-COMMUTATOR ENO 
2-BRUSH ANO HOLDER PKG. 
3-BAUSH 
4-8RUSH HOLDER 
5-HOUSING-ORIVE END 
&-FRAME AND FIELD ASM. 
7-SOLENOtD SWITCH 
I-ARMATURE 
9-DRIVE ASM. 

1G-PLUNGER 
11-SHI FT LEVER 
12-PLU"GER RETURN SPRING 
13-SHIFT LEVER SHAFT 
14-LOCK WASHER 
15-SCREW-BRUSH ATTACHING 
16-SCREW-FIELD LEAD TO SWITCH 
17-SCREW-SWITCH A TT ACHING 
·18-WASHER-BRAKE 

CRANKING SYffiM 8D2-6 

19-THRU BOLT 
20-BUSHING-COMMUTATOR ENO 
21-BUSHING-DRIVE END 
22-PINION STOP COLLAR 
23-THRUST COLLAR 
24-GROMMET 
25-GROMMET 
26-PLUNGER PIN 
27-PINION STOP RETAINER RING 
28-LEVER SHAFT RETAINING RING 

lt1 

Figure 6 - Starter Motor Disassembled View 



802-1 CRANKING SYSTEM 

STARTER MOTOR 
DISASSEMBLY, TEST AND REASS.EMBLY 

(STARTER REMOVED FROM ·ENGINE) 

NO-LOAD TEST 

AMMETER 

BATTERY 

CARBON 
PILE 

The pinion should be checked for freedom of operation by 
turning it on the screw shaft. The armature should be checked for 
freedom of rotation by prying the pinion with a screwdriver. If the 
armature doa■ not turn freely, the motor should be dis
assembled. lftha armature don rotate freely, make a no-lead test 
on the starter before disassembly. 

Make connections as shown. Close the switch and compare 
the RPM, currant. and voltage readings with the specifications. 

If the specified current draw does not lnlcude the solenoid, 
deduct from the ammeter reading the specified current draw of 
the solenoid hold-In winding. Make diaconnections only with the 
switch open. Use the test results as follows: 
1. Rated current draw and ho-load speed indicates normal con

dition of the starter motor. 
2. Low fnte lpeed and high currant draw indicates: 

• Too much friction - tight, dirty, or wom bearings, bent 
armature shaft 

• Shorted armature. Check on a growler after disassembly. 
• Grounded armature or fields. Chack further aher 

disassembly. 

c::::J 

STARTER 
MOTOR 

VOLTMETER 

3. Failure to operate with high current draw indicates: 
• A direct ground in the terminal or fields. 
• •Frozen• bearing■ (this should have been determined by 

turning the armature by hand). 
4. Failure to operate with no current draw Indicates: 

• Open field circuit After disaasembly inspect the igtemal 
connections and tracing circuit with a test lamp. 

• Open armature coils. Inspect the commutator for badly 
burned bars after disassembly. 

• Broken brush springs, worn brushes, high -insulation be
tween the commutator bars or other causes which would 
prevent good contact between the brushes and 
commutator. 

5. low no-load speed and low current draw indicates: 
• High Internal resistance due to poor connections, faulty leads. 

dirty commutator and C8UICII listed under Number 4. 
6. High free speed and high current draw usually Indicate short

ed fields. If shorted fields are suspected, replace the field coll 
assembly. Also check for shorted armature, using a growler. 

K 

Figure 7 • SD2OO and SO3OO Starter Motor Disassembly, Test, and Reassembly ( 1 of 6) 



SNAP RING 

PLUNGER 

CLUTCH ANO 
DRIVE ASM. 

STARTER OISASSEMBL Y 

RETURN 
SOLENOID 

-
--

FIELO FRAME 

c;,• ,s 

CRANKING SYfflM 8D2-7 

ENO FRAME 
INSULATOR 

COMMUTATOR 
END FRAME 

1 11 .►, 
WASHER 

ARMATURE 

7. Remove screw from field coil'connector and solenoid mount
ing 1erews. Rotate aolenoicf 90• and remove along with 
plunger return spring. Solenoid may now be serviced with
out further starter dlsauembly at this rime. 

8. Remove 2 through bolt, then remove commutator end frame 
and washer. 

9. Remove field frame assembly from drive gear houaing. 

REMOVE DRIVE ASSEMBLY FROM SHAFT 

.. ~Ru~ 
FIBER SH~FT WASHER 

qR RETAINER l 
®-~M-

CLUTCH ANO ORIVE RING 
ASSEMBLY 

10. If neceasary to remove overrunning clutch from armature 
shaft. proceed as follows: 
a. Remove thrust washer or collar from armature shaft. 
b. Slide a 518" deep socket or piece of pipe of suitable size 

over shaft against retainer as a driving tool. Tsp tool to 
move retainer off snap ring. 

c. Remove anap ring from groove in shaft. If snap ring is 
distorted, it will be necessary to use a new one on 
reaaembly. 

d. Remove retainer and clutch assembly from armature 
shaft. 

t 1. The shift lever and plunger may be disanembled at this time 
by removing the roll pin. 

It 

Figure 8 - S0200 and S0300 Starter Motor Disassembly, Test, and Reassembly (2 of 6) 



8D2-I CRANKING SYSTEM 

REPLACE BRUSH HO"LDER 

INTEGRAL 
FIELD FRAME 
ASSEMBLY 

ROUTE WIRE 
AS SHOWN 

12. If necessary to replace brush holder parts, proceed as 
follows: 
a. Remove brush holder from brush support. 
b. Remove screw from brush holder and separate brush and 

holder. 
c. Inspect bruih holder for wear or damage. 
d. Replace brushes and/or holders as necessary. 

CLEANING INSPECTION 
AND TESTS 

TESTING SHUNT COi L FOR OPEN 13. Clean all ltllrting motor parts. but DO NOT USE GREASE DIS
SOLVING SOLVENTS FOR CLEANING THE OVERRUNNING 
CLUTCH, ARMATURE, AND FIELD COILS. solvent would dis
aolve the grease ·packed in the clutch and would damage arma
ture and field coil insulation. SHUNT COIL 

CONNECTION 
(ON SOME 
ST ARTE RSI 

BRUSH 

14. Inspect armature commutator, shaft and bushings. overrunning 
clutch pinion, brushes and springs for dlacoloration, damage or 
wear. Replace as required. 

15. Check fit of armature shaft in buahing in drive housing. Shaft 
should fit snugly in the bushing. If the buahing i1 worn, It should 
be replaced. 

18. lnapect armature commutator. If commutator i1 rough, it ahould 
be polished using emery cloth. If commutator Is too rough for 
poliahing or out of round. replace. ln1pect tha points where the 
armature conductors Join the commutator bars to make sure 
they have a good connection. A bu med commutator bar ia uau
ally evidence of a poor connection. 

17. If test equipment is available: 
a. Check the armature for short circuits by placing on growler 

and holding hack saw blade over armature core while arma
ture is rotated. If saw blade vibrates. armature i1 shorted. 
Check after cleaning between the commutator bars. If saw 
blade ltlll vibrates. replace the armature. 

b. Uaing a teat lamp, place one lead on the shunt coil terminal 
and connect the ohter lead to a ground bru1h. Thia test 
ahould be made from both ground brulhfl to inaure con
tinuity through both bru1hn and lead■. If the lamp fall■ to 
light. the field coil ia open and will require replacement. 

k1 

Figure 9 - S0200 and 50300 Starter Motor Disassembly, Test and Reassembly (3 of 6) 



TESTING SERIES COIL FOR OPEN 

INSULATED 
BRUSH 

c. Uaing a test lamp, place one lead on the series c:oil terminal 
and y.e other lead on the insulated brush. If the lamp fails to 
light. the series coll ia open and will require repair or 1'1tplace
ment. Thi■ teat should be made from uch Insulated brush to 
check brush and lead continuity. 

TESTING SERIES COIL FOR GROUND 
THESE TWO TERMINALS 
MUST Iii S&PAIIATED 
AND NOT TOUCHING A 
GROUND DURING TEST 

d. On starters with shunt coil, separate 1erieI and shunt coll 
strap terminals during this test. Do not let strap terminals 
touch case or other ground. Using a test lamp place one lead 
on the grounded brush holder and the other lead on either 
insulated brush. If the lamp lightI, a grounded aeries coil 11 
indicated and must be repaired or replacad. 

CRANKING SYSTEM 1D2-9 

TESTING SOLENOID WINDINGS 

AMMETER 

BATTERY 

e. Check the current draw of the solenoid winding as follows: 
If 10lenoid is not removed from starting motor, the connec

tor strap terminals muat be removed from the terminal on the 
solenoid before mating these tests. Complete tests in a minimum 
of rime to prevent overheating of the solenoid. 

To check hold-in winding, connect an ammeter in series with 
12-volt battery and the "switch" terminal on the ■olenold. Con
nect a voltmeter to the "switch" terminal and to ground. Connect 
carbon pile ICl'QA battery. Adjust the voltage to 10 volt8 and note 
the ammeter reading. It should be 14.5 to 16.5 amperes for all 
starting mators. 

To check both windings, connect aa for previous tnt. 
Ground the solenoid motor terminal. Adfust the voltage to 10 
volt■ and note the ammeter reading. It should be 41 to 47 am
per■s for all starting motors. 

NOTE: Current will decrea■a u winding• heat up. 
Currant draw reading■ that are over ..,ecificatlons Indicate 

1horted turns or a ground In the windings of the ■olenoid \Ind the 
solenoid ■hould be replaced. Current draw readinga that are 
under specifications Indicate exceafve Ntllatance. No reeding 
Indicates In open circuit. Check connection, then replace 101• 
naid if necenary. 

Figure 10 - 5D200 and 5D300 Starter Motor Disassembly, Test, and Reauembly (4 of 8) 



8D2-10 CRANKING SYSTEM 

SOLENOID SWITCH OISASSEMBL V 

~CONTACT 

Wai.. DISC 

,~1)-veR 
~ ' 

~ II 
'rJI 

f. The starter solenoid switch is servtced1 as en 8118fflbly. The 
caver can be removed tj:J inspect the contacts and contact disc 
if necessary. 

STARTER ASSEMBLY 

18. Assemble the armature and clutch as follows: 
a. Lubricate drive end of armature shaft with lubricant 

1960954 or equivalent. 
b. Install the flb9r washer on tha armature shaft. 
c. Slide clutch aaembly onto armature shaft with pinion 

away from armature. 
d. Slide retainer onto shaft wfth cupped side facing the end 

of shaft. 
e. Install snap ring Into groove on armature shaft. 
f. Install thrust washer on shaft. 
g. Position retainer end thrust waeher with snap ring in be

tween. U•ing two pliers, grip retainer and thrust washer 
Qt' collar end aqu,eaze until snap ring i• forced Into retainer 
and is held eecurely in groove in armature shaft. 

19. Lubricate drive gear housing buehing with lubricant 1980954 
or equivalent. ·· 

20. Engage shift lever yoke with clutch and slide complete as
Nmbly into drive gear housing. 
The shift lever mav be Installed In drive gear housing first. 

21. lnatall the shift lever pivot bolt. Tighten aecurely. 
~ Install solenoid assembly. 
23. Apply sealer, No. 1050026 or equivalent to solenoid flange 

where field frame contacts it. 

INSTALLING RETAINER, WASHER AND RING 

24. Po.ition field frame against drive gear housing on alignment
pin u1ll'.'g care to prevent damage to brushes. 

25. Lubricate commutator end-frame bu1hlng with lubricant 
1960964 or equivalent. 

26. Install washer on armature ahaft and slide end frame onto 
shaft. than lnatall and tighten through-bolta. 

27. Connect the field coll connect to the aalenold terminal. 
28. Check pinion clearance ae outlined in Figure 11. 

10007-8Di; • A 

Figure 11 • S0200 and S0300 Starter Motor Disassembly, Test, and Reassembly (6 of 6) 



CHECKING PINION CLEARANCE 
PRESS ON CLUTCH TO 
REMOVE SLACK 

FEELER 
GAGE 

~--11r- 0.25mm to 3.58mm 
(0.10 In. to .140 In.) 
PINION 
CLEARANCE 

CRANKING SYSTEM 802-11 

When the staner motor hN been dlsaaembled or the sole
noid hu been replaced, It i• neceuary to check the pinion 
clNr1lnc:e. Pinion c:lurance muat be correct ta prevent the but
tons on the shift lever yoke from rubbing on the clutch collar 
during cranking. 
29. Dlaconnect the motor field coll connector from the aolenold 

motor tenninal ind lnaul■te It carefully. 
30. Connect one 12 volt bettery lead to the solenoid switch termi

nal and the other ta the starter frame. 
31. Flash I jumper lud momentarily from the aolenofd motor 

terminal to the starter frame. This will shift the pinion Into 
cranking position and it will remain so until the battery is 
dllCOnnected. 

32. Push the pinion back aa far aa ponlble to take up any move
ment. and check the durance with a feeler gage. The clur
ance should be .25mm to 3.158mm 10.10 In. to .140 in.). 
Means for adjusting pinion clearance is not provided on the 

lltartermotar. lfthe clurancedoes not fall within llmit■,checltfor 
Improper in■tallatlon and replace all worn parts. 

Figure 12 - SD200 and SD300 Starter Motor Disassembly, Test, and Reassembly (8 of 8) 

SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

Starter Mounting Bolt ...................................................................................... 47 N·m (35 lb: ft.) 
Starter Attaching Bolt ....................................................................................... 27 N · m (20 lb. ft.) 
Starter Nut ......................................................................................................... 25 N·m (18 lb. ft.) 
Negative(·) Battery Cable .............................................................................. 12 N·m (106 lb. in,) 
Clutch ................................................................................................................ 68 N•m ·(SO lb. ft.) 

STARTER SPECIFICATIONS 

Production Part Number ................................................................................ 10455016 or 199548 
Type SD200 (Formerly 5-Ml) ! 
No Load Test·@ 10 volts 

Amps - Minimum .................................................................................................................... 50 
Amps - Maximum .................................................................................................................... 75 
RPM at Drive Pinion 

Minimum ............................... ·······••oo••··········· ··················'"' ·••·····••·•········ ...................... ..•. 6,000 
Maximum ....................................................................................................................... 11,900 

Production Part Number .......................................... ................ .............. ............... ............•.. 199591 
Type SD300 (Formerly 10-MT) 
No Load Test @ 10 Volts 

Amps - minimum .................................................................................. ...................... .............. 70 
Amps - maximum ................................................................................................................... 110 

RPM at Drive Pinion 
Minimum ........................................................................ ................................................... ... 6,500 
Maximum ........................................................................................................................... 10,700 



CHARGING .SYSTEM 8D~ 1 

SECTION 603 

CHARGING SYSTEM 
The following •Notice• applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology •NOTICE: See •Notice• on page 603-1 
of this section•. 

NOTICE: When fasteners are removed. always reinstall them at the same location from which they were 
removed If a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed. parts or system damage 
could result. 

CONTENTS 
General Description ·····••u• .......... ..... ................ 603-1 
Diagnosis .......•. ...................... ......... ......•.......••.. 603-1 

C:S Generator ............................................... 603-1 
C:S Generator Bench Check ................... ·-··· 603-2 

On-Vehicle Service ........................................... 6D3-2 
Generator Replacement ............................... 603-3 

GENERAL DESCRIPTION 
The CS generator uses a new type of regulator 

which has a built-in fault detection; it does not have a 
diode trio or test hole. Refer to ELECTRICAL 
DIAGNOSIS (SEC. SA) for operation and additional 
charging circuit diagnosis. 

The delta stator, rectifier bridge, and rotor with 
slip rings and brushes arc elcctrically similar to earlier 
generators. A conventional pulley and fan is used to 
cool the slip ring end frame, rectifier bridge and 
regulator. 

Unlike three-wire generators, this generator uses 
only two connections - battery positive and an •L • 
terminal to the charge indicator bulb. Use of •p•, •p•, 
and •s• terminals is optional. The •p• terminal is 
connected to the stator and may be connected 
externally to a tachometer or other device. The •p• 
terminal is connected intemally to field positive and is 
used in service diagnostics. The •s• terminal may be 
connected externally · to a voltage source, such as 
battery voltage. 

~ on other charging systems, the charge 
indicator illuminates when the switch is closed and 
goes out when the engine is running. If the charge 
indicator is illuminated with the engine running, a 
charging system defect ia indicated. Also, the charge 
indicator will be on with the engine running if system 
voltage is too high or too low. 

The regulator voltage setting varies with 
temperature and limits system voltage by controlling 
rotor field current. This regulator switches rotor field 
current on and off at a fixed frequency of about 400 
cycles per second. By varying the on-off time, correct 
average field current for proper system voltage control 
can be obtained. At high speeds, the on-time may be 
10%~ and the off-time 90%. At low speeds, with high 

Power Steering Pump and Generator 
Bracket Replacement ................................ 603-3 

Unit Repair ...................................................... 6D3-3 
CS-130 Generator ........................................ 603-3 

Specifications ··-··.............................................. 603-6 

electrical loads, on-off time may be 90% and 10%, 
respectively. 

DIAGNOSIS 
CS GENERATOR 
Figure 1 

When the CS charging system is operating 
normally, the indicator lamp will come on when the 
engine control switch is turned •oN• and will go out 
when the engine starts. If the lamp operates 
abnormally, or if an undercharged or overcharged 
battery condition occurs, the following procedure may 
be used to diagnose the charging system. Remember 
that an undercharged battery is often caused by 
acceaories being lc:ft on overnight, or if a trunk or 
glove box lamp stays on. Also, remember that this 
generator does not have a test hole and is serviced as 
a complete assembly. 

. Noise from a generator may be caused by a loose 
drive pulley, loose mounting bolts, worn or dirty 
bearings, defective diode or defective stator. 

A basic wiring diagram showing lead connections 
is shown in Figure 1. To avoid damage to the electrical 
equipment, always observe the following precautions: 
• Do not revene connections to the generator. 
• · Do not short across or ground any of the 

terminals in the charging circuit, except as 
directed by the instructions. 

• NEVER operate the generator with the output 
terminal disconnected. 

• Before connecting a charger or a booster battery 
to the vehicle battery, refer to BA TIER Y (SEC. 
6Dl). 

• In some vehicles, a voltmeter may be used instead 
of an indicator lamp. In this case, the item 
pertaining to faulty indicator lamp operation 
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should be omitted from the troubleshooting 
procedure below. 

• Do not attempt to disassemble a CS-130 
generator. Damage to the gen~ could result. 
No service parts are available for the model 
CS-130 generator. 
Trouble in the ~ system will show up as 

one or more of the following conditions: 
Faulty indicator lamp operation. 

- An undercharged battery, indicated by slow 
CIBDking or dark hydrometer. 
An overcharged battery, indicated by electrolyte 
spewing from the vents. 
To diagnose the CS-130 charging system, use the 

following procedure: 
1. V18Ually check belt and wiring. 
2. For vehicles without a charge indicator lamp, go 

to steps. 
3. With engine control switch "ON" and engine 

.stopped, lamp should be on. If lamp is not on. 
detach the harness at the generator and ground 
the "L" terminal. 
• If lamp lights, replace the generator. 
• If lamp does not light, locate open circuit 

between grounding lead and ignition switch. 
Also, check for a faulty bulb. 

4. With engine control switch "ON" and engine 
running at moderate spetd, lamp should be off. 
If lamp is not off, detach wiring harness at 
generator. 
• If lamp goes off, replace generator. 
• If lamp stays on, check for grounded "L • 

terminal wire in harness. 
S. Battery undercharged or overcharged. 

• Detach wiring harness connector from 
generator. 

• With engine control switch "ON" and 
engine not running, connect multimeter 
from ground to "L" terminal. 

• Zero volts indicates open circuit between 
terminal and battery. Repair as required. 

• lleconnect hainess connector to generator 
and nm engine at moderate speed. 

• Measure voltage across battery. If the 
voltage is above 16 volts, replace generator. 

• Tum alJ accessotics • ON" and load battery 
with carbon pile to obtain maximum 
amperage. Maintain voltage at 13 volts or 
above. 
- If within 15 amps of rated output, 

generator is OK. 
- If not within 15 amps of rated output, 

replace the generator. 

CS GENERATOR BENCH CHECK 
Flgur,2 

1. Remove the perator. Refer to •Generator 
Rq,]acement" m this section. 

2. Make connections as shown in Figure 2, except 
leave the carbon pile disconnected. The ground 
polarity of generator and battery must be the 
same. The battery must be fully charged. Use a 

INDICATOR 
LAMP 

I- - - - -
P L I S ,-------

1. 

TRJ 

L 

GENERATOR 

BATTERY 

BAT 

_J 

It 

Figure 1 - CS Charging System Wiring Diagram 

30-500 ohm resistor between battery and "L" 
terminal of the generator. 

3. Slowly incn:asc ·generator speed and observe 
voltage. 
• If the voltage is uncontrolled and increases 

above 16.0 volts, the rotor field is shorted, 
the regulator is defective, or both. A shorted 
rotor field coil can make the regu]ator 
defective. · 

• If voltage is below 16.0 volts, increase speed 
and adjust carbon pile to obtain maximum 
amperage .output. Maintain voltage above 
13.0 volts. 

• If output is within 1 S amps of rated output, 
generator is good. 

• If output is not within 15 amps of rated 
output, generator is defective and requires 
replaceuient. 

ON-VEHICLE SERVICE 
The CS generator does not require periodic 

lubrication. The rotor shaft is mounted on ball bearings 
at the drive end and roller bearings at the slip ring end. 
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1-CARBON PILE 
2-VOk.TMETER 
3-RESISTOR 
4-TESTAMMETER 

&-GENERATOR 
&-BATTERY 
7-CONNECT RESISTOR 

TO UL" TERMINAL 

Figure 2 - Generator Bench Check 

The bearing assemblies are permanently lubricated. At 
periodic in~als, check mounting bolts for tightness 
and inspect belt tension. Refer to COOLING AND 
RADIATOR (SEC. 6B). 

GENERATOR REPLACEMENT 

r,gurss 3 and 4 

For generator replacement, refer to Figure 3 or 
4 as applicable. 

CHARGING SYSTEM 8D33 

POWER STEERING PUMP AND GENERATOR 
BRACKET REPLACEMENT 
Figu,e3 

This bracket is used to mount the generator and 
~wer steering PllDlP on vehicles equipped with fuel 
mjected 4.3L, 5.0L, and S.7L engines. 

E3 Remove or Dlaconnact 
1. Generator. Refer to • Generator Replacement• in 

this section. 
2. Power steering pump. Refer to POWER 

STEERING GEAR AND PUMP (SEC. 3Bl). 
3. Bolts (13, 16 and 20). 
4. Nuts (15 and 18). 
5. Bracket (4). 

E3 Install or Connect 
NOTICE: See •Notice• on page 603-1 in this 
section for steps 2 through S. 

1. Bracket (4) to engine studs. 
2. Nut (18). 

~ Tighten 

• Nut (18) to 33 N ·m (24 lb. ft.). 
3. Bolts (16 and 20). 

,~, Tighten 

• Bolts (16 and 20) to 33 N ·m (24 lb. ft.). 
4. Nut (IS). 

,~, Tighten 

• Nut (IS) to 33 N ·m (24 lb. ft.). 
S. Bolt (13). 

,~, Tighten 

• Bolt (13) to 33 N ·m (24 lb. ft.). 
6. Power steering pump. Refer to POWER 

STEERING GEAR AND PUMP (SEC. 3Bl). 
7. Generator. Refer to "Generator Replacement• in 

this section. 

UNIT REPAIR 
C$130 GENERATOR 

NOTICE: Do not attempt to d!saS8C1Dble a 
CS-130 generator. Damage to the generator could 
result. No service parts arc available for the 
CS-130 generator. 
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25 N•m (19 LB. FT.) 

33 N·m (24 LB. FT.) 20 . 

33N·m l!!I 
(24LB.FT.)¾• 
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§1 BOLT 

Figure 3 - Generator Mounting (VS) 
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Figure 4 - G enerator Mo untlng (VS) 
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-SPECIFICATIONS 

GENERATOR USAGE 

ENGINE EQUIPMENT GEN/MOD AMPERES 
LBS Without A/C 110113918S/CS130 85 

With A/C 1101140/CS130 100 

LO3 WithoutA/C 1101253/CS 130 as 
With A/C 11012S4/CS130 100 

LB9 All 1101255/CSlJ0 105 

L98 All 1101255/CS 130 105 

FASTENER TORQUE SPECIFICATIONS 

. Power Steering Pump and GenenJtor Bracket Attaching 
Nuts and Bolts ............................................................................................... 33 N • m (24 lb. ft.) 
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SECTION 6D4 

IGNITION SYSTEM 
The following "Notice" applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: "NOTICE: See "Notice" on page 604-1 
of this section." 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. Ha fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available. a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and th01e requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 

CONTENTS 
General Description ......................................... 604-1 

IIEI Distributor .. ................ ................. ........ 604-1 
Ignition Timing •.•....•....•.•.................•.....••.. .. 604-1 
Secondary W"uing ......................................... 604-1 
Spark Plugs .................................................. 604-3 

Diagnosis .......................................................... 604-3 
Spark Plugs .................................................. 604-3 
llEI Oistnoutor ........................................... 604-3 

On-Vehicle Service ........................................... 604-3 
llEI Distributor ........................................... 604-3 

GENERAL DESCRIPTION 
The ignition circuit consists of the battery, the 

distn'butor, the ignition switch, the spark plass. and 
the primary and secondary wiring. 

HEI DISTRIBUTOR 
FigurN 1 and 2 

All vehicles use a High Energy Ignition (HEI) 
distributor with Electronic Spark Timing (EST). The 
distributor may have an interior, or integral, ignition 
coil. The ignition coil is in the distributor cap and 
connects through a resistance brush to the rotor. The 
distributor may have an exterior ignition coil instead 
of an integral coil. The ignition coil connects to the 
rotor through a high tension wire. 

The distn'butor has a magnetic pick-up assembly 
located inside the distnoutor which contains a 
penlWJent magnet, a pole piece with internal teeth, 
and a pick-up coil. When tlie teeth of the timer core, 
rotating inside the pole piece,· line up with the teeth of 
the pole piece, an induced voltage in the pick-up coil 
signals the electronic module to trigger the coil 
primary circuit. The primary current decreases and a 
high voltage is induced in the ignition coil secondary 
winding which is directed through the rotor and· 
secondary leads to fire the spark plugs. The capacitor 
in the distn'butor is for radio noise suppression. 

All spark timing chan$es in the HEI (EST) 
distributor are done electromcally by an Electronic 
Control Module (ECM) which monitors information 
from various engine sensors, computes the desired 
spark timing and signals the distributor to change the 

Service Precautions .................................. 604-3 
Distributor with Integral Coil ................. 604-4 
Distributor with Separate Coil •...•......••.. 604-10 

Coil Replacement ............................... 604-10 
IIEI Module ........................................... 604-10 
Pick-Up Coil ........................................... 6D4-11 

Ignition Timing ..•. ........... ..•............•.. ......... 604-11 
Spark Plugs ................................................ 604-11 
Secondary Wiring ....................................... 604-11 

Specifications .................................................. 604-13 

timing accordingly. A back-up spark advance system 
is incorporated to signal the ignition module in case of 
ECM failure. No vacuum or mechanical advance is 
used. 

IGNITION TIMING 
Tuning specifications for each engine are listed in 

Section 6El and 6E2 and on the V chicle Emissions 
Control Information Label. When using a timing light, 
connect an adapter between the spark plug and the 
spark plug wire or use an inductive type pick-up. Do 
not pierce the plug lead. Once the insulation of the 
spark plug cable has been broken. current will jump to 
the nearest ground and the spark _plug will not fire 
properly. Alwaya follow the label procedur• 
when adjusting timing. (Ignition timing 
procedures also follow in On-Vehicle Service.) After 
the timing bas been set, clear the ECM memory as 
called for, as a code will be stored if you disconnect the 
distnoutor EST connector. 

Some engines incorporate a magnetic timing 
probe hole for use with special electronic timing 
equipment. Figure 3 shows the magnetic probe hole. 
Consult manufacturer's instructions for use of this 
equipment. For "Ignition System Check," see Section 
6El. 

SECONDARY WIRING 
The spark plug wiring used with the ignition 

system is a carbon im~ted cord conductor 
encased in an 8 mm (5/16 m.) diameter silicone rubber 
jacket. The silicone wiring will withstand very high 
temperatures and also provides an excellent insulat9r 
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,an tE1 D1STR11UT0R 

1-c»AaTOA 

2-1-TEMINAL 
IIOJULE 

3-MAINIHAFT 
ASS .._V 

• 
4-10-

alMIECTOR 

&-aNER 
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Figure 1 - HEI Distributor (Integral Coil) 

[TI SECONDARY IGNmON COIL WIRE CONNECTOR 

[!] PRIMARY IGNITION COIL WIRE CONNECTOR 

0 4 TERMINAL CONNECTOR 

0 IGNITION COIL 

0 DISTRIBUTOR 

Figure 2 - Distributor and Coil (Typical) 

1-MAGNETIC 
TIMING 
PROIE HOLE 

2- •o• STAMP ON 
POINTER 

3-NOTCH IN PULLEY 

4-MAGNETIC TIMING 
PROBE HOLE ASM. 

&-PULLEY 

8-ASM. MOUNTED TO 
FRONT COVER 

82 D 

Figure 3 - Magnetic Timing Probe Hole 

for the higher voltage of the HEI system. The silicone 
spark plug boots form a tight seal on the plug and the 
l>oot should be twisted 1 /2 turn before 



removing. Care should also be exercised when 
connecting a timing light or other pick-up equipment. 
Do not force anything between the boot and wiring, or 
through the silicone jacket. Connections should be 
made in parallel using an adapter. DO NOT pull on the 
wire to be removed. Pull on the boot or use a tool 
designed for ~ purpose. 

SPARK PLUGS 

Figure4 

The S.OL V-8 uses resistor type spark plugs, but 
the seats are not tapered and require a gasket. 

See Section OB, "Maintenance and Lubrication .. 
for spark plug type and gap sizes. Always replace plugs 
with the correct one listed. 

Normal service is assumed to be a mixture of 
idling, slow speed, and high speed driving. Occasional 
or intermittent highway driving is needed for good 
spark plug performance because it gives increased 
combustion heat that burns away any excess deposits 
of carbon or oxides that have built up from frequent 
idling or continual stop-and-go driving. Spark plugs 
are protected by an insulating boot made of special 
heat-resistant material which covers the spark plug 
terminal and extends downwl}I'd over a portion of the 
plug insulator. These boots pievent flash-over which 
causes engine misfiring. Do not mistake corona 
discharge for flash-over or a shorted insulator. Corona 
is a steady blue light appearing around insulator, just 
above the shell crimp. It is the visible evidence of 
high-tension field, and has no effect on ignition 
performance. Usually it can be detected only in 
darkness. This discharge may repel dust partieles, 
leaving a clear ring on the insulator just above the shell. 
This ring is sometimes mistakenly regarded as evidence 
that combustion gases have · blown out between shell 
and insulator. . 

Spark plugs must operate within certain 
temperature limits if they are to provide the 
performance and service life expected. The spark plug 
selected for an engine is based on the normal service for 
which the engine was designed. (Refer to the 
Maintenance Schedule.) The spark plug may not 
operate satisfactorily under certain other operating 
conditions. For almost' exclusive city driving, a spark 
plug one step higher in heat range might deliver longer 
service life than the spark plug recommended for 
normal operation. Conversely, a spark plug one step 
colder for heavy loads or sustained high speed 
ope~tion may prove more beneficial. 

Three rules to follow in selecting spark plugs for 
an engine in good condition. 

1. Select the spark plug with the heat range 
specified 

2. Should overheating occur, select the spark plug 
specified for the engine but one heat range lower. 

3. H fouling is the problem, selecting a spark plug 
one heat range higher (hotter) could help improve 
the condition. (See Figure 4 for Spark Plug 
Identification Chart.) 

IGNmON SYSTEM 8043 

DIAGNOSIS 
SPARK PLUGS 

Worn or dirty plugs may give satisfactory 
operation at idling speed, but under operating 
conditions they frequently fail. Faulty plugs are 
indicated in a number of ways: poor fuel economy, 
power 1ou, loss of speed, hard starting and generally 
poor engine performance. 

Spark plugs may also fail due to carbon fouling, 
excessive gap, or a broken insulator. 

Fouled plugs are identified by black carbon 
deposits. The black deposits are usually the result of 
slow-speed driving and short runs where sufficient 
engine operating temperature is seldom reached. Worn 
pistons, rings, faulty ignition, over-rich carboretion 
and spark plugs w:hich are too cold will also result in 
carbon deposits. 

Excessive gap wear on plugs of low mileage 
usually indicates the engine is operating at high speeds 
or loads that are consistently greater than normal or 
that a plug which is too hot is being used. Electrode 
wear may also be the result of plug overheating caused 
by combustion ga.,es leaking past the threads due to 
insufficient spark plug torque. Excessively lean 
carburetion will also result in excessive electrode wear. 

Broken insulators are usually the result of 
improper installation or carelessness when regapping 
the plug. Broken upper insulators usually result from 
a poor fitting wrench or an outside impact The 
cracked insulator may not show up right away, but will 
as soon as oil or moisture penetrates the crack. The 
crack is usually just below the crimped part of the shell 
and may not be visible. 

Broken lower insulators usually result from 
carelessness when regapping and generally are visible. 
This type of break may result from the plug operating 
too "hot," which may happen in periods of high-speed 
operation or under heavy loads. When regapping a 
spark plug, always make the gap adjustment by 
bending the ground (side) electrode. Spark plugs with 
broken insulators should always be rep~ 

HEI DISTRIBUTOR 
See Figures S through 9 for distn'butor 

disasserol)ly, test and reassembly of individual 
distn'butor components when the distributor is off the 
vehicle. See •On-Vehicle Service• in this section for 
distributor removal and installation and for component 
removal with distributor in vehicle. See Section 6E for 
HEI and F.Sf diagnosis. 

ON-VEHICLE SERVICE 
HEI DISTRIBUTOR 

Service Precautions 
1. When making compression checks, disconnect 

the ignition switch feed wire at the distributor. 
When disconnecting this connector do not use 
a screwdriver or tool to release the locking tab as 
it may break. 
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SPARK PLUG IDINTIFICATION CHART 

PREFIX 
F-FINELINE 

114 MM 1/8" HEX) 
IWIDISTOR 

R48TS 

THIIEADIIZI 

~~-------i•►_,F~X 

HEAT RANGE 
0.1-2-3468-7-&e 

COLD HOT 
Thi llighs the dlraft. ffll 
"llattr' ffll ... The lows 

-1he cllglt.1he ..._.....WPlul-

C • CclPI.-CoR 
E ,. 8peclal Otlftn Electrodl, E~ Tip 
I. - UXIIANC:h 
M a Spclal Dlllgn Elec1rade 
s - &undid Tip 
T • T__. Seal Shell 0..lgn 
TS • T...,-.d SaltWldt E.-idld Tip . 
X • WldlGap 
z • 1pei:1110ap cu.u.ay Deno• 

Wldla..,l 
I • J'Jtl!l1" CU mm) Gap 
a • J'Jtl!l1"12mml 0. 

a,fflxa .-. camblnad ID Jann lla:h 
dlllgr,adon1 a: SX. CTI, LS8, n:. 

GSII 
Figure 4 - Spark Plug Identification Chart 

2. No periodic lubrication is rcquin:d. Engine oil 
lubricat.c:s the lower bushing and an oil-filled 
reservoir provides lubrication for the upper 
bushing. 

3. The tachometer (f ACH-C) terminal is next to 
the ignition switch (BAT+) connector on the 
distributor cap. 

NOTICE: The tachometer terminal must 
NEVER be alloweq to touch groun~ as damage 
to the module and/or ignition coil can re.,wL 

Some tachometers currently in use may NOT be 
compatible with the· High Energy Ignition 
System. Consult the manufacturer of the 
tachometer if questions arise. 

4. Dwell adjustment is controlled by the module 
and cannot be adjusted. 

S. The material used to construct the spark plug 
cables is very soft. This cable will withstand more 
heat and carry a higher voltage, but scuffing and 
cutting become easier. The spark plug cables 
must be routed com:ctly to prevent chaffing or 
cutting. See the spark plug section of "On-Vehicle 
Service." When removing a spark plug wire from 
a spark plug, twist the boot on the spark plug and 
pull on the boot only. . 

Distributor With Integral Coll a Remove or Dltconnect 

l. Ignition switch battery feed wire and tachometer 
lead (if equi.PJ?Cd) from distn'butor cap. Also 
release the coil connectors from the cap. (DO 
NOT use a screwdriver or tool to release the 
locking tabs.) 

2. Distributor cap by turning four latches 
counterclockwise. Move cap out of the way. 

3. Four terminal ECM harness from distnbutor. 
4. If necessary, rrmovc secondary wires from cap, 

release wiring harness latches and remove wiring 
harness .retainer (Figure 10). The spark plug wire 
numbers are indicated on the retainer. 

5. Distributor clamp screw and hold~wn clamp. 
6. Note position of rotor, then pull distributor up 

until rotor just stops turning counterclockwise 
and again note position of rotor. 

7. Distn'butor. 

IL!J 1n1pect 

• 0-ring seal. Replace if worn or damaged. 

[I] Important 

• To ensure correct timing of the distnoutor, 
the distributor must be installed with the 
rotor correctly positioned as noted. 

If the engine was accidentally cranked after the 
distributor was removed, the following procedure can 
be used for installing: 
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DISTRIBUTOR DISASSEMBLY 
TEST AND REASSEMBLY 

(COIL IN CAP) 

,.COIL IN CAP .. DISTRIBUTOR 

TalMINALS 

[!] AH I CYUNDER EST DISTRIBUTOR WITH COIL-IN-CAP IS 
ILLUSTRATED. 

II] DETACH WIRING CONNECTOR FROM CAP AS SHOWN. 

0 TURN FOUR LATCHES AND REMOVE CAP AND COIL 
ASSEM8L Y F1'0M LOWER HOUSING. 

TESTIIG IGNrTION COIL 

OHMMETER 

0 CONNECT OHMMETER. TEST 1. 

2 

OHMMETER 

[!] READING SHOULD BE ZSIO, OR NEARLY ZERO. IF NOT. 
flEPLACE COIL STEP 8. 

[!] CONNECTOHMMETSIBOTHWAYS. TEST2. USE HIGH 
SCALE. REPLACE COIL ONL V IF BOTH READINGS ARE 
INFINITE. STEP 8. 

[I) IF COIL IS GOOD, GO ro STEP 13. 

GROUND . 
LEAD ~iflil .. _:4ti 
COIL 

SECONDARY 

TACH--a RD 
BAT 

~ REMOVE COll.-COVER ATTACHING SCREWS AND LIFT 
OFF COVER. 

Figure & - Distributor DlsuNmbly, Test and Reassembly - Coll In Cap (1 of 3) 
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IGNITION COIL REMOVED FROM CAP 

IGNmON 
COIL 

REMOVE IGNITION COIL ATTACHING SCREWS ANO LIFT 
COIL WITH LEADS FROM CAP. 

REMOVE IGNITION COIL ARC SEAL. 

CLEAN WITH SOFT CLOTH AND INSPECT CAP FOR 
DEFECTS. REPLACE, IF NEEDED. 

ASSEMBLE NEW COIL ANO COVER TO CAP. 

TESTING PICKUP COIL 
OHMMETER OHMMETER 

MODULE 

ASSEMBLY 

PICKUP COIL LEADS 
OISCONNECTEO 
FROM MODULE 

4-TERMINAL 
CONNECTOR 

LATCH 

TERMINAL 

~ REMOVE ROTOR THEN REMOVE PICKUP COIL LEADS 
FROM MODULE. 

8 CONNECT OHMMETER TEST 1 AND THEN TEST 2. 

E!} FLEX LEADS BY HAND TO CHECK FOR INTERMITTENT 
OPENS. 

[!!} TEST 1-SHOULD READ INFINITE AT ALL TIMES. 
TEST 2-SHOULO READ STEADY AT ONE VALUE WITHIN 
500-1500 OHM RANGE. 
NOTE: OHMMETER MAY DEFLECT IF TURNING SHAFT 

CAUSES TEETH TO ALIGN. THIS IS NOT A DEFECT. 

@] IF PICKUP COIL IS DEFECTIVE, GO TO STEP 18. IF OKAY. 
GO TO SiEP 23. 

DRIVING PIN FROM SHAFT 

MARK DISTRIBUTOR SHAFT AND GEAR SO THEY CAN BE 
REASSEMBLED IN SAME POSITION. 

E!) DRIVE OUT ROLL PIN. 

SHAFT ASSEMBLY REMOVED 

THREE 
ATTACHING 

PICKUP COIL 
LEADS DIS

CONNECTED 
FROM MODULE 

~ REMOVE GEAR AND PULL SHAFT ASSEMBLY FROM 
DISTRIBUTOR. 

KC1007..,,.....IIP 

Figure 6 • Distributor Disassembly. Test and Reassembly• Coil in Cap (2 of 3) 



ALUMINUM NON-MAGNETIC SHIELD REMOVED 

PICKUP COIL 

MODULE 

PICKUP COIL 
LEADS DIS-

e!] REMOVE THREE ATTACHING SCREWS AND REMOVE 
MAGNETIC SHIELD. 

PICKUP COIL REMOVED AND DISASSEMBLED 

MAGNET 

~ REMOVE "C" WASHER RETAINING RING AND REMOVE 
PICKUP COIL, MAGNET AND POLE PIECE. 

IGNITION SYstEM 804-7 

MODULE REMOVED 

SILICONE 
LUBRICANT 

HERE 

§) REMOVE TWO MODULE A TT ACHING SCREWS. AND 
CAPACITOR ATTACHING SCREW. LIFT MODULE, 
CAPACITOR AND HARNESS ASSEMBLY FROM SASE. 

DISCONNECT WIRING HARNESS FROM MODULE. 

CHECK MODULE WITH AN APPROVED MODULE TESTER. 

INST ALL MODULE, WIRING HARNESS, AND CAPACITOR 
ASSEMBLY. USE SILICONE LUBRICANT ON HOUSING 
UNDER MODULE. 

REASSEMBLY 

ASSEMBLE PICKUP COIL AND THIN "C" WASHER. 

ASSEMBLE SHAFT, GEAR PARTS AND ROLL PIN. 

SPIN SHAFT TO INSURE THAT TEETH DO NOT TOUCH. 

LOOSEN, THEN RE-TIGHTEN PICKUP COIL TEETH TO 
EUMINA TE CONTACT If NECESSARY. 

eD INSTALL ROTOR AND CAP. 

~100IID4 ■ RP 

Figure 7 - Distributor Disassembly, Test and Reassembly - Coll In Cap (3 of 3) 
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DISTRIBUTOR DISASSEMBL V 
TEST AND REASSEMBL V 

(SEPARATELY MOUNTED COIL) 
HEIIEST 

DIS1MIUTOR 

1. A TYPtCAL DISTRIBUTOR USED WITH A 
SEPARATELY MOUNTED COIL IS SHOWN. 

TESTING IGNfflON COIL 

1 2 3 

OHMMETER OHMMETER OHMMETER 

2. CHECK IGNmON COIL WITH OHMMETER FOR 
OPENS AND GROUNDS: 

STEP 1. - USE HIGH SCALE. SHOULD READ VERY 
HIGH (INFINITE). IF NOT, REPLACE COIL. 

STEP 2. - USE LOW SCALE. SHOULD READ VERY 
LOW OR ZERO. IF NOT, REPLACE COIL 

STEP 3. - USE HIGH SCALE. SHOULD NOT READ 
INFINITE. IF IT DOES, REPLACE COIL. 

T!S11NG PICKUP COIL 

3. REMOVE ROTOR AND PICKUP COIL LEADS FROM 
MODULE. 

·4. CONNECT OHMMETER PART 1 AND PART 2. 
5. OBSERVE OHMMETER. FLEX LEADS BY HAND TO 

CHECK FOR INTERMITTENT OPENS. 
STEP 1 - SHOULD READ INFINITE AT ALL TIMES. 

IF NOT, PICKUP COIL 1$ DEFECTIVE. 
STEP 2 - SHOULD READ ONE STEADY VALUE 

BElWEEN 500-1500 OHMS AS LEADS ARE FLEXED. . 
BY HANO. IF NOT. PICKUP COIL IS DEFECTIVE. 

ROLL 
PIN 

DRIVING PIN FROM, SHAFT 

8. DRIVE ROLL PIN FROM GEAR AND REMOVE 
SHAFT ASSEMBLY. MARK GEAR AND SHAFT FOR 
CORRECT REASSEMBLY. 

kc1CICJ9.el>4.IM!p 

Rgure 8 - Distributor Disassembly. Test and Reassembly- External Coll (1 of 2) 



REMOVE PICKUP COIL 

PRY OFF RETAINER 

IGNmON SYSTEM 8D41 

MODULE 
REMOVING MODULE 

APPLY SILICONE 
DIELECTRIC GREASE 

DISCONNECT WIRING CONNECTORS FROM 
MODULE. REMOVE TWO SCREWS TO REMOVE MODULE 
TEST MODULE WITH AN APPROVED MODULE TESTER. 

REASSEMBLY 
~ WIPE DISTRIBUTOR BASE AND MODULE CLEAN, 

APPLY SILICONE DIELECTRIC GREASE BETWEEN MODULE 
AND BASE FOR HEAT DISSIPATION. 

E!J ATTACH MODULE TO BASE. ATTACH PICKUP COIL 
CONNECTOR TO MODULE. 

~ ASSEMBLE PICKUP COIL, SHIELD AND RETAINER. 

~ ASSEMBLE SHAFT, GEAR PARTS ANO ROU PIN. 

r.;"'1 TO REMOVE PICKUP COIL REMOVER RETAINER ANO SHIELD ~ SPIN SHAFT TO INSURE THAT TEETH DO NOT 
L.!..J · ' TOUCH POLE PIECE. 
II] LIFT PICKUP COIL ASSEMBLY STRAIGHT UP TO r.:;, 

REMOVE FROM DISTRIBUTOR. L!.!J INST AU ROTOR AND CAP. ic,o,MD4-IM!P 

Figure 9 - Distributor Disassembly, Test and Reassembly - External Coil (2 of 2) 

1. LATCH RELEASE ,.......:::;::;:::v 
2. •ARK PLUG WIRE HOLDER 
3. WIRE HOLDER LOCATING NOTCH 
4. REMOVE SECONDARY WIRING FROM DISffUBUTOR 

CAP BY LIFTING TWO LATCH RELEASE RETAINING 
TABB 

Figure 10 - Secondary Wire Holder Release 

a. Remove No. 1 spark plug. 

b. Place finger over No. 1 spark plug hole and 
crank engine slowly until compression is 
felt. 

c. Ali'11 timing mark on pulley to "O" on 
engine timing indicator. 

d. Turn rotor to point between No. 1 and No. 
8 spark plug towers on distributor cap. 

E3 Install or Con11ect 

1. Distributor. 

NOTICE: See •Notice• on page 604-1 of this 
section. 

2. Distributor hold-down clamp and distributor 
clamp bolt. 

~ Tighten 
• Distributor clamp bolt to 36 N·m (27 lb. 

ft.). 
3. Rotor in the same position at which it was 
removed. 

4. If removed, secondary wires from cap, wiring 
harness latches and wiring hamess·retainer. · 

S. Four terminal ECM harness to distnl>utor. 
6. Connect ignition feed wire. 
7. Distributor cap and spark plug wires. 
8. Check engine timing. 

Integral Ignition Coil 
Figur,5 

a Remove or Disconnect 
1. Distributor cap. 
2. Coil cover attaching screws, and lift off cover. 
3. Coil attaching screws and lift ignition coil and 

leads from cap. rn Important 
• Push up on the coil leads to dislodge them 

from the cap, otherwise they could break. 
4. Arc seal and brush with spring. 
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E3 l~staH or Connect 

1. Brush with spring. 
2. Axe seal. 
3. Coil into cap. 

[I] Important 

• Guide coil leads into cap. otherwise they 
could break. 

4. Coil cover and attaching screws. 
5. Distnbutor cap. 

Rotor 
Figure 1 

E3 Remove or Disconnect 

1. Distributor cap. 
2. Two screws retaining rotor. 
3. Rotor. 

[I] Important 

• The rotor is retained by two screws and is 
provided witJi a slot which fits over a square 
lug on the shaft base so that the rotor can 
be installed in only one position. 

E3 Install or Connect 

1. Rotor. 
2. Rotor and two screws. 
3. Distributor cap. 

Distributor with Separate Coil 

E3 Remove or Disconnect 

1. Negative(-) battery cable. 
2. Wiring harness connectors at the side of the 

distributor cap. 
.3. Distributor cap and move it out of the way. 
• Note pasition of rotor and distn'butor housing in 

relation to engine. 
4. Distributor clamp screw and hold-down clamp. 
5. Distributor. 

E3 Install or Connect 

[I] Important 

• To ensure correct timing of the distributor. 
the distributor must be installed with the 
rotor correctly positioned as noted. 

1. ·Distributor. 
2. Hold-down clamp and distributor clamp screw. 
3. Distributor cap. 
4. Wiring harness connector at the side of the cap. 

· 5. Negative(-) battery 'Cable. 
6. Check ignition timing. 

Coil Replacement 

l++I Remove or Disconnect 
1. Negative(-) battery cable. 

2. Engine control switch and tachometer connectors 
at the coil, if"equipped. · 

3. Coil-to-distributor lead at the coil. 
4. Screws holding the coil bracket and coil to the 

engine. 
5. Coil bracket and coil. 
6. Drill out rivets holding the coil to · the coil 

bracket. 
7. Coil from coil bracket. 

E3 Install or Connect 

1. Coil to coil bracket. 
2. Screws to hold coil to coil bracket. 
3. Coil and coil bracket to engine. 

NO:rlCE: See •Notice• on page 604-1 of this 
section. 

4. Screws to hold coil and coil bracket to engine. 

l~I Tighten 

• Screws to 22 N • m (17 lb. ft.). 
5. Coil-to-distributor lead. 
6. Engine control switch and tachometer connectors 

at the coil. if equipped. 
7. Negative(-) battery cable. 

HEI Module 
Figures 7 and 9 

It is not nee~ to remove the distributor from 
the vehicle. · 

E3 Remove or Di,connect 

1. Distributor cap and rotor. 
2. Pick up coil . 
3. Two module attaching screws, and lift module 

up. 
4. Leads from module. (Observe color code on leads 

as these cannot be interchanged.) 
5. Module. 

[I] Important 

• Do not wipe grease from module or 
distributor base if same module is to be 
replaced. If a new module is to be installed, 
a package of silicone grease will be included 
with it. Spread the grease on the metal face 
of the module and on the distnbutor base 
where the module seats. This grease is 
necessary for module cooling. 

E3 Install or Connect 

1. Module. 
2. Leads to module. 
3; Module attaching screws. 
4. Pick up coil. 
5. Distributor cap and rotor. 



Pick-Up Coll 
• Remove distributor from vehicle and follow 

instructions in Figures S and 6 for a distnl,utor 
with an integral coil and Figures 8 and 9 for a 
distnoutor with an external coil. 

IGNITION TIMING 
The ignition timing marks are located on the 

engine front cover. A saw slot on the balancer indicates 
No. 1 piston position. 

Refer to the V ebicle Emission Control 
Information Label located in the engine compartment. 
Follow all instructions on the label If the label ·is 
unavailable, refer to Specifications Chart in Section 
6El for timing specifications and use the following 
procedures: 

Setting Ignition Tinung 
Figure 11 

~ Adjust 

1. With engine RUNNING at operating 
temperature, and air conditioning off (if 
equipped), ground the diagnostic t.erminal of the 
12 terminal ALDL 

2. With use of a timing light or meter, set timing at 
specified RPM by loosc:nlJ1g the distributor clamp 
bolt and rotating the distributor until specified 
timing is obtained. 

3. Tighten the distn"butor clamp bolt and recheck 
timing to make sure distn"butor was not moved 
during tightening of the bolt. 

4. With the engine still running, unground the 
diagnostic terminal (d' done before engine is shut 
off, no trouble codes will be stored). 

S. Make carburetor adjustments as required. 
Remove the plugs from any disconnected vacuum 
hoses and reconnect hoses. 

Q 

Figure 11 - Grounding the Diagnostic Terminal 

IGNfflON SYfflM 8D4-11 

SPARK PLUGS 
1. Remove screws from plenem, and plenem, if 

equipped. 
2. Remove foreign material from around the spark 

plug holes and remove the spark plugs. 
3. Adjust spark plug gap using a spark ph~g feeler 

gage. Refer to Engine Performance Specification 
Chart or Emission Control Information Label. 

NOTICE: See "'Notice"' on page 604-1 of this 
section. 

4. Install new plugs. 

~ Tighten 
• Spark plugs to 34 N-m (25 lb. ft.) V--6 
• Spark plugs to 30 N•m (22 lb. ft.) V-8 

[I] Important 

Use care when removing spark plug wire boots 
from spark plugs. Twist the boot 1/2 tum before 
removing, and pull on the boot only to remove the 
wire. 

SECONDARY WIRING 
Figure, 12 through 14 

When replacing spark plug cables (secondary 
wiring), route the cables correctly and through the 
proper retainers. Use care when unlocking retainers. 
Failure to route the cables properly can lead to radio 
ignition noise and crossfiring of the plugs, or shorting 
of the leads to ground. 

1. INSERT SCREWDRIVER TO .UNLOCK 
2. RETAINER - DO NOT PULL ON WIRE 

WITH R-=rAtNER LOCKED 

Figura 12 - Unlocking Spark Plug Cabla Retainer 
(Typical) 



104-11 IGNLTION SYSTEM 

#8 #3 

#6 

1-COIL & BRACKET ASM. 

CYL#1 

LEFT 

#8 

1 ~~-

#5 

(} ·, 
' · ·, 

2-DISTRIBUTOR 

13 Spark Plug Cables (V8) Figura -

'". 

3-COILWIRE 

CYL#8 CYL-#4 
CYL#S 

~::ffl\1F-;~-- [I] ~ 

CYL#5 

RIGHT 

#1 

L#3 C bias ical VS) Figure 14 - Spark Plug 

1-COILWIRE 

2-DISTRI BUTOR 

3-COIL 



IGNITION SYSTEM 8D4-13 

SPECIFICATIONS 

TORQUE SPECIFICATIONS 

Spark Plug (V-6) ................................................................................................ 34 N-m (2S lb. ft.) 
Spark Plug (V-8) ............................................................................................... 30 N-m (22 lb. ft.) 
Distributor Clamp Bolt ...................................................................................... 36 N•m (27 lb. ft.) 



ENGINE WIRING 8D6-1 

SECTION 6D5 

ENGINE WIRING 
CONTENTS 

Engine and ECM W'ning Hamess 
Views ............................................................. 605-2 
Left Side Enginc/ECM Wire Harness 

(LB9 and L98) .......................................... 605-2 
Left Side Engine/ECM W'J.I'e Harness 

Detail (LB9 and L98) ......................... ; ..... 605-3 
Engine/ECM W'tre Harness 

Transmission Leads (All Models) ............ 6D5-3 
Right Side Engine/ECM W'm: 

Harness (LB9 and L98) ............................ 605-4 
Right Side Engine/ECM W'1re 

Harness Detail (LB9 and L98) ......... m..... 605-S 
Right Side Engine/ECM Wire 

Harness (LB9 and L98) ............................ 6D5-6 

Refer to ELBCTRICAL DIAGNOSIS (SEC. 
8A)furdetaileddiapostics. 

Fan Extension Harness (LB9 and L98 
with AIC) .... ............................................. 6DS-1 

Left: Side Enginc/ECM W'tte Harness 
(LBS) ............. ............................................ 6D5-8 

Left: Side Engine/ECM Wire Harness 
(LBS) ......................................................... 6DS-9 

Right Side Engine/ECM W'J.I'e 
Harness (LBS) ......................................... 6DS-10 

Right Side Engine/ECM Wm: . 
Harness (LBS) ........ ............................. .... 6DS-1 l 

Left Side Engine/ECM Wire Harness 
(L03) ....................................................... 6D5-12 

Right Side Engine/ECM Wire 
Harness (L03) ......................................... 6D5-13 



8D6-2 ENGINE WIRING 

DJ MAF SENSOR LEAD 

II] INJECTOR CONNECTOR 

[!] MUL Tl•USE BRACKET 

ill WINDSHIELD WASHER PUMP 

[!] FUEL VAPOR CANISTER 

[!] ESC MODULE CONNECTOR 

[2J FUELPUMPRELAY 

[!] MAFSENSORRELAY 

II] MAF BURNOFF RELAY 

~ BULKHEAD CONNECTOR 

61] MANIFOLD TEMPERATURE 
SENSOR JUMPER 

~ COILWIRE 

G:!J EST CONNECTOR 

~ TO TRANSMISSION 

I!!] NUT 

~ GROUNDS 

Ez] STUD 

l!!] EGA TEMPERATURE 
SWITCH CONNECTOR 

E!) WINDSHIELD WIPER MOTOR 

~ 

Agure 1 - Left Side Englne/ECM Wire Harness (LBS and L98) 

16 8 N·m 163 LB. IN.) 



E] COOLANT TEMPERATURE SENSOR 

(!] TO OXYGEN SENSOR 

0 OILPANCUP 

0 01. PRESSOAE/FUEL PUMP 
SWITCH 

C 

Figura 2 - Left Side Englne/ECM Wire Harness Detail 
(LBS and L98) 

EJ BACK-UP CONNECTOR 

[!] MANUAL TRANSMISSION 

0 TCC CONNECTOR 

[I] AUTOMATIC TRANSMISSION 

ENGINE WIRING 8D&-3 

p 

Figure 3 - Englne/ECM Wire Harness Tran1mlulon 
Lead• ·(All Models) 



-IDM ENGINE WIRING 

17 N•m(13 LB. FT.I 

[!] A/C HARNESS CONNECTOR [!] NUT 

[I] POWER FEED CONNECTOR ~ DETONATION SENSOR LEAD 

0 INJECTOR CONNECTORS !ill NUT 

II] GROMMET (TO ECMI [ill POSITIVE I+ I BA 1TERY CABLE 

0 POWER STEERING CONNECTOR IT!] HARNESS STARTER LEADS 

0 COOLANT TEMPERATURE SENSOR CONNECTOR B FAN TEMPERATURE SWITCH 

0 IAC CONNECTOR 

[!] FUEL VAPOR CANISTER CONNECTOR 

Figure 4 • Right Side Engine/ECM Wire Harness (LB9 and L98) 



[I] IGNmON COIL 

[I] TACt4OMETER FILTER 

[I] COMPRESSOR GROUND SWITCH CONNECTOR 

[I] POSITIVE I+ I BATTERY CABLE 

(I] NEGATIVE I - l BATTERY CABLE 

0 EGR CONNECTOR 

[!] IGNmON COIL 

{I] GROUNDS 

0 ENGINE GROUND STRAP 

~ NUT 

Figura 5 - Right Side Engine/ECM Wire Harness Detail (LB9 and L98) 

ENGINE WIRING 8D&-6 

... 

6N·m 10 
153 LB. IN.) 



8D&-e ENGINE WIRING 

E] FAN EXTENSION HARNESS 

0 FANRELAY 

[!] AUTORJSE 

[I] A/C TEMPERATURE SWITCH 

[II ENGINE GROUND 

0 FORWARD LAMP GROUND 

0 SCREW 

[!] POSmVE I+ I BATTERY FEED CONNECTIONS 

Figure 8 - Right Side Englne/ECM Wire Harness {LBS and L98) 
ltC1 p 



[!] FAN ASSEMBLY 

[!] FANRELAY 

0 CONNECTOR, TO ENGINE/ECM HARNESS 

Figure 7 - Fan Extension Harness (L89 and L98 with A/C) 

ENGINE WIRING 8D&-7 



8D&-1 ENGINE WIRING 

[!] INJECTOR HARNESS 

[I] OIL PRESSURE/FUEL PUMP SWITCH 

0 A/C HIGH PRESSURE SAFETY SWITCH 

0 ENGINE TEMPERATURE SWITCH 

0 COLD START INJECTOR CONNECTOR 

[!] TO TRANSMISSION 

[TI BOLT 

0 GROUNDS 

Figure 8 - Left Sida Engina/ECM Wire Hamess (LBS) 
" p 



[!] WINDSHIELD WASHER MOTOR 

II] MULTI-USE BRACKET 

[I] BULKHEAD CONNECTOR 

0 FORWARD LAMP HARNESS 

0 WINDSHIELD WASHER PUMP 

[!] POWER STEERING SWITCH 

0 FUa VAPOR CANISTER LEAD 

[!] FUa PUMP RELAY 

0 FANRELAV 

~ A/C CONTROL RELAY 

l!!:J BULKHEAD RECEPTICLE 

Rgure 9 - Left Side Englne/ECM Wire Harness (LBS) 

ENGINE WIRING 8D6-9 

" p 



805-10 ENGINE WIRING -

lVIEWA,! 

[D IGNmON COIL 

[!] IAC CONNECTOR 

0 TPS CONNECTOR 

0 EVRV CONNECTOR 

[!] OXYGEN SENSOR 

[I] GROMMET ITO ECMI 

ill ENGINE GROUND STRAP 

[!] EST CONNECTOR 

I!] COOLING FAN SWITCH 

~ OXYGEN SENSOR CONNECTOR 

@] ST ARTER LEADS 

@J NUT 

~ NUT 

[El POSITIVE (+I BATTERY CABLE 

Rgura 1 O - Right Sida Engine/ECM Wire Harness (LBS) 

N·ml18LB. IN.J 

1-F-RP 



[!] MAFSENSOR 

0 MAF l:IELAY CONNECTOR 

0 MATSENSORCONNECTOR 

0 AUTOFUSE 

[!] A/C TEMPERATURE SWITCH 

---

[!] JUNCTION BLOCK 

12] POSITTVE I+ I BATTERY CABLE 

[!] ENGINE/ECM HARNESS LEADS 

0 POSITIVE I+ l BATTERY CABLE 

~ NUT 

Figure 11 - Right Sida Englna/ECM Wire Harnaa (LBS) 

ENGINE WIRING 8D&-11. 

.. 

3.2N·m 
,o (28 LB. IN.) 

p 



IDl-12 ENGINE WIRING 

[!] IGNmON COIL CONNECTOR ~ OIL PRESSURE/FUEL PUMP SWITCH 

0 DISTRIBl/TOR E!] OXYGEN SENSOR LEAD CONNECTOR 

0 EST CONNECTOR G!J COOLANT TEMPERATURE SWITCH 

0 WINDSHIELO WIPER MOTOR (!!] POWER STEERING SWITCH 

0 ESC CONNECTOR ~ FUEL VAPOR CANISTER 

[!] FUEL PUMP RELAY (!!] TO TRANSMISSION 

0 COOLING FAN RELAY ~ NUT 

0 MUL Tl-USE BRACKET E?J GROUNDS 

[!] BULKHEAD RECEPTICLE [!!) FORWARD LAMP HARNESS CONNECTOR 

Figure 12 - Left Side Englne/ECM Wire Harness. (L03) 



DJ MAP SENSOR 

(I] A/C HARNESS CONNECTION 

[I] POWER FEED CONNECTOR 

0 EGR SOLENOID 

0 IACLEAD 

[!] INJECTOR CONNECTION 

[I] TPS CONNECTOR 

[!] AIR SOLENOID LEAD 

0 JUNCTION BLOCK 

~ FAN TEMPERATURE SWITCH CONNECTOR 

~ GROMMET (TO ECM) 

~ POSITIVE (+I BATTERY CABLE 

I!!] STARTER LEADS 

B NUT 

I!!] ESCSENSOR 

~ NUT 

E!J ENGINE/ECM HARNESS LEADS 

[!!I POSITIVE I+ l BATTERY CABLE 

~ NUT 

Figure 13 - Right Side Engine/ECM Wire Harness (L03) 

ENGINE WIRING 8D6-13 



DRIVEABIUTY AND EMISSIONS-· FUEL INJECTION 6E-1 

SECTION 6E 

DRIVEABILITY AND EMISSIONS 
GENERAL INFORMATION 

CONTENTS 
DRIVEABILITY AND EMISSIONS CONTROL 6E-1 
EMISSIONS CONTROL INFORMATION 

LABEL • • • • • • • • • • • • • • • • • • • • &E-1 
MAINTENANCE SCHEDULE • • • • • • • • • 6E-2 
BLOCKING DRIVE WHEELS • • • • • • • • • 6E•2 
WHAT THIS SECTION CONTAINS •••••• 6E-2 
VISUAL/PHYSICAL UNOERHOOO 

INSPECTION • • • • • • • • • • • • • • • • 6E-4 
BASIC KNOWLEDGE ANO TOOLS 

REQUIRED • • • • • • • • • • • • • • • • • 6E-4 
Electrostatic Discharge Damage • • • • 6E•4 

DIAGNOSTIC INFORMATION •••••••• 6E-4 
•Service Engine Soon• Light • • • • • • 6E-4 
Intermittent "Service Engine Soon• 

Light • • • • • • • • • • • • • • • • • • • &E-5 
Reading Codes • • • .. • • • • • • • • • • • 6E-5 
Clearing Codes • • • • • • • • • • • • • • • 6E·5 
Diagnostic Mode • • • • • • • • • • • • • 6E-5 
Field Service Mode • • • • • • • • • • • • 6E-6 
ECM Learning Ability • • • • • • • • • • • &E-6 

DRIVEABILITY AND EMISSIONS CONTROL 

The computer command control system, which is 
controlled by the electronic control module (ECM), is 
designed to maintain exhaust emission levels at 
federal standards while providing good driveability 
and fuel efficiency. The functions of the system are 
based on data gathered by sensors and switches 
located throughout the vehicle. The ECM maintains 
control over fuel delivery, ignition, idle air flow, the 
fuel pump and other system components, while 
monitoring the system for faulty operation with its 
diagnostic capabilities. See Figure 1. 

It is important to review the component sections 
and wiring diagrams in Sections "6E2n and "6E3" to 
determine which systems are controlled by the ECM. 

DIAGNOSTIC CIRCUIT CHECK •••••••• 
ALOL "SCAN• TOOLS •••••••••••• 

. Normal (Open) Mode ••••••••••• 
ALDL Mode ••••••••••••••••• 
Factory Test Mode •••••••••••• 

"SCAN• TOOL USE WITH 
INTERMITTENTS •••••••••••••• 

WIRING HARNESS SERVICE ••••••••• 
WIRING CONNECTOR SERVICE ••••••• 

Metri-Pack-Series 150 Terminals ••• 
Weather-Pack Connectors •••••••• 
Compact Three Connectors ••••••• 
Micro-Pack Connectors •••••••••• 

TOOLS NEEDED TO SERVICE THE SYSTEM 
SPECIAL TOOLS •••••••••••••••• 

GENERAL SPEORCA TI0NS ••••••••••• 
DRIVEABILITY AND EMISSIONS SECTIONS 

FUEL INJECTION (TBI) •••••••••••• 
FUEL INJECTION (PORTI ••••••••••• 

6E-6 
6E•7 
6E-7 
6E-7 
6E-7 

&E-7 
6E-7 
6E-8 
6E•9 
6E•9 
6E-9 
6E•9 
&E-10 
6E-11 
&E-15 

6E2-1 
6E3-1 

EMISSIONS CONTROL INFORMATION LABEL 

The underhood Vehicle Emissions Control 
Information label (Figure 2) contains important 
emission speci,tications and setting procedures. In the 
upper_ left corner is exhaust emission information 
which identifies the year, the manufacturing division 
of the engine, the displacement of the engine. in liters, 
the class of vehicle, and type of fuel metering. There is 
also an illustrated emission component and vacuum 
hose schematic. 

This label is located in the engine compartment of 
every General Motors vehicle. Cf the label has been 
removed, it can be ordered from GM Service Parts 
Organization (GMSPOl. 

ALL NEW GENERAL MOTORS VEHICLES ARE CERTIFIED BY THE UNITED STATES 
ENVIRONMENTAL PROTECTION AGENCY AS CONFORMING TO THE REQUIREMENTS OF THE 
REGULATIONS FOR THE CONTROL OF AIR POLLUTION FROM NEW MOTOR VEHICLES. THIS 
CERTIFICATION IS CONTINGENT ON CERTAIN ADJUSTMENTS BEING SET TO FACTORY 
STANDARDS. IN MOST CASES, THESE ADJUSTMENT POINTS EITHER HAVE BEEN 
PERMANENTLY SEALED AND/OR MADE INACCESSIBLE TO PREVENT INDISCRIMINATE OR 
ROUTINE ADJUSTMENT IN THE FIELD. FOR THIS REASON, THE FACTORY PROCEDURE FOR 
TEMPORARILY REMOVING PLUGS, CAPS, ETC .• FOR PURPOSES OF SERVICING THE PRODUCT, 
MUST BE STRICTLY FOLLOWED AND, WHEREVER PRACTICABLE, RETURNED TO THE 
ORIGINAL INTENT OF THE DESIGN. 



&E-2 DRIVEABIUTY AND EMISSIONS - FUEL INJECTION 

I * OPERATING PARAMETERS SENSED I I * SYSTEMS CONTROUED I 
• A/C ·on· or ·otr 
• Engine Coolant Temperature 

• Engine cranlr signal • Air Management 

• Exhaust Oxygen(O2) Sensor • canister Purge 

• Ignition Reference • Exhaust Gas Recirculation (EGA) 

• Crankshaft Position • Elec:tronic SPilrll Timing (EST} 

• Engine Speed (RPM) • Fuel Control 

• • Manifold Absah,te Pressure (MAP) ELECTRONIC 
Idle Air control (IAC) 

Transmission Converter Outch (TCC) • • Parle Neutral Switch (PIN) Position ... CONTROL ~ or Shift Light • System Voltage MODULE 
Electric Fuel Pump • • Throttle Position (TPS) (ECM) • Air Conditioning • Transmission Gear P01itlon 

• Vehicle Speed (VSS) • Engine Cooling Fan 

• Fuel Pump Voltage • Diagnostics 

• Power StNring Pressure • •s.rvke Engine Soon• Light 

• Mass Air Flow (MAF) • Data Output (ALDL) 

• Manifold Air Temperature (MAT) • Electronic Span Control (ESC) 

• EGR Vacuum 

• Engine Knock (ESC) 

• Differential Pressure (VAC) 10-28-87 
• A/C High Side Pressure 

*Not all items are used on all engines. *854879-6£ 

Figure 1 • ECM Inputs and Outputs 

MAINTENANCE SCHEDULE 

Refer to the General Motors Maintenance 
Schedule in Section "OB" of the Chassis Service 
Manual for the maintenance service that should be 
performed to retain em~sion control performance. 

BLOCKING DRIVE WHEELS 

The vehicle drive wheels always should be blocked 
and parking brake firmly set while checking the 
system. 

WHAT THIS SECTION CONTAINS 

This section of the Chassis Service Manual has 
been developed to describe the function and operation 
of the electronic engine control system that controls 
the driveability and emissions of the vehicle. 
Emphasis is placed on the diagnosis and repair of 
problems related to the system_. 

Section "6E" provides general diagnostic 
procedures, diagnostic "Scan" tool use, wiring and 
terminal repair procedures, and descriptions of special 
tools. It then leads into Sections "6E2" and "6E3." 
Section .. 6E2,. deals with engine control systems using 
throttle body injection for fuel delivery and Section 
"6E3" deals with port fuel injection systems. 

Sections .. 6E2" and "6E3" are divided into three 
major sub-sections dealing with diagnosis and repair. 
They can be summarized as follows. 

SECTION A: ORCUIT INFORMATION & DIAGNOSIS 
• Component Locations 
• Wiring Diagrams 
• ECM Terminal End View and Terminal 

Definitions 
• Diagnostic Circuit Check. This must be the 

first step of any diagnostic procedure. 
• Diagnostic Trouble Code Charts with facing 

pages containing circuit diagrams, circuit 
operation information, and helpful diagnostic 
information. 

SECTION 8: DRIVEABIUTY & EMISSIONS SYMPTOMS 
• This sub-section assists in diagnosis of 

intermittent problems or problems which 
don't result in the storing of diagnostic trouble 
codes. It is arranged by ·symptoms of poor 
driveability and emissions and lists possible 
causes of the problems. 

SECTION C: COMPONENT CHECKS & SERVICE 
• Component and Circuit Descriptions 
• On-car Service 
• Functional Checks/Diagnostic Charts 



LABEL CODE 

ENGINE SIZE 

-ORIVEABIUTY AND EMISSIONS - FUEL INJECTION &E-3 

ADJUSTMENT 
PROCEDURE 

.. Al.WAYS REFER TO THE VEHICLE EMISSION CONTROL INFORMATION LABEL 
FOR THE CORRECT AND MOST CURRENT SPECIFICATIONS"·. 

---EVAPORATIVE EMISSION SYSTEM 

--------EXHAUST EMISSION SYSTEM 

1G • ~htvrpl,S 
2G .. on11ac 
3G • Old1mobile 
•G • Buick 

. &G • Cadillac 

M 

VEHICLE CLASS AND STANDARDS 
V • G11ol1ne Veflicle 
W • Cahf Std Gualine Vehiele 
T • GalOliM Truck 
D • o-• Vehocle 
E • 100K Calif. Std. Dinel Vehiele 
K • Diesel Truc:k 

FUEL METIRING 
1 • 1bbl 
2 - 2bbl 
• • 'bbl 

9: D!, . -"' I • PFI Turtle 

Figure 2 • Vehicle Emission Control Information Label 

CHECKSUM 
DIGIT 

CATALYST DESCllll'TION 

753395-iE 
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VISUAL/PHYSICAL UNDERHOOD INSPECTION 

A careful visual and physical underhood 
inspection must be performed as part of any 
diagnostic procedure or in finding the cause of an 
emissions test failure. This can often •ead to fixing a 
problem without further steps. Inspect all vacuum 
hoses for correct routing, pinches, cuts, or disconnects. 
Be sure to inspect hoses that are difficult to see 
beneath the air cleaner, compressor, generator, etc. 
Inspect all the wires in the engine compartment for 
proper connections, burned or chafed spots, pinched 
wires, or contact with sharp edges or hot exhaust 
manifolds. This visual/physical inspection is very 
important. "rt must be done carefully and thoroughly. 

BASIC KNOWLEDGE AND TOOLS REQUIRED 

To use this manual most effectively, a general 
understanding of basic electrical circuits and circuit 
testing tools is required. One should be familiar with 
wiring diagrams, the meaning of voltage, ohms, amps, 
the basic theories of electricity, and understand what 
happens in an open or shorted wire. 

To perform system diagnosis, the use of a 
diagnostic "Scan" tool is required. A tachometer, test 
light, ohmmeter, digital voltmeter with io megohms 
impedance, vacuum gauge, and jumper wires are also 
required. Please become acquainted with the tools 
and their use before attempting to diagnose a vehicle. 
Special tools which are required for system service 
and the ones described above are illustrated at the end 
of this section. 

Electrostatic Discharge Damage 

Electronic components used in control systems are 
often designed to carry very low voltage, and are very 
susceptible to damage caused by electrostatic 
discharge. It is possible for less than 100 volts of static 
electricity to cause damage to some electronic 
components. By comparison, it takes as much as 4,000 
volts for a person to even feel the zap of a static 
discharge. . 

There are several ways for a person to become 
statically charged. The most common methods of 
charging are by friction and by induction. An example 
of charging by friction is a person sliding accross a car 
seat,-in which a charge.of as much as 25,000 volts can 
build up. Charging by induction occurs when a person 
with well insulated shoes stands near a highly 
charged object and momentarily touches ground. 
Charges of the same polarity are drained off, leaving 
the person highly charged with the opposite polarity. 
Static charges of either type can cause damage, 
therefore, it is important to use care when handling 
and testing electronic components. 

NOTICE: To prevent possible Electrostatic 
Discharge damage: 

• Do Not touch the ECM connector pins or
soldered components on the ECM circuit 
board. 

• When handling a PROM, CAL-PAK or 
ME.M-CAL, Do Not touch the component 
leads, and Do Not remove integrated 
circuit from carrier. 

DIAGNOSTIC INFORMATION 

The •diagnostic "trouble tree" charts and 
functional checks in this manual are designed to 
locate a faulty circuit or component through logic 
based on the process of elimination. The charts are 
prepared with the requirement that the vehicle 
functioned correctly at the time of assembly and that 
there are no multiple failures. 

The ECM performs a continual self-diagnosis on 
certain control functions. This. diagnostic capability is 
complemented by the diagnostic procedures contained 
in this manual. The ECM's language for 
communicating the source of a malfunction is a 
system of diagnostic trouble codes. The codes are two 
or three digit numbers that can range from 12 to 999. 
When a malfunction is detected by the ECM, a code is 
set and the "Service Engine Soon" light is illuminated. 

"Service Engine Soon" Light 

This light is on the instrument panel and has the 
following functions. 
• It informs the driver that a problem has occurred 

and that the vehicle should be taken for service as 
soon as reasonably possible. 

• It displays "Trouble Codes" stored by the ECM 
which help the technician diagnose system 
problems. 

• It indicates "Open Loop" or "Closed Loop" 
operation. 
As a bulb and system check, the light will come 

"ON" with the key "ON" and the engine not running. 
When the engine is started, the light will turn "OFF." 
Ir the light remains "ON," the self-diagnostic system 
has detected a problem. ff the problem goes away, the 
light will go out in most cases after 10 seconds, but a 
Trouble Code will remain stored in the ECM. 

When the light remains "ON" while the engine is 
running, or when a malfunction is suspected due to a 
driveability or emissions problem, a "Diagnostic 
Circuit Check" must be· performed. The 
procedures for these checks are given in Section "A" of 
"6E2" and "6E3." These checks will expose 
malfunctions which may not be detected if othe,r 
diagnostics are performed prematurely. 



DRIVEABIUTY AND EMISSIONS - FUEL INJECTION &E-5 

Intermittent •service Engine Soon• Light 

In the case of an: "intermittent" problem, the 
"Service Engine Soon" light will light for ten (10) 
seconds and then will go out. However, · the 
corresponding trouble code will be stored in the 
memory of the ECM until the battery voltage to the 
ECM has been removed. When unexpected codes 
appear during the code reading process, one can 
assume that these codes were set by an intermittent 
malfunction and could be helpful in diagnosing the 
system. 

An intermittent code may or may not re-set. If it 
is an intermittent failure. a Diagnostic Trouble Code 
Chart is not used. Consult the "Diagnostic Aids" on 
the page facing the diagnostic chart corresponding to 
the intermittent trouble code. Section "B" also covers 
the topic of "lntennittents." A physical inspection of 
the applicable sub-system most often will resolve the 
problem. 

Reading Codes 

The provision for communicating with the ECM is 
the Assembly Line Diagnostic Link (ALDL) connector 
(See Figure .A-4). It is usu'ally located under the 
instrument panel and is sometimes covered by a 
plastic cover labelled "DIAGNOSTIC CONNECTOR." 
It is used in the assembly plant to recieve information 
in checking that the engine is operating properly 
before it leaves the plant. The code1s1 stored in the 
ECM's memory can be read either through a hand
held diagnostic scanner plugged into the ALDL 
connector or by counting the number of flashes of the 
"Service Engine Soon" light when the diagnostic 
terminal of the ALDL connector is grounded. The 
ALOL connector terminal "B" (diagnostic terminal) is 
the second terminal from the right of the ALDL 
connector's top row. The terminal is most easily 
grounded by connecting it to terminal "A" (internal 
ECM ground), the terminal to the right of terminal 
"Bn on the top row of the ALDL connector. 

Once terminals "A" and "Bn have been connected, 
the ignition switch must be moved to the "ON:" 
position, with the engine not running. At this point, 
the "Service Engine Soon" light should flash Code 12 
three times consecutively. This would be the 
following flash sequence: "flash, pause, flash-flash, 
long pause, flash, pause, flash-flash, long pause, flash, 
pause, flash-flash," Code 12 indicates that the EC M's 
diagnostic system is operating. If Code 12 is not 
indicated, a problem is present within the diagnostic 
system itself, and should be adressed by consulting the 
appropriate diagnostic chart in Section "A". 

· Foilowing_ the output of Code 12, the "Service 
Engine Soon" light will indicate a _diagnostic trouble 
code three times if a code is present. or it will simply 
continue· to o_utput Code 12. If more than one 
diagnostic trouble code has· been stored in the· ECM's 
memory, the codes will be output from the lowest to 
the highest, with .each code being displayed three 
times. 

Clearing Codes 

To clear the codes from the memory of the ECM, 
either to determine if the malfunction will occur again 
or because repair has been completed, the ECM power 
feed must be disconnected for at least thirty (30) 
seconds. Depending on how the vehicle is equipped, 
the ECM power feed can be disconnected at the 
positive battery terminal '"pigtail", the inline 
fuseholder that originates at the positive connection 
at the battery, or the ECM fuse in the fuse block (The 
negative battery terminal may be disconnected, but 
other on-board memory data, such as pre-set radio 
tuning, will also be lost.) 

CAUTION: To prevent ECM damage, the key 
must be "OFF" when disconnect• 
ing or reconnecting ECM power. 

When using a hand-held diagnostic scanner, or 
"Scan" tool to read the codes, cle.aring the diagnostic 
trouble codes is done in the same manner as in the 
above procedure. 

Diagnostic Mode 

When the Diagnostic terminal is grounded with 
the ignition "ON" and the engine "OFF," the system 
will enter what is called the Diagnostic Mode. In this 
mode the ECM will 
1. Display a Code 12 by flashing the "Service Engine 

Soon• light {indicating the system is operating 
correctly). 

2. Display any st.ored trouble codes by flashing the 
"Service Engine Soon" light. Each code will be 
flashed three times, then Code 12 will be flashed 
again. 

3. Energize all ECM controlled relays and solenoids 
except fuel pump relay. This allows checking 
circuits which may be difficult .to energize without 
driving the vehicle and being under particular 
operating conditions. 

4. The IAC valve moves to its fully extended position 
on most models, blocking the idle air . passage. 
This is useful in checking the minimum idle 
speed. 
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TERMINAL IOE NTIFICA TION 

~GROUND 

(!:] DIAGNOSTICTERMINAL 

~ A.I.R. (IF USED) 

r.::7 SERVICE ENGINE 
L.:.J SOON LIGHT (IF USED) 

~ SERIALDATA 

[!] TCC (IF USED) 

@] FUEL PUMP (IF USED) 

8 SERIAL DATA (IF USED) 

*6S 2615-6£ 

Figure 3 • ALDL Connector 

Field Service Mode 

If the diagnostic terminal is grounded with the 
engine running, the system will enter the Field 
Service mode. In this mode, the "Service Engine 
Soon" light will indicate whether the system is in 
"Open Loop" or "Closed Loop." 

In "Open Loop" the "Service Engine Soon" light 
flashes two and one-half times per second. · 

In "Closed Loop," the light flashes once per second. 
Also, in "Closed Loop," the light will stay "OFF" most 
of the time if the system is running lean. It will stay 
"ON" most of the time if the sys'tem is running rich. 

While the system is in Field Service Mode, new 
trouble codes cannot be stored in the ECM and the 
"Closed Loop" timer is bypassed. 

ECM Leaming Ability 

The ECM has a "learning" ability which allows it 
t.o make corrections for minor variations in the fuel 
system to improve driveability. If the battery is 
disconnected, to clear diagnostic codes or for other 
repair, the "learning" process resets and begins again. 
A change may be noted in the vehicle's performance. 
To "teach" the vehicle,: ensure that the engine is at 
operating temperature. , The vehicle should be driven 
at part throttle, with moderate acceleration and idle 
conditions until normal performance returns. 

DIAGNOSTIC CIRCUIT CHECK 

After the visual/physical underhood 
inspection, the "Diagnostic Circuit Check" is the 
starting point for all diagnostic procedures or 
finding the cause of an emissions test failure. 

The correct procedure to diagnose a problem is to 
follow three basic steps. · 
1. Are the On-Vehicle Diagnostics working? This is 

determined by performing the "Diagnostic Circuit 
Check." Since this is the starting point for the 
diagnostic procedures or finding the cause of an 
emissions test failure, always begin here. 

IGNITION ·oN·, ENGINE-OFF-. ' 
IS THE ·seRVICE ENGINE SOON~ (SES) LIGHT ·0N·1 . 

ER ALDL TERMINALS A & 8. f USE CHART A~t. 1 
ES SES LIGHT FLASH CODE 12? -------------

REFER TO APPtlCABLE 
CODE CHART. START 
WITH LOWEST CODE. 

10-5-87 
*7S3380-61 

i . i 
1 USE CHART,A-2. 1 ia----------~ 

~- -------- ... ! USE CHART A-2. : .. __________ _ 

-- ---------: USE CHA~T A-3. : 
..----------~ 

•soN• SERIAL DATA. 
REPAIR AS NECESSARY. IF 
AU OK. SEE DRIVEABILITY 
SYMPTOMS IN SECTION B 
OR COMPONENT SYSTEMS 
IN SECTION C. 

Figure 4_• Diagnostic Circuit Check 

If the On-Vehicle Diagnostics aren't working, the 
"Diagnostic Circuit . Check" will lead to a 
diagnostic chart in Section "A" to correct the 
problem. If the On-Vehicle Diagnostics are 
w:orking correctly, the next step is 

2. Is there a Trouble Code st.ored? If a trouble code is 
st.ored, go directly to the numbered code chart in 
Section ''A". This will determine if the fault is 
still present. Ifno trouble code is stored, then 

3. "Scan" Serial Data transmitted by the ECM, 
This involves reading the information available 
on the Serial Data Stream with one of the tools 
available for that purpose. Information on these 
t.ools and the meaning of the various displays can 
be found in the succeeding paragraphs. Expected 
readings under a particular operating condition 
can be found on the facing page of the Diagnostic 
Circuit Check. . 
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ALDL •sCAN• TOOLS 

The ECM can communicate a variety · of 
information through ALDL connector terminals "E" 
or .. M" (depending on the engine). This data is 
transmitted at a high frequency which requires a 
"Scan" tool for interpretation. There are several 
"Scan" tools available for reading this information. 

With an understanding of the data which the tool 
displays, and knowledge of the circuits involved, the 
tool can be very useful in obtaining information which 
would be more difficult or impossible to obtain with 
other equipment. 

.. Scan" tools do not make the use of diagnostic 
charts unnecessary, nor can they indicate exactly 
where a problem is in a particular circuit. Trouble 
Tree Charts incorporate diagnosis procedures using a 
"Scan" tool where possible and most charts require the 
use ofa .. Scan,, tool when it is applicable. 

A '"SCAN• TOOL THAT DISPLAYS FAULTY 
DATA SHOULD NOT BE USED AND THE 
PROBLEM SHOULD BE REPORTED TO THE· 
MANUFACTURER. THE USE OF A FAUL TY 
·scAN- TOOL CAN RESULT IN 
MISDIAGNOSIS AND UNNECESSARY PARTS 
REPLACEMENT. 

ECM's have three modes for transmitting 
information. The following information will describe 
the system operation in each of the three modes. 

Normal (Open) Mode 

On engines that can be monitored in the "Open" 
mode, certain parameters can be observed without 
changing the engine operating characteristics. The 
parameters capable of being read vary with engine 
families. Most "Scan" tools are programmed so that 
the system will go directly int.a the ALDL mode if the 
"Open" mode is not available. 

ALDLMode 
(Also Called 1 OK or Special) 

In this mode, all obtainable data is readable. 
However, in this mode, the system operating 
characteristics are modified as follows. 

• "Closed Loop" timers are bypassed. 
• EST (spark) is advanced. 
• PIN restrict functions are disabled. 
• IAC valve controls engine idle to 1000 rpm ± 

50 rpm (if applicable). 
• On some engines, canister purge solenoid is 

enabled. 

·Factory Test Mode· 
(Also Called Back-up or 3.9 Kl 

In this mode, the-ECM is operating on the fuel 
back-up logic used to control the fuel delivery if the 
ECM fails_-- This -mode verifies that the back-up 
feature is OK. The parameters that can be read on a 
"Scann tool in this mode are not of much use for 
service. 

•sCAN• TOOL USE WITH INTERMITTENTS 

In some "Scan" tool applications, the data update 
rate makes the tool less effective than a voltmeter, 
such as when trying to detect an intermittent problem 
which lasts for a very short time. However, the "Scan" 
tool does allow one to manipulate wiring harnesses or 
components under the hood with the engine not 
running, while observing the .. Scan" tool's readout. 

The "Scan" tool can be plugged in and observed 
while driving the vehicle under the condition when 
the "Service Engine Soon" light turns "ON" 
momentarily or when the engine driveability is 
momentarily poor. If the problem seems to be related 
to certain parameters that can be checked on the 
"Scan" tool, they should be checked while driving the 
vehicle. If there does not seem to be any correlation 
between the problem and any specific circuit, the 
"Scan" tool can be checked on each position, watching 
for a period of time to see if there is any change in the 
readings that indicates intermittent operation. 

The "Scan" tool is also an easy way to compare the 
operating parameters of a poorly operating engine 
with those of a known good one. For example, a 
sensor may shift in value but not set a trouble code. 
Comparing the sensor's readings with those of a 
known good vehicle may uncover the problem. 

The "Scan" tool has the ability to save time in 
diagnosis and prevent the replacement of good parts. 
The key to using the "Scan" tool successfully for 
diagnosis lies in the technician's ability t.o understand 
the system he is trying to diagnose as we 11 as an 
understanding of the "Scan" tool's operation and 
limitiations. The technician should read the tool 
manufacturer's operating manual to become familiar 
with the tool's operation. 

WIRING HARNESS SERVICE 

Wire harnesses should be replaced with proper 
part number harnesses. When signal wires are spliced 
into a harness, use wire with high temperature 
insulation only. See Figure 5 for instructions. 

With the low current and voltage levels found in 
the system, it is important that the best possible bond 
be made at all wire splices by soldering the splices as 
shown. 
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TWISTED/SHIELDED CABLE 

y ___ OUT __ E_R_JA_c_K_ET_ 

MYLAR 

0~ 

1. REMOVE OUTER JACKET. 
2. UNWRAP ALUMINUM/MYLAR TAPE DO NOT 

REMOVE MYLAR. 

3; UNTWIST CONDUCTORS. STRIP INSULATION AS 
NECESSARY. 

DRAIN WIRE 

4. SPLICE WIRES USING SPLICE CLIPS ANO ROSIN CORE 
SOLDER. WRAP EACH SPLICE TO INSULATE. 

5. WRAP WITH MYLAR AND CRAIN (UNINSULATED) WIRE. 

[l t11 
8. TAPE QVER WHOLE BUND!:,E TO SECURE AS BEFORE. 

TWISTED LEADS 

1. LOCATE DAMAGED WIRE. 
2. REMOVE INSULATION AS REQUIRED. 

SPLICE & SOLDER 

C: ;t==b;g -3 

3. SPLICE TWO WIRES TOGETHER USING SPLICE 
CLIPS AND ROSIN CORE SOLDER. 

4. COVER SPLICE WITH TAPE TO INSULATE 
FROM OTHER WIRES, 

5. RETWIST AS BEFORE AND TAPE WITH 
ELECTRICAL TAPE AND HOLD IN PLACE. 

4S 0570-6E 

Figure 5 • Wiring Harness Repair 

Use care when probing a connector or replacing 
connector terminals. lt is possible to short between 
opposite terminals. lf this happens, certain 
components can be damaged. Always use jumper 
wires between connectors for circuit checking; NEVER 
probe through connector seals, wire insulation, 
secondary ignition wires, boots, nipples, or covers. 
Even microscopic damage or holes may result in 
eventual water intrusion, corrosion and/or component 
or circuit failure. 

r------------------~ I A . I 
I I 
I ---.-~== I 

i =~=,jJiii;;.~--;-~ ~ i 
I L.:.J I L-~----------------~ 

WIRING CONNECTOR SERVICE 

:Most connectors in the engine compartment are 
protected against moisture and dirt which could create 
oxidation and deposits on the terminals. This 
protection is important because of the very low voltage 
and current levels found in the electronic system. The 
connectors have a lock which secures the male and 
female terminals toget}ler. A secondary lock holds the 
seal and terminal into the connector. 

r--------------1 

1. METRl•PACK SERIES 
150 FEMALE TERMINAL 

3. TOOLJ356890RBT-3446 

4. CONNECTOR BODY 

2. LOCKING TANG 5. SEAL 

Figure 6 • Metri-Pack Series 150 Terminal Removal 

10-21-87 
·753213·6E 
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PEMALE ~E 

/CONNECTOR CONNECTOR 
IIODY 

~~ 
BODY 

J: 
,. OPEN •CONDARY LOCK HINGE ON CONNECTOR -• 
~;~ 

_,,_ . 

V 
. z. REMOVE TERMINAL USING TOOL --r ••• PUSH TO 

RELEASE • 

TERMINAL RDC>VAL 
TOOL J.28742 

3. CUT WIRI IMIIEDIATEL Y •EHIND CABLE SEAL 

c~•• 
4. RIPLACI TERMINAL 

A. SLIP NEW SEAL ONTO WIRE. 
a. STRIP 5 mm 1.2'") OF INSULATION FROM WIRE, 
C. CRIMP TERMINAL OVER WIRE AND SEAL. 

~~&EAL 

L PUSH TERMINAL AND CONNECTOR AND 
ENGAGE LOCKING TANGS. .. CU>II .CONDARY LOCK HINGE 5S155WE 

Figure 7 - Weather-Pack Terminal Repair 

When diagnosing, open circuits are often diftlcult 
to locate by sight because oxidation or terminal 
misalignment are hidden by the connectors. .Merely 
wiggling a connector · on a sensor or in the wiring 
harness may locate the open circuit condition. This 
should always be considered when an open circuit or 
failed sensor is indicated. Intermittent problems may 
also be caused by oxidized or loose connections. 

Before making a connector repair, be certain of the 
type of connector. Weather-Pack and Compact Three 
connectors look similar but are serviced differently. 
Replacement connectors and terminals are listed in 
Group 8.965 of the Standard Parts Catalog. 

Metri-Pack Series 150 Terminals 

Some ECM harness connectors contain terminals 
called Metri-Pack (Figure 6). These may be used at 
the coolant sensors as well as at ignition modules. 

Metri-Pack terminals are also called "Pull-To
Seat" terminals because to install a terminal on a 
wire, the wire is first inserted through the seal (5) and 
connector ( 4). The terminal is then crimped on the 
wire, and the terminal pulled back into the connector 
to seat it in place. 

To remove a terminal: 
1. Slide the seal back on the wire. 
2. Insert tool (3) BT-8518, J 35689, or 

equivalent as shown in insert "An and .. Bn 
to release the terminal locking tang (2) . 

3. Push the wire and terminal out through 
the connector. 

If the terminal is being reused, reshape the 
locking tang (2). 

Weather-Pack Connectors 

Figure 7 shows a W eaUier-Pack connector and the 
tool (J-28742. BT-8234-A or equivalent) required to 
service it. This tool is used to remove the pin and 
sleeve terminals. If terminal removal is attempted 
with an ordinary pick, there is a good chance that the 
terminal will be bent or deformed, and unlike 
standard blade type terminals, these terminals cannot 
be straightened once they are bent. 

Make certain that the connectors are properly 
seated and all of the sealing rings in place when 
connecting leads. The hinge-type flap provides a 
secondary locking feature for the connector. It 
improves the connector reliability by retaining the 
terminals if the small terminal lock tangs are not 
positioned properly. 

Weather-Pack connections cannot be replaced 
with standard ~nnections. Instructions are provided 
with Weather-Pack connector and terminal packages. 

Compact Three Connectors 

The Compact Three connector, which looks similar 
to a Weather-Pack connector, is not sealed and is used 
where resistance to the environment is not required. 
This type of connector most likely is used at the AIR 
control solenoid. Use the standard method when 
repairing a terminal. Do not use the Weather-pack 
terminal tool J-287 42. 

Micro-Pack Connectors 

Micro-Pack terminal (Figure 8) replacement 
requires"the use of special tool J-33095, BT-8234-A or 
equivalent. 



&E .. 10 . DRIVEABILITY AND EMISSIONS - FUEL INJECTION 

OJ CABLE 

W TERMINAL 

IT] LOCKINGTANG 

m TOOL J33095 

1. GRASP CABLE ANO PUSH TERMINAL 
TO THE MOST FORWARD POSITION. 

2. INSERT TOOL J33095 STRAIGHT INTO 
THE FRONT OF THE CONNECTOR CAVITY. 
DO NOT USE CONVENTIONAL PICK TO REMOVE 
l:ERMINAL. . 

3. WITH TOOL IN PLACE, GENTLY PULL 
ON THE CABLF. TO REMOVE TERMINAL 

4. VISUALLY CHECK TERMINAL AND 
REPLACE IF TERMINAL CAVITY OR TANG 
IS DAMAGED. 

5. INSTALL TERMINAL INTO CONNECTOR 
CAVITY UNTIL LOCKING TANG HAS 
SNAPPED INTO POSITION. 

Figure 8. Micro-Pack Terminal Replacement 

TOOLS NEEDED TO SERVICE THE SYSTEM 

The system requires an "Scan~ tool, tachometer, 
test light, ohmmeter, digital voltmeter with· 10 
megohms impedance (J-29125A, J-34029A or 
equivalent), vacuum gage and jumper wires for 
diagnosis. · A test light or voltmeter must be used 
when specified in the procedures. See Figures 9 
through 13 for Special Tools needed to diagnosis or 
repair a system. For more complete information on 
the operation of these tools, consult the tool 
manufacturer's instructions. 

551418-&E 



HIGH IMPEDANCE MULTIMETER 
(DIGITAL VOLTMETER-DVM) 

J34029-A 
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VOLTMETER - Voltage position measures 
magnitude of voltage when connected in parallel 
to an existing circuit. A digital voltmeter with a 1 o 
megohm input impedance is used because this type 
of meter will not load down the circuit and result in 
faulty readings. Some circuits require accurate low 
voltage readings because they have a very high 
resistance . 

AMMETER - When used as an ammeter, this meter 
accurately measures extremely low current flow. 
Refer to meter instructions for more information. 
• Selector must be set properly for both function 

and range. DC is used for most automotive 
measurements. 

OHMMETER - Measures resistance of circuit directly 
in ohms. Refer to meter instructions for more 
information. 
• OL display in all ranges indicates open circuit. 
• Zero display in all ranges indicates a short 

circuit. 
• An intermittent connection in a circuit may be 

indicated by a digital reading that will not 
stabilize on the circuit. 

• Range Switch. 
02000 - Readsohmsdirectly 

2K,20K,200KO - Reads ohms in thousands 
2M and 20MO - Reads ohms in millions 

VACUUM PUMP WITH GAGE (20 IN. HG. MINIMUM) 

J23738 

~ 
J34142-A 

Use the gage to monitor manifold engine vacuum and 
use the hand pump· to check vacuum sensors, 
solenoids and valves. 

UNPOWERED TEST LIGHT 
Used for checking wiring for complete circuit, short to 
ground, or voltage. 

TACHOMETER 
Must have inductive trigger signal pickup. 

10-28-87 
*7S 3382-6E 
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J29533A/BT8127 

J33031/BT8130 

J347,30-A 

J34730-1 

J34730-2 

BT8320 

BT8329A 

OXYGEN SENSOR WRENCH 
Used for removing or installing the oxygen sensor. 

IDLE AIR CONTROL WRENCH 
Used for removing or installing IAC valve on throttfe 
body. · 

PORT FUEL INJECTION DIAGNOSTIC KIT 
Used to diagnose port fuel injectton systems. 
The kit includes: 
• Fuel Pressure Gage - used for checking fuel pump 

pressure and compare injector pressure drop for 
equal fuel distribution. . 

• Injector Test Light - used for checking electrical 
circuit to an injector. 

• Injector Tester - ·used for energizing each fuel 
injector for a precise amount of time to perform 
injector balance test. 

FUEL PRESSURE GAGE 
Used for checking and monitoring fuel line pressure of 
port fuel system. 
Part of Diagnostic Kit J34730-A. 

INJECTOR TEST LIGHT 
Used for checking the electrical ·circuit to a port fuel 
injector. 
Part of Diagnostic Kit J34730-A. 

INJECTOR TEST LIGHT 
Used for checking the electrical circuit to a TBI fuel 
injector · 
(except TBI 700). 

INJECTOR TEST LIGHT 
Used for checking the electrical circuit to a TBI 700 fuel 
injector and a port fuel injector. 10·23-87 

7S 3396-6E 



.==1 J26792/BT7220-1 

J36101 

J36179 

J35616 

J34636 

J28687-A/BT8220 

J35689 

J287 42/BT8234-A 

J33095/BT8234-A 
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SPARK TESTER 
Used for checking available secondary ig_nition 
voltage. Also called an ST125. · 

MASS AJR FLOW (MAF) SENSOR TESTER 
Used for static test of MAF Sensor on vehicles 
equipped with an AC type MAF Sensor. 

CRANKSHAFT SENSOR ALIGNMENT TOOL (C31 SYSTEMS) 
Used for properly aligning crank or combination 
sensor to harmonic balancer interrupter. 

. CONNECTOR TEST ADAPTER KIT 
Used for making electrical test connections in current 
Weather Pack, Metri-Pack and Micro-Pack style 
terminals. 

CIRCUIT TESTER 
Used for checking all relays and solenoids before 
connecting them to a new ECM. Measures the circuit 
resistance and indicates pass or fail via _green or red 
LED. Amber LED indicates current polarity. Can also 
be used as a non-powered continuity checker. 

OIL PRESSURE TRANSDUCER WRENCH 
Used for removing or installing oil pressure transducer 
on engine. 

METRI-PACK TERMINAL REMOVER 
Used for removing 150 series Metri-Pack 
"pull-to-seat" terminals from connectors. Refer to 
wiring harness service in Section "6E• for removal 
procedure. 

WEATHER PACK TERMINAL REMOVER 
Used for removing terminals from Weather Pack 
connectors. Refer to wiring harness service in Section 
"6E"' for removal procedure. 

ECM CONNECTOR TERMINAL REMOVER 
Used for removing terminals from Micro-Pack 
connectors. Refer to wiring harness service Section 
,,6E" for removal procedure. 10-21-87 

7S 3384-6E 
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J34730-3 

~ 
J29698-A/BT8251 

J33179-20 

r{J~ 
J29658/BT8205 

INJECTOR TESTER 
Used for energizing each fuel injector for a precise 
amount of time to perform injector balance test. Part 
of Diagnostic Kit J34730-A. 

FUEL LINE WRENCH 
Used for disconnecting or connecting fuel lines at 
throttle body unit by holding fuel nut at throttle 
body. 

MINIMUM AIR RATE ADJUSTING WRENCH 
Used for adjusting throttle stop screw on TBI unit. 

FUEL PRESSURE GAGE 
Used for checking and monitoring fuel line pressure 
of port fuel system. 

10-22-87 
8S 4861-&E 
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GENERAL SPECIFICATIONS 

Many of the specifications used in this section are located on the Vehicle Emission 
Control Information label under the hood. 

Listed on the chart below are locations of specifications used in this Section. 

SPECIFICATION I 
Engine Timing 

Idle Speed, ECM Controlled 

Spark Plug Type 

Spark Plug Gap 

Engine Code 

Engine Family 

Filter Part Numbers 

Part Numbers of 
Major Components 

Replacement of 
Vehicle Emission 
Control Information 
Label 

I LOCATION OF INFORMATION 

Vehicle Emission Control information label. 

Not adjustable. ECM controls idle. 

Owner's Manual, Section "r. 

Vehicle Emission Control Information Label. 

8th digit of VIN number. Also Owner's Manual, Section .. 7". 

Vehicle Emission Control Information label. 

Owner's Manual, Section "7". 

GMSPO Parts Book. 

GMSPO Label Catalog. 
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SECTION 6E2 

DRIVEABILITY AND EMISSIONS 

FUEL INJECTION (TBI) 

THIS SECTION APPLIES TO: 

5.0L L03 (VINE) .. F .. CARLINE 
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6E2-2 5.0L (VIN E) DRIVEABILITY AND EMISSIONS 

ALL NEW GENERAL MOTORS VEHICLES ARE CERTIFIED ·av THE UNITED STATES, 
ENVIRONMENTAL PROTECTION AGENCY AS CONFORMING TO THE REQUIREMENTS OF THE 
REGULATIONS FOR THE CONTROL OF AIR .POLLUTION FROM NEW MOTOR.VEHICLES. THIS 
CERTIFICATION IS CONTINGENT ON CERTAIN ADJUSTMENTS BEiNG SET TO FACTORY 
STANDARDS. IN MOST CASES. THESE ADJUSTMENT POINTS EITHER HAVE BEEN 
PERMANENnY SEALED AND/OR MADE INACCESSIBLE TO PREVENT INDISCRIMINATE OR 
ROUTINE ADJUSTMENT IN THE FIELD. FOR THIS REASON, THE FACTORY PROCEDURE FOR 
TEMPORARILY REMOVING PLUGS. CAPS, ETC •• FOR PURPOSES OF SERVICING THE PRODUCT, 
MUST BE STRICTLY FOLLOWED AND, WHEREVER PRACTICABLE. RETURNED TO THE 
ORIGINAL INTENT OF THE DESIGN. 

INTRODUCTION 

GENERAL DESCRIPTION 

This Section applies to engines which have a fuel 
injector mounted above a throttle body assembly. The 
entire assembly is mounted to the intake manifold and 
is referred to as "Throttle Body Injection". 

These engines have controls to reduce exhaust 
emissions, while maintaining good driveability and 
fuel economy. 

An Engine Control Module (ECM) is the heart of 
this control system and has ~nsors used to provide 
information about engine operation and the various 
systems it controls. Details of basic operation, 
diagnosis, functional checks, and on-vehicle service 
are covered in Section C, Component Systems. 

The ECM has the ability to do some diagnosis of 
itself, and of other parts of the system. When it finds a 
problem, it lights a "Service Engine Soon" Light on 
the instrument panel and a trouble code will be stored 
in the ECM memory. This does not mean that the 
engine should be stopped right away, but that the 
cause of the light coming on should be checked as soon 
as reasonably possible. 

DIAGNOSIS PROCEDURE 

The following Sections(s) are written for specific 
engine applications and are clearly indentified. Be 
sure to use only the section which applies to the 
engine family being diagnosed. 

Before using this Section of the manual, you 
should be familiar with the information and the 
proper diagnosing procedures as described in Section 
6E. If the proper diagnosis procedures are not 
followed, as described in Section 6E, it may result in 
unnecessary replacement of good parts. 

Trouble Tree Charts incorporate diagnosis 
procedures using an ALDL "SCAN" tool, where 
possible. The "SCAN" tool has the ability to save time 
in diagnosis and prevent the replacement or good 
parts. The key to using the "SCAN" tool 
successfully for diagnosis lies in the technician's 
ability to understand the system he is trying to 
diagnose, as well as an understanding of the 
"SCAN" tool's limitations. See Section 6E for 
more information. 
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SECTION A 
5.0L ENGINE 

DIAGNOSTIC CIRCUIT CHECK 

The "Diagnostic Circuit Check" verifies the 
system is functioning correctly. Some special 
considerations to keep -in mind while making the 
diagnostic circuit check are: 

Blocking Drive Wheels 

The vehicle drive wheels must always be blocked 
while checking the system. 

Cold Oxygen Sensor 

On some engines, the Oxygen sensor will cool off 
after only a short period of operation at idle. ·This will 
put the system into "Open Loop." To restore "Closed 
Loopn operation, run the engine at part throttle 
several minutes and accelerate Crom idle to part 
throttle a few times. 

BASIC PROCEDURE 

If you have not reviewed the basic information on 
how to use the Diagnostic Procedures, go to the 
Introduction of this section. 

SECTION A 

ENGINE COMPQNENTS / WIRING DIAGRAMS/ DIAGNOSTIC CHARTS 
Engine Component Locations • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-2 

ECM Wiring Diagrams (1 of 3) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-3,4,5 
ECM Connector Terminal End View • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-6 
Diagnostic Circuit Check • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-8 

No "Service Engine Soon• Light- Chart A-1 ••••••••••••••••••••••••••••••••••••••••• Page A·10 
NoALDL Data or Will Not Flash Code 12, "Service Engine Soon• Light noN• Steady, ChartA-2 •• Page A-12 

Engine Cranks But Will Not Run - ChartA-3 (1 of 2) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-14 

Fuel System Diagnosis- Chart A-7 (1 of 2} • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A·18 

Code 13 Oxygen Sensor Circuit {Open Circuit) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A·22 

Code 14 Coolant Temperature Sensor Circuit (HighTemperature Indicated} ••••••••••••••• Page A-24 

Code 15 Coolant Temperature Sensor Circuit (LowTemperature Indicated) • • • • • • • • • • • • • • • Page A-26 
Code 21 Throttle P_osition Sensor (TPS) Circuit (Signal Voltage High) •••••••••••••••••••••• Page A-28 

Code 22 Throttle Position Sensor (TPS} Circuit (Signal voltage Low) ••••••••••••••••••••• Page A-30 
Code 23 Mani fold Air Temperature (MAT) Sensor Circuit (Low Temperature Indicated) • • • • • • • Page A-32 

Code 24 Vehicle Speed Sensor (VSS) Circuit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A·34 
Code 25 Manifold Air Temperature (MAT) Sensor Circuit (High Temperature Indicated) • • • • • • Page A-36 

Code 32 Exhaust Gas Recirculation (EGR) Circuit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-38 

Code 33 Manifold Absolute Pressure (MAP) Sensor Circuit (Signal Voltage High-Low Vacuum) • • Page A-40 
Code 34 Manifold Absolute Pressure (MAP) Sensor Circuit (Signal Voltage Low-High Vacuum) • • Page A-42 

Code 42 Electronic Spark Timing (EST) Circuit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-44 
Code 43 Electronic Spark Control (ESQ Circuit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-46 
Code 44 Oxygen Sensor Circuit (Lean Exhaust Indicated) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-48 
Code 45 Oxygen Sensor Circuit (Rich Exhaust Indicated) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-50 
Code 53 Vehicle Anti-Theft System (VATS) Circuit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-52 
Code 54 Fuel Pump Circuit (Low Voltage) •••••••••••••••••••••••••••••••••••••••• • Page A-54 
Code 51 PROM Error (Faulty or Incorrect PROM) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-56 
Code 52 Calpak Error (Faulty or Incorrect Calpak) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-56 
Code 55 ECM Error • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-56 



6E2-A-2 5.0L (VIN E) DRIVEABILITY AND EMISSIONS 

'F' CARLINE RP0:LO3 . VIN CODE: E 5.0L VB TBI 

□ 
0 COMPUTER HARNESS 
C1 Electronic Control Module 

C2 ALDL diagnostic connector 

C3 •sERVICE ENGINE SOON• light 

CS ECM harness grounds 

C6 Fuse panel 

C8 Fuel pump test connector 

(Terminal •G• of ALDL Connector} 

C9 Fuel pump/ECM fuse 

C10 Set timing connector 

i~.l NOT ECM CONNECTED 
N1 Crankcase vent valve (PCV} 

N8 011 pressure switch 

C3 

N1 

O.__ __ ___ 

□ CONTROLLED DEVICES 
1 Fuel Injectors 

2 Idle air control motor 

3 Fuel pump relay 

5 Torque Conv. Clutch connector 

6 EST distributor 

6a Remote Ignition coil 

7 Electronic Spark Control module 

9 AIR port solenoid 

10 AIR converter solenoid 

12 Exh. Gas Recirc. vacuum solenoid 

15 Fuel vapor canister solenoid 

17 Fuel vapor canister 

@ Exhaust Gas Recirculation valve 

C2 cs 

~ 
~ 

Q INFORMATION SENSORS 
A Manifold Absolute Pressure 

B Exhaust oxygen 

C Throttle position 

D Coolant temperature 

F Vehlde speed (buffer} 
G MAT(inairdeaner) 

J ESCknodc 

S Power Steering Pressure Switch 

6-14-88 
8S"419-6E 

Figure A-1 • Engine Component Locations 5.0L (VIN E) "F" Carline 
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ECM 
.------------------ ORN461 - AS SERIAL DATA 

DIAGNOSTIC TEST 
TERMINAL 

--------------- WHTJBLK 451 

..--------~--,._ __ BLIC/WHT 450 

A9 

A12 ECMGROUND 

'---------1 01 ECM GROUND 

ALDL CONNECTOR 
~ ENGINE GROUND 
~~-----------TAN413 

ENGINE GROUND 

06 OXYGEN 
SENSOR 
GROUND 

1~-1--------------- PPL412 07 ~:s~: 
--- SIGNAL 

OXYGEN SENSOR 

PERMANENT 
MAGNET 
GENERATOR B 

TOIGN 

YEL400 

PPL401 
BRN437 A10 VEHIO.E SPEED 

SENSOR 
SIGNAL 

----~---_-_-_,,-,_-.;-- MANIFOLD 
... ---------- TAN 472 C12 AIR TEMPERATURE 

MANIFOLD AIR 
TEMPERATURE 

SENSOR 

B SENSOR SIGNAL 

32 PINC-0 
CONNECTOR 

COOLANT 
TEMPERATURE 

SENSOR 

.,.,. .. -,,.______. B ---------- VEL410 C10 COOLANTTEMPERATURE 

THROTTLE 
POSITION 
SENSOR 

MANIFOLD 
ABSOLUTE 
PRESSURE 
SENSOR 

----- A----. 

--.. -~-----------.;------------ BLK452 

--------- DKBLU417 

.,_ ________ LT GRN 432 

SENSOR SIGNAL 

CTS, TPS AND MAT 
A 11 SENSOR GROUND 

C13 TPS SIGNAL 

C14 +5VOLTS 
REFERENCE 

MAP SENSOR 
C11 SIGNAL 

---------- PPL455 D2 MAP SENSOR 
GROUND 

I BLK450 ~ ....... es ... e ... s _______ LTBLU/ORN495 
_l_ ~ N.O. 

C8 
POWER 
STEERING 
PRESSURE 
SWITCH 

IAC 

TO 
STARTER 

SOLENOID 
1---__., •---- PPUWHT806 _C9 CRANK SIGNAL 

LT BLU/WHT 441 CS IAC COIL •A• HI 

LT BLU/BUC 442 C& IAC COIL •A. LO 

LT GRN/WHT 443 

LT GRNJBLK 444 

IAC COIL •a• HI 

IACCOIL •■-LO 

Figure A-2 • ECM Wiring Diagram 5.0L (VIN E) "F" Carline (1 of 3) 

24PIN A-8 
CONNECTOR 

6-15-88 
•as us3-&E 



6E2-A-4 5.0L (VIN E) DRIVEABIUTY AND EMISSIONS 

TO 
IGN 

GAGES 
FUSE 

1 
ILK/WHT 450. ~-:_-_-_-_-_-"""'1-r.i-J---. 

_ ..:::'c. I Z rb- o,_,.,. 

BRAKE SWITCH 

AUTOMATIC 
TRANS. TCC 
SOUNOID 

SES LAMP 

420 
PPL 

i------ LT BLU 446 

ALDl L~===::l!:~---- TAN/ILK 422 

CONN F t-----------1 

810 

AS 

a 

A7 

ECM 

PARK/NEUTRAL 
SWITCH SIGNAL 

•SERVICE ENGINE 
SOON.LIGHT 
CONTROL 

4TH GEAR SWITCH 
SIGNAL 

TCCCONTROL 
(A/TONLY) 

'--------:::::::,J.---------+-- TAN/BLK 456 A7 SHIFT LIGHT CONTROL 24 PIN A•B 
(MIT ONLY) CONNEOOR 

INJEOOR 
1 

RH 

INJEOOR 
2 

LH 

SHIFTUGHT 

l1C; ~ED481 LTBLU467 

INJ 1 
TOIGN 

FUSE 

---01, 
D15 

11 
~ WHT 482 

L:. ;_~;::::::1,_,..t· --------- LTGRN 468 --~ D14 

INJEOOR1 
DRIVE 

INJEOOR2 
DRIVE 

PICK-UP COB. 
C15 

TOIGN 

ECM 
...,_.,~,,_..,_ __ PNICIBLK 439 

FUSE 

VATS 
MODULE 

DK8LU22t 

A6 IGNmON FEED 

86 VEHICLE 

D4 

ANTI-THEFT 
SYSTEM 

'--------;._-:_-;..-:..-:.---- PPI./WHT 430 - 85 
L--------L,__.___,---- TAN/BLK424 - D5 

EST 
REFERENCE 
BYPASS 

SET TIMING 
CONNEOOR 

'--------------8U(JRED453 83 DISTIUBUTOR GROUND 
REFERENa LOW 

Figure A-3 - ECM Wiring Diagram 5.0L (VIN E) •r carline (2 of 3) 

32 PINC-0 
CONNEO0R 

6-17•88 
• BS 4455-&E 
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RJSE & HOLDER ......... 
TO -~_.,"--.,_-=•-----'-i 
B+ 

.-------------~~----.... ---oRN340 
•....... , 

ALDL CONNEOOR 
,._ ___ ORN 340 

C16 

81 

RED490 ---. 

,------- DK GRNJWHT 465 - A1 

___ _._ BLKIWHT 450 - A12 

FUEL PUMP .. _.._..._.....__.._ 

TESTCONNEOOR FUEL ENG GROUND 

A/C 
PRESSURE 
CYOJNG 
SWITCH 

PUMP 
RELAY 

TO 
FUEL 

PUMP 
-+-_____ _,._ __ TANIWHT 120 - 82 

OIL 
PRESSURE 

SWITCH 

A/CCONTROL 
SWITCH,/ A/C FUSE TO 

66 LT~RN ~ ~ IGN 

BATTERY+ 

BATTERY+ 

FUEL PUMP RELAY 
DRIVE 

ECMGROUND 

FUEL PUMP 
SIGNAL 

(VOLTAGE 
MONITOR) 

24PfN A•B 
CONNECTOR 

.... ____________________ LTBLU 67 

LOW PRESSURE SWITCH 
18 A/C REQUEST 

SIGNAL 

A/C COMPRESSOR 
,--~➔.>-----..lll CLUTOf COIL 

ECM/IGN 

TOIGN~ PNK/BLK439 
FUSE 

A 

ESC 
MODULE BLK485 ------- B7 SPARK RETARD 

SIGNAL(ESC) 
BRN486 -d::r 

Ct-----------. 
NAT(WHT)496 ~-= 

KNOCK 
SENSOR "l5F 

ALDL 
CONN 

TO ~ PNK/llll( 39 
IGN 

AIR PORT SOLENOID --
_--1,.:.A../'imro~•w.-►-------.....: BRN 436 - C2 AIRPORT 

SOLENOID 
CONTROL 

AIII CONYERTOR SOLENOI> 

GRA435 

EGR SOLENOID 

32 PINC-0 
Ct AIR CONVERTER CONNECTOR 

SOLENOID 

A3 

A4 

CONTROL 

CANISTER PURGE 
SOLENOID CONTROL 

EGR(PWM) 
SOLENOID CONTROL 

6-16-88 
"BS 4454-fiE 

Figure A-4. ECM Wiring Diagram 5.0L (VIN E) •r carline (3 of 3) 



6E2-A-6 S.OL (VINE) DRIVEABIUTY AND EMISSIONS 

FUEL INJECTION ECM CONNECTOR IDENTIFICATION 
This ECM voltage chart is for use with a digital voltmeter to further aid in diagnosis. The voltages 

you get may vary due to low battery charge or other reasons, but they should be very dose. 

THE FOLLOWING CONDITIONS MUST BE MET BEFORE TESTING: 
• Engine at operating temperature • Engine idling in dosed loop (for •engine Run• column) 

.----------•....;T""'es""'taa..t;.;;;e_rm=in.;.;;;a;.;.l .... not;;;,,.,grounded • ALD ___ L..;..too;..;...l_n..;..o_t i_n_sta_ll_ed ________ _ 
VOLTAGE 

1 Varies from .60 to battery voltage, 

depending on position of drive wheels. 

2 12 volts for first two seconds. 

3 Varies. 

4 12 volts when fuel pump is running. 

5 Varies with temperature. 

D15 

LTBLU 016 INJECTOR 1 

6 Reads battery voltage in gear. 

7 12 volts, when engine is cranking. 

• Less than .5 volt. 

VOLTAGE 

.1-.9 © 

8+ 8+ 

I+ 8+ 

ENGINE 5.0L 

6-16-88 
BS4588-6E 

Figure A-5 - ECM Connector Terminal End View 5.0L {VIN E) "F .. carline 
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6E2-A-8 s·.oL {VIN E) DRIVEABILITY AND EMISSIONS 

DIAGNOSTIC CIRCUIT CHECK 
The Diagnostic Circuit Check is an organized approach to identifying a problem created by an electronic 

engine control system malfunction. It must be the starting point for any driveability complaint diagnosis, 
because it direct.s the service technician to the next logical step in diagnosing the complaint. 

· The "Scan Data" listed in the table may be used for comparison, after completing the diagnostic circuit check 
and finding the on-board diagnostics functioning properly and no trouble codes displayed. The ''Typical Values" 
are an average of display values recorded from normally operating vehicles and are intended to represent what a 
normally functioning system would typically display. 

A .. SCAN" TOOL THAT DISPLAYS FAULTY DATA SHOULD NOT BE USED, AND THE PROBLEM 
SHOULD BE REPORTED TO THE MANUFACTURER. THE USE OF A FAULTY '"SCAN" CAN RESULT 
IN MISDIAGNOSIS AND UNNECESSARY PARTS REPLACEMENT. 

Only the parameters listed below are used in this manual for diagnosis. If a "Scan" tool reads other 
parameters, the values are not recommended by General Motors for use in diagnosis. For more description on the 
values and use of the "Scan" to diagnosis ECM inputs, refer to the applicable diagnosis section in Section "C". If 
all values are within the range illustrated, refer to "Symptoms" in Section "B" . 

.. SCAN 11 DATA 
Idle/ Upper Radiator Hose Hot/ Closed Throttle/ Park or Neutral/ Closed Loop/Ace. off 

"SCAN" Position Units Displayed Typical Data Value 
Coolant Temp. 
TPS 
MAP 
INT (Integrator) 
BLM (Block Learn) 
IAC 
RPM 
02 
Open/Closed Loop 
A/C Request 
P/N Switch 
TCC 
vss 

co 
Volts 
Volts 
Counts 
Counts 
Counts (steps) 
RPM 
Volts 
Open/Closed 
Yes/No 
P/N and RDL 
On/Off 
MPH 

Battery Volts 
Air Divert Normal/Divert 
Air Switch Converter/Port 
Knock Signal Yes/No 
4th Gear Yes/No 
MAT Temp. C" 
Power Steering Pressure Switch Normal/Hi Pressure 

85°-105° 
.4- 1.25 
1 - 2 (depends on Vac. & Baro pressure) 
Varies 
118- 138 
1- so 
650 ± 100 RPM (550 ± 50 in drive) 
.001 - 999 and varies 
Closed Loop (may go open with extended idle) 
No (yes, with A/C requested) 
Park/Neutral (PIN) 
Off/ (on, with TCC commanded) 
0 
13.5-14.5 
Normal 
Converter 
No 
No (Yes, if in 4th Gear) 
10° - 90° ( Depends on air cleaner temperature). 
Normal 

753809-6E 

6-17-88 



• IGNffiON ·oN. - ENGINE ·oFF. -
• NOTE •sERVICE ENGINE SOON• LIGHT. 

ST£ADYUGHT 

• JUMPER ALDL TERMINAL.·a· To ·A· 
• DOES SES LIGHT FLASH CODE 127 

• REFER TO APPLICABLE 
CODE CHART. START 
WITH LOWEST CODE. 

DRIVEABILITY AND EMiSSIONS 5.0L (VIN E) 6E2-A-9 

DIAGNOSTIC CIRCUIT CHECK 
5.0L (VINE) ,.F,. CARLINE (TBI) 

: USE CHART A-1 : 
1.------------' 

: USE CHART A-2 : .. ___________ ., 

: USE CHART A-2 : .. ___________ ., 

l USE CHART A-3 : 
·-----------~ 

FLASHING CODE 12 

CHECK FOR GROUNDED DIAGNOSTIC 
TEST CICT 451. USE WIRING DIAGRAM 
ON CHART A•1. 

COMPARE •SCAN• TOOL DATA WITH TYPICAL 
VALUES SHOWN ON FAONG PAGE. ARE VALUES 
NORMAL OR WITHIN TYPKAL RANGES? 

REFER TO "SYMPTOMS. 
IN SECTION •a•. 

REFER TO INDICATED 
·coMPONENT(S) SYSTEM9 
CHl!CKS IN SECTION •c•. 

4-6-88 
•7S3227-6E 



6E2-A-10 5.0L (VINE) DRIVEABILITY AND EMISSIONS 

liJ ([JIM~ ([] 
(B ffi) [El Ca 

15 _WAYI.P. CONNECTOR 
TO MAf SENSOR 
POWER & BURN-OFF 
RELAY, OIL PRESS. SW. 

ECM 

PIGTAIL FUSE & HOLDER & FUEk:::L PUMP RELA_Y __ .340 ORN 

CONN. • • • • • • 
K :._,-..~· -------~----- 340 ORN 

BATTERY+ 

BATTERY+ 

+ 
BATTERY 

6-18-88 

Circuit Description: 

. . ..... -

· IGNmON 
SWfTOf 

TO VATS 
MODULE 

SESI.IGHT. 

F 

C 

J 

E 

CHARTA-1 

TOESC 
MODULE 

439 PNk/BLK 

419 BRN/WHT 

461 ORN 

451 WHT/111.K 

450 BLICJWHT 

ENGINE 
"'="GROUND 

NO "SERVICE ENGINE SOON" LIGHT 
5.0L (VINE) •F" CARLINE (TBI) 

-

5-6V 

-
5-20-88 

854277-6E 

There should always be.a steady "Service Engine Soon" light, when the ignition is "ON" and engine stopped. 
Battery is supplied directly to the light bulb. The electronic control module (ECM) will control the light and 
turn it "ONn by providing a ground path through CKT 419 to the ECM. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Battery feed CKT 340 is protected by a 20 amp in

line fuse. If this fuse was blown, refer to wiring 
diagram on the facing page of Code 54. 

2. Using a test light connected to 12 vol ts, probe each 
of the system ground circuits to be sure a good 
ground is present. See ECM terminal end view in 
front of this section for ECM pin locations of 
ground circuits. 

Diagnostic Aids: 

Engine runs ok, cheek: 
• Faulty light bulb 
• · CKT419open 
• Gage fuse blown. This will result in no oil 

light, generator light, seat belt reminder, etc. 
Engine cranks, but will not run, cheek; 
• Continuous battery - fuse or fusible link open. 
• ECM/Ignition fuse open 
• Battery CKT 340 to ECM open 
• Ignition CKT 439 to ECM open 
• Poor connection to ECM 



DRIVEABILITY AND EMISSIONS 5.0L (VIN E) 6E2-A;.1 t 

DOESTHEENGINESTART? 

• IGNmON ·oFF·. 

• DISCONNECT ECM CONNECTORS. 

• 16Nm0N •oN•. 

• PROBE CKT 419, WITH TEST UGHT 

TO GROUND. 

IS THE ·ses· UGHT-0N·1 

FAULTYECM 

CONNECTION 

ORECM. 

CHECK: 

• GAGE FUSE. 

• FAULTY BULB. 

• OPENCKT419. 

• CKT41!1SH0RTEDTO 

VOLTAGE. 

• OPEN IGNmON FEED TO 

BULB. 

CHART A-1 
NO "SERVICE ENGINE SOON" LIGHT 

5.0L (VIN E) "F" CARLINE (TBI) 

IS THE 20A CONTINUOUS 

BATTERY FUSE (IN HOLDER) 

AND ECM FUSE OK? 

• IGNmON ·oFF-. 

• IGNITION •oN•. 

• PROBE CKT 340 & 439 

WITH TEST LIGHT TO 

GROUND. 

IS THE LIGHT .ON" ON 

BOTH CRCUITS7 

0 FAULTYECM 

GROUNDS OR ECM. 

0 LOCATE ANDCORRECT 

SHORT TO GROUND IN 

ORCUIT THAT HAD A 

BLOWN FUSE. 

REPAIR OPEN IN 

ORCUIT THAT DID NOT 

LIGHT THE TEST LIGHT. 

7-21-87 
CLEAR CODES ANO CONFIRM ·cLOSED LOOP .. OPERATION AND NO ·sERVICE ENGINE SOON- LIGHT. 75 3185-6E 



6E2;.A-12 5.0L (VINE) DRIVEABILITY AND EMISSIONS 

[D 1M) wl [el [ii 

ra l1il rn Ill fil 
TO MAF SENSOR 

15WAYLP. CONNECTOR . POWER & BURN-OFF 
RELAY, OIL PRESS. SW. 
&FUEL PUMP RELAY 

+ 
BATTERY 

6-18-88 

PIGTAll FUSE & HOLDER ..--- 340 ORN 
CONN. •••••• . . . . ...... 

IGNmON 
SWITCH 

TO VATS 
MODULE 

r--, 

TOESC 
MODULE 

...,_-::a=:-----!"~i--'.1 =---.- 439 PNK/BLK ,F 
--~-----....,~K~,:-c-- 419 aRNJWHT 

GAGE SES LIGHT, 1 

r----e-------"-<1-~...,: J---- 461 ORN 
I 

.----....... r,11'1...,:,---- 451 WHT/ILK 
I ~,E 
I I 
I I 

...,....,J...,-9-.,.l,.Jc::;;;;;;~:"<lli~ 450 BLK/WHT 

AIJ)t. CONNECTOR ....._:::~~~~~~~loA-' L -

DIAGNOS ENGINE 
TEST 
TERMINAL -::-- GROUND 

CHARTA-2 
NO ALDL DATA OR WILL NOT FLASH CODE 12 

"SERVICE ENGINE SOON" LIGHT 0 ON .. STEADY 

Circuit Description: 
5.0L (VINE) 11F" CARLINE (TBI) 

ECM 

BATTERY+ 

BATTERY+ 

5-20-88 

8S42n-6E 

There should always be a steady .. Service Engine Soon" light, when the ignition is "ON" and engine stopped. 
Ignition voltage is supplied directly to the light bulb. The electronic control module (ECM) will turn the light 
.. ON" by grounding CKT 419 in the ECM. 

With the diagnostic "test" terminal grounded, the light should flash a Code 12, followed by any trouble 
code(s) stored in memory. 

A steady light suggests a short to ground in the light control CKT 419, or an open in diagnostic CKT 451. 

Test Description: N~mbers below refer to circled 
· numbers on the diagnostic chart. . 
1. If there is a problem with the ECM that causes a 

.. Scann tool to not read serial data, the ECM 
should not flash a Code 12. If Code 12 does flash, 
be sure that the "Scan,. tool is working properly on 
another vehicle. If the "Scan" is functioning 
properly and CKT 461 is OK, the PROM or ECM 
may be at fault for the NO ALDL symptom. 

2. If the light goes "OFF" when the ECM connector is 
disconnected, then CKT 419 is not shorted to 
ground. 

3. This step will check for an open diagnostic CK'I 
451. 

4. At this point, the .. Service Engine Soon" ligh1 
wiring is OK. The problem is a faulty ECM or 
PROM. If Code 12 does not flash, the ECM shoul~ 
be replaced using the original PROM. Replace thE 
PROM only after trying an ECM, as a defective 
PROM is an unlikely cause of the problem. 



• IGNmoN-oN·, ENGINE .OFF-. 
IS THE ·sEs- LIGHT ·oN"? 

• GROUND DIAGNOSTIC TERMINAL 
DOES LIGHT FLASH CODE 12? 

0 . IGNmON ·oFF·. 
• DISCONNECT ECM CONNECTORS, 
• IGNITION •oN• AND NOTE 

·sERVICE ENGINE sdpN- LIGHT. 

© LIGHT.OFF" 

• IGNITION "OFF'". 
• RECONNECT ECM. 
• IGNITION ·oN·, ENGINE ·oFF-, 

DIAGNOSTIC TERMINAL NOT GROUNDED. 
• BACK PROBE ECM·CKT 451 WITH TEST 

LIGHT TO GROUND. LEAVE CONNECTED 
AND WATCH ·s1:s- UGHT. 

DRIVEABIUTY AND EMISSIONS. 5.0L·(VIN E) 6E2-A-13 

CHARTA-2 
NO ALDL DATA OR WON'T FLASH CODE 12 

-sERVICE ENGINE SOON" LIGHT ·oN· STEADY . 
5.0L (VINE) ''F" CARLINE (TBI) . 

0 IF PROBLEM WAS NO ALDLDATA: 
CHECK SERIAL DATA CKT 461 FOR OPEN OR 
SHORTTO GROUND BETWEEN ECM AND ALDL 
CONNECTOR. IF OK, IT IS A FAULTY ECM OR 
PROM. 

REPAIR SHORT TO 
GROUND IN CKT 419. 

_. • CHECK PROM FOR PROPER INSTALLATION. CHECK FOR OPEN CKT 451 TO ECM. 
• IF OK, REPLACE ECM USING ORIGINAL PftOM. 
e RECHECK FQR CODE 12. 

REPLACE PROM. 

If OK, CHECK FOR OPEN ORCUIT BETWEEN 
ALDL TERMINAL• A" AND ECM. 

SYSTEM OK. 

Cl.EAR CODES AND CONFIRM ·aosED LOOP - OPERATION AND NO ·sERVICE ENGINE SOON. LIGHT. 
10-3o-87 .• 
7S 3341-4iE 



6E2-A-14 5.0L (VINE) DRIVEABILITY AND EMISSIONS 

...----------- 468 GRN --------.._ ECM 

TBIUNIT 
INJECTORS 

467 BLU 

IGNSW 

39 _/__._ TOB+ 

TO 
IGNITION 
SWITCH 

r----------, ! IGNCOIL I B . ...-----: ---, GRY 
CONN 

TO 1 

DISTRIBUTOR : S 
CAP I E 

6-18-88 

: C 
I 
I 
I 
t L---

439 
PNK/BLK 

-----430PPL/WHT 

424 ~~ TAN/BLK 
SET TIMIN~. 

o.....;;C,.;;;.ON ... N_E"""CT.._O=R...__ 453 BLK/RED 

EST 

REFERENCE 

BYPASS 

DISTGND 

5-9-88 
SS 1560-6E 

CHARTA-3 
(Page 1 of 2) 

Circuit Description: 

ENGINE CRANKS BUT WILL NOT RUN 
5.0L (VINE) UF'' CARLINE (TBI) 

This chart assumes that battery condition and engine cranking speed are OK, and there is adequate fuel in 
thet.ank. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. A "Service Engine Soon" light "ON" is a basic test 

to determine if there is a 12 volt supply and 
ignition 12 volts to E.CM. No ALDL may be due to 
an ECM problem and CHART A-2 will diagnose 
the ECM. If TPS is o.ver 2.5 volts, the engine may 
be in the clear flood mode, which will cause 
starting problems. 

2. No spark may be caused by one of several -
components related to the Ignition/EST System. 
CHART C-4 will address all problems related to 
the causes of a ~o spark condition. 

3. Fuel spray from the irtjector(s) indicates that fuel 
is available. However, the engine could be 
severely flooded due to too much fuel. 

4. While cranking engine, there should be no fuel 
spray with injector disconnected. Replace an 
irtjector if it sprays fuel or drips like a leaking 
water faucet. 

5. The fuel pressure will drop after the fuel pump 
stops running due to a controlled bleed in the fuel 
system. 

Use of the fuel pressure gage will determine if fuel 
system pressure is enough for "the engine to start 
and run. The key may have to be cycled, "ON" and 
"OFF," 2 or more times for accurate reading. 

6. No fuel spray from iajector indicates a faulty fuel 
system or no ECM control of injector. 

7. This test will determine if the ignition module is 
not generating the ¢erence pulse, or if the wiring 
or ECM is at fault. By touching and removing a 
test light to 12 volts on CKT 430, a reference pulse 
should be generated. If injector test light blinks, 
the ECM and wiring are OK. . 

Diagnostic Aids: 
• Water or foreign material in fuel system can 

cause a no start during freezing weather. 
• An EGR valve sticking open can cause a low 

air/fuel ratio during cranking. 
• Fuel pressure: Low fuel pressure can result in 

· a very lean air/fuel ratio. See CHART A-7. 
• A grounded CKT 423 (EST) may cause a "No

Start" or a "Start then Stall" condition. 



DRIVEABILITY AND EMISSIONS 5.0L (VIN· E} 6E2"'.A-15 

~ • FUEL QUANTITY OK • CHART A-3 • IGNmON ·ort, • If SES LIGHT IS ·off," USE CHART A-1 • 

• INSTALL ·sCAN" TOOL. If ·No ALDL, • USE CHART A-2 . 
(Page 1 of 2) • CHECK THE FOLLOWING: 

• TPS • If OVER 2.SV AT CLOSED THROmE, USE CODE 21. ENGINE CRANKS BUT WILL NOT RUN , 
• COOLANT-IF LESS THAN -30-, USE CODE 15 CHART 

5.0L (VINE) 11F" CARLINE (TBI) • IF CODE 5415 SET, USE CODE 54 CHART. 
■ 

~ • CONNECT ST-125 (SPARK CHECKER) 
J 26792. OR EQUIVALENT. 

• CHECK FOR SPARK WHILE CRANKING • 

• CHECK AT LEAST TWO WIRES • 
■ 

■ ■ 

SPARK I NO SPARK 
I I 

~ • RECONNECT SPARK PLUG WIRES CHECK FOR BATTERY VOLTAGE 
TO PLUGS. TO IGNmON SYSTEM. IF OK 

• OBSERVE INJECTOR FUEL SPRAY THERE IS A BASIC HEI PROBLEM. 
WHILE CRANKING. REFER TO APPROPRIATE CHART C-4. 

. 
6 NO SPRAY BOTH INJECTORS I NO SPRAY ONE INJECTOR 

■ rl.----1 
FUEL SPRAY BOTH INJECTORS • IGNmON ·off· I USE CHART A-3 I 
■ • DISCONNECT BOTH INJECTOR 

L-_£~21_,_J 
~ • otSCONNECT BOTH INJECTORS 

CONNECTORS. 
• IGNmoN·ort• 

• OBSERVE INJECTOR FUEL SPRAY • PROBE TERMINAL• A• AT EACH INJECTOR 
WHILE CRANKING. CONNECTOR WITH A TEST LIGHT TO GND. 

-
■ -

NOSPRAY I SPRAYOR I LIGHT I NOLIGHT I 
LEAKAGE ■ I 

■ • CONNECT INJECTOR TEST LIGHT {BT 8320 

~ • INSTALL FUEL FAULTY OR EQUIV.) ON EITHER INJECTOR OPENIGNmON 
PRESSURE GAGE ANO INJECTOR HARNESS CONNECTOR. ORCUIT, FAULTY 
NOTE PRESSURE AFTER SEAL OR • NOTE INJECTOR TEST LIGHT WHILE FUSE, OPEN ORCUIT 
IGNmON ·oN" AND INJECTOR. CRANKING. 481 OR482. 
FUEL PUMP STOPS I RUNNING, SHOULD BE 
9 TO 13 p,i (62-89 kPa). 

. 
NO BUNKING LIGHT I BUNKING LIGHT I 

I I 

$ 
I rL----, 

~ NOTOK I • DISCONNECT DISTRIBUTOR 4-WAY I USE FUEL SYSTEM I 
CONNECTOR. 

rl.----, • IGNITION "ON" L _ C~A~ ':;_7 _ .J 
• REVIEW •DlAGNOSTIC • MOMENTARILY TOUCH HARNESS 

AIDS- ON FAONG I USE FUEL SYSTEM I 
CONNECTOR TERMINAL CKT 430 

PAGE FOR L _ C~A~ ':;_7 _ .J WITH TEST LIGHT TO 12 VOLTS. 
ADDITIONAL ITEMS NOTE INJECTOR TEST LIGHT SHOULD 
TO CHECK. ·auNK- EACH TIME THE TEST LIGHT 

I IS REMOVED FROM OCT 430. 

If ALL CHECK OK, THERE IS ■ 

■ ■ NO TROUBLE FOUND. REVIEW 
INJECTOR LIGHT-BUNKS- I I -SYMPTOMS- SECTION •a-, NO BUNKING INJECTOR 

"HARD START.• I LIGHT 
I 

• FAUL TY IGNmON MODULE j 
OR CONNECTION. • OPEN OR GROUNDED 

CICT430. 
• OPEN INJECTOR DRIVE 

ORCUITS. 
• FAULTY CONNECTION 

AT·as· ORFAULTY 
ECM. 

5-6-88 
CLEAR CODES AND CONFIRM "CLOSED LOOP - OPERATION AND NO ·seRVICE ENGINE SOON" LIGHT. 5S 1559-6E 



6E2-A-1& 5.0.L (VINE) DRIVEABILITY AND EMISSIONS 

...--------- 468 GRN -------..._ ECM 
467 aw 

IGNSW 

39 _/..,._. TOI+ 

• TO 
DISTRIBUTOR 

CAP 

6-18-88 

TO 
IGNffiON 
SWJTCH 

r---------, GRY IGNCOIL I I CONN 

I 
II 

s ILK 
E CONN 
C 

._ .I A 
I I TACH LEAD I 

L--- ----- A 
~ GRY - CONN 

439 
PNK/BLK 

423 WHT 

430PPL/WHT 

~TAN/BLK 
SETTIMIN 
CONNECTOR 453BlK/RED 

EST 

REFE.RENCE 

BYPASS 

DISTGND 

5-9-88 
551560-6E 

CHART A-3 
(Page 2 of 2) 

ENGINE CRANKS BUT WILL NOT RUN 
5.0L (VIN E) .. F,, CARLINE (TBI) 

Circuit Description: 
This chart assumes that battery condition and engine cranking speed are OK, and there is adequate fuel in 

the tank. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. No fuel spray from one injector indicates a faulty 

fuel injector or no ECM control of injector. If the 
test light "blinks" while cranking, then ECM 
control should be considered OK. Be sure test 
light makes good contact between connector 
terminals during test. The light may be a little 
dim when "blinking". This is due to current draw 
of the test light. How bright it .. blinks" is not 
important. However, the test light should be a BT 
8320 or equivalent. 

2. CKT 481 and CKT 482 supply ignition voltage to 
the injectors. Probe each connector terminal with 
a test light to ground. There should be a light on 
at one terminal. If the test light confirms ignition 
voltage at the connector, the ECM injector control 
CKT 467 or CKT 468 may be open. Reconnect the 
injector, and using a test light connected to 
ground, check for a light at the applicable ECM 
connector terminal ("D14" or "D16"). A light at 
this point indicates that the injector drive circuit 
involved is OK. 
If an ECM repeat failure has occurred, the injector 
is shorted. Replace the injector and ECM. 



0 

-DRIVEABILITY AND EMISSIONS S:OL (VIN E)- 6E2-A-17 

CHART A-3 
(Page 2 of 2) 

ENGINE CRANKS BUT WILL NOT RUN 
5.0L (VINE) '1 F" CARLINE (TBI) 

I • • ■ • • • • • • ■ • • • 

• FROM • 
: CHARTA-3 : 
: (Page 1 of 2) : 
.. I ..•....... • 

NO SPRA y ONE INJECTOR I 
I 

• DISCONNECT INOPERATIVE INJECTOR CONNECTOR 
• CONNECT TEST LIGHT ACROSS HARNESS CONNECTOR. 
• NOTE LIGHT WHILE CRANKING. 

I 
I I 

·auNKING LIGHT- NO ·aLINKJNG LIGHT-

I I 
FAUL TY INJECTOR 0 • IGNmoN-oN·. ENGINE-OFF-. 
CONNECTOR OR • PROBE EACH CONNECTOR 
INJECTOR. TERMINAL WITH A TEST LIGHT 

TO GROUND. 

I 
• I I 

LIGHT.ON• LIGHT.OFF• LIGHT.ON• 
ONE BOTH BOTH 

TERMINAL TERMINALS. TERMINALS. 

I I I 
OPEN CKT 467, OR 468, REPAIR OPEN CKT467 INJECTOR •1• 
FAULTYECM INCKT481 OR OR CKT 468..INJECTOR 
CONNECTION, OR CKT482. •2• SHORTED TO 
FAULTYECM. VOLTAGE. 

I 
STEADY LIGHT I 
I 

CHECK FOR SHORT TO GROUND 
IN CKT 467 INJECTOR •1 • OR 
CKT 468 INJECTOR •2• . 

I 
CKT 467 OR CKT 468 OK. 
CHECK RESISTANCE ACROSS 
INJECTOR TERMINALS. 
SHOULD BE OVER 1.2 OHMS. 

I 

~ 
I 

NOTOK I 
I 

FAULTY FAULTY I 
ECM INJECTOR 

ANDECM 

aEAR CODES AND CONFIRM ·a.oSED LOOP H OPERATION AND NO #SERVICE ENGINE sooN· LIGHT. 5-31-88 
• 55 1561-6E 



6E2-A-18 5.0L (VIN E) DRIVEABILITY AND EMISSIONS 

.. - --., 
I I 
I I 
I I FUSE& 
l : HOLDER 
I I 
I I 
'-- _ .. 

RED 

BATTERY JUNCTION 
BLOCK(12VOLT) 

6-18-88 

Circuit Description: 

FUEL PUMP 
RELAY CONN • 

FUEL PUMP C 
RELAY r-;'--;::=:::kf-"- 465 DK GRN/WHT 

©OIL 
PRESSURE 
SWITCH 

450BLK/WHT 

CHARTA-7 
(Page 1 of 2) 

FUEL SYSTEM _DIAGNOSIS 
5.0L (VIN E) 1'F" CARLINE (TBI) 

ECM 

12VOLT 
RELAY 
DRIVE 

2-18-88 
9S5142-6E 

When the ignition switch is turned "ON," the electronic control module (ECM) will turn "ON" the in-tank 
fuel pump. It will remain "ON" as long as the engine is cranking or running, and the ECM is receiving ignition 
reference pulses. 

If there are no reference pulses, the ECM will shut "OFF" the fuel pump within 2 seconds after kf:!y "ON." 
The pump will deliver fuel to the TBI unit where the system pressure is controlled from 62 to 90 kPa (9 to 13 

psi). Excess fuel is then returned to the fuel tank. 
When the engine is stopped, the pump can be turned "ON" by applying battery voltage to terminal "G" of the 

ALDL connector. · 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart 
1. Fuel pressure should be noted while fuel pump is 

running. Fuel pressure will drop immediately 
after fuel pump stops running due to a controlled 
bleed in the fuel system. 
The fuel pump test connector is terminal "G" of 
the ALDL connector. 

Diagnostic Aids: 

Improper fuel system pressure can result in one of 
the following symptoms: 

• Cranks, but will not run 
• Code44 
• Code 45 
• Cuts out, may feel like ignition problem 
• Poor fuel economy, loss of power 
• Hesitation 



0 

DRIVEABILITY AND EMISSIONS 5.0t (VINE) 6E2.;A-19 ·· 

• THIS CHART ASSUMES THERE IS 
NO CODE 54. 

• IGNITION .OFF ... 
• FUEL TANK QUANTITY OK. 
• INSTALL FUEL PflESSURE GAGE. 
• APPLY BATTERY VOLTAGE TO 

TERMINAL '"G• OF ALDL 
• NOTE FUEL PRESSURE. 
• SHOULD BE 62·90 kPa (9-13 psi). 

NO FUEL 
PRESSURE 

• LISTEN FOR PUMP RUNNING 
AT FUEL TANK. 

PUMP 
RUNS 

• CHECKFOR: 
- PLUGGED IN-LINE FILTER 
• PLUGGED PUMP INLET FILTER 
- RESTRICTED FUEL LINE 
• LEAKING PUMP RUBBER COUPLING 

If OK. REPLACE IN-TANK FUEL PUMP. 

CHART A-7 
(Page 1 of 2) 

FUEL SYSTEM DIAGNOSIS 
5.0L (VIN E) °F" CARLINE (TBI) .. 

FUEL PRESSURE LESS THAN 
62 kPa (9psi) OR MORE 
THAN 90 kPa (13 psi) 

r- ----, 
I USE CHART A-7 I 
.__<~~> _ _. 

• DISCONNECT FUEL PUMP RELAY. 
• USING A FUSED JUMPER WIRE, 

CONNECTCKT 120 TO 12 VOLTS. 
DOES PUMP RUN? 

FAULTY 
CONNECTION 
AT RELAY OR 
FAULTY FUEL 
PUMP RELAY. 

OPEN CKT 120, FAUL TY 
IN-TANK PUMP, OR 

. FAULTY PUMP GROUND. 

CLEAR CODES AND CONFIRM HCLOSED LOOP• OPERATION AND NO •sERVlCE ENGINE SOON• LIGHT. 
2-24-88 

9S5143-6E 



6E2-A-20 5.0L (VIN E) DRIVEABILITY AND EMISSIONS 

FUEL RETURN LINE 

I 

FLEX HOSE FUEL PRESSURE LINE FUELCAP 

I 
FUELPRESSURE / 
GAGETEST~ 
POINT V 

IN-LINE FUEL FILTER 

6-18-88 
4-18-88 

551571-iE 

CHART A-7 
(Page 2 of 2) 

FUEL SYSTEM DIAGNOSIS 
5.0L (VINE) .. F,, CARLINE (TBI) 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Fuel pressure less than 62 kPa (9 psi) falls into 

two areas: 
• Amount offuel to injectors OK but, pressure is 

too low. System will Qe lean and may set Code 
44. Also, hard starting cold and poor overall 
performance. 

• Restricted flow causing pressure drop. 
Normally, a vehicle with a fuel pressure ofless 
than 62 kPa (9 psi) at idle will not be 
driveable. However, if the pressure drop 
occurs only while driving, the engine will 
surge then st.op ~ pressure begins to drop. 

2. Restricting the fuel supply line between the gage 
and TBI unit and turning the fuel pump "ON• will 
determine if the fuel pump can supply enough fuel 
pressure at the inject.or to operate properly, above 
62 kPa (9 psi). 

NOTICE: Do not restrict the fuel return line as this 
may damage the fuel pressure regulator. 

3. This test determines if the high fuel pressure is 
due t.o a restricted fuel return line or a throttle 
body pressure regulator problem. 



DRIVEABILITY AND EMISSIONS 5.0L (VIN E). 6E2-A-21 

r-;RoM, 
I CHART I 
I A-7 I 
I (10F 2) I 
L- _.J 

FUEL PRESSURE BELOW 62 kPa (9psi) 
OR ABOVE 89 kPa (13 psi}. 

0 PRESSURE LESS THAN 62 
kPa {9PSI). 

CHECK FOR RESTRICTED IN• 
LINE FILTER, OR FUELUNE. 

• IGNITION •off• 
• DISCONNECT INJECTOR. 
• RESTRICT THE FUEL SUPPl Y 

LINE BETWEEN FUEL 
PRESSURE GAGE AND TBI 
UNIT. 

• APPLY 12 VOLTS TO FUEL 
PUMP TEST CONNECTOR AND 
NOTE FUEL PRESSURE. 

ABOVE 89 kPa (13 PSI) 

REPLACE FUEL 
PRESSURE REGULA TOR. 

REPLACE FILTER, 
OR REPAIR FUEL 
LINE, AND 
RECHECK. 

LESS THAN 62 kPa (9 PSI) 

FAULTY IN-TANK 
-FUEL PUMP 
• COUPLING HOSE 
• PUMP INLET FILTER 
• WRONG FUEL PUMP 

0 

CHART A-7 
(Page 2 of 2) 

FUEL SYSTEM DIAGNOSIS 
5.0L (VIN E) ,.F,. CARLINE (TBI) 

PRESSURE ABOVE 89 kPa (13 PSI) 

• DISCONNECT INJECTOR CONNECTORS. 
• DISCONNECT FUEL RETURN LINE 

FLEXIBLE HOSE. 
• ATTACH 5/16 1.0. FLEX HOSE TO 

THROTnE BODY SIDE OF RETURN LINE. 
INSERT THE OTHER END IN AN APPROVED 
GASOLINE CONTAINER. 

• NOTE FUEL PRESSURE WITHIN 2 SECONDS 
AFTER IGNITION •oN•. 

ABOVE 89 KPa {13 PSI) 

CHECK FOR RESTRICTED 
FUEL RETURN LINE FROM 
THROTnE BODY. 

IF LINE OK. REPLAa FUEL 
PRESSURE REGULATOR. 

62-89 kPa (9-13 PSI) 

LOCATE AND 
CORRECT 

, RESTRICTED FUEL 
RETURN LINE TO 
FUEL TANK. 

CLEAR CODES AND CONFIRM ·cLOSED LOOP - OPERATION AND NO ·sERVICE ENGINE SOON· LIGHT. 5-27-418 
5S 1572-6£ 
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6E2-A-22 5.0L (VIN E) DRIVEABILITY AND EMISSIONS 

ECM 

r----<~~------------- PPl412 Oz SENSOR 
SIGNAL 

EXHAUST 

6-18-88 

ENGINE 
GROUND 

~ TAN413 0 2 GROUND 
CIRCUIT 

2-20-87 
4S0790-6E 

CODE 13 
OXYGEN SENSOR CIRCUIT 

(OPEN CIRCUIT) 
S.OL (VIN E) "F" CARLINE (TBI) 

Circuit Desuiption: 
The ECM supplies a voltage of about .45 volt between terminals "D7" and "D6". (If measured with a 10 

megohm digital voltmeter, thq may read as low as .32 volt). The 02 sensor varies the voltage within a range of 
about 1 volt if the exhaust is rich, down through about .10 volt if exhaust is lean. 

The sensor is like an open circuit and produces no voltage when it is below 360°C (600°F). An open sensor 
circuit or cold sensor causes "Open Loop" operation. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 13 will set: 

• Engine at normal operating temperature. 
• At least 2 minutes engine time after start. 
• 02 signal voltage steady between .35 and .55 

volts. 
• Rpm above 1600. 
• Throttle position sensor signal above 5% 

(about .3 volts above closed throttle voltage). 
• All conditions · must be met for about 60 

seconds. 
If the conditions for a Code 13 exist, the 
system will not go "Closed Loop.,. 

2. This will determine if the sensor is at fault or the 
wiring or ECM is the cause of the Code 13 . 

3. To perform this test, use only a high impedence 
digital volt ohmmeter. This test checks the 
continuity of CKTs 412 and 413. If CKT 413 is 
open, the ECM voltage on CKT 412 will be over .6 
volts (600 m V). 

Diagnostic Aids: 

Normaf"Scan" voltage varies between 100 mV to 
999 m V (.1 and 1.0 volt), while in "Closed Loop." Code 
13 sets in one minute, if voltage remains between .35 
and .55 volts. · 

Refer to "Intermittents" in Section "B". 



DRIVEABILITY.AND EMISSIONS 5.0L (VIN·E) 6E2-A-23 

;CODE13 
OXYGEN SENSOR CIRCUIT 

(OPEN CIRCUIT) 
5.0L (VINE) "F" CARLINE (TBI) 

0 ENGINE AT NORMAL OPERA TING TEMPERATURE (ABOVE 80°C/176'F). 
• RUN ENGINE ABOVE 1200 RPM FOR TWO MINUTES. · 
• DOES •sCAN• TOOL INDICATE .CLOSED LOOP-? · 

0 • DISCONNECT 0 2 SENSOR. 
• JUMPER HARNESS CKT 412 (ECM SIDE) TO 

GROUND. 
• ·sCAN· TOOL SHOULD DISPLA y Oz VOLTAGE 

BELOW .2 VOLT (200 mV) WITH ENGINE RUNNING. 
DOES IT? 

© • REMOVE JUMPER. 
• IGNITION ·oN·. ENGINE •off'. 
• CHECK VOLTAGE OFCKT 412 (ECM SIDE)AT 0 2 

SENSOR HARNESS CONNECTOR USING A OVM. 

.3-.6VOLT 
(300 • 600 mV) 

OVER .6 VOLT 
(600 mV) 

OPENCKT413 
OR 
FAULTY CONNECTION 
OR 
FAULTYECM. 

CODE 13 IS INTERMITTENT. IF NO 
ADDITIONAL CODES WERE STORED, REFER TO 
.DIAGNOSTIC AIDS- ON FAONG PAGE. 

FAULTY 0 2 SENSOR CONNECTION 
OR 
SENSOR. 

LESS THAN .3 
VOLT (300 mV) 

OPENCKT 412 
OR 
FAULTY ECMCONNECTION 
OR 
FAULTY ECM. 

CLEAR CODES AND CONFIRM "CLOSED LOOP" OPERATION AND NO ·seRVICE ENGINE SOON· LIGHT. 
5-3-88 

•7S 3054-&E 



6E2-A-24 5.0l (VIN E) DRIVEABILITY AND EMISSIONS 

c:::::::J 

6-1B-BB 

Circuit Description: 

COOLANT TEMPERATURE 
SENSOR 

~---'------'-- YEL 410 

....._ _________ __,_ BLK 452 

TOTPSAND 
MAT (If USED) 

CODE14 
COOLANT TEMPERATURE SENSOR CIRCUIT 

(HIGH TEMPERATURE INDICATED) . 
5.0L (VIN E) "F" CARLINE (TBI) 

ECM 

COOLANT SENSOR 
SIGNAL 

SY 

SENSOR GROUND 

5-4-88 
551715-6E 

The coolant temperature sensor uses a thermistor to control the signal voltage at the ECM. The ECM 
applies a voltage on CKT 410 to the sensor. When the engine coolant is cold the sensor (thermistor) resistance 
is high, therefore the ECM wili.see high signal voltage. 

As the engine coolant warms, the sensor resistance becomes less, and the voltage drops. At normal engine 
operating temperature (85°C-95°C or 185°F-203°F) the coolant sensor. signal voltage will be about 1.5 to 2.0 
volts. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 14 will set if: 

• Signal voltage indicates a coolant 
temperature above 135°C (275°F) -for 2 
seconds. 

2. This test will determine if CKT 410 is shorted to 
ground which will cause the conditions for Code 
14. 

Diagnostic Aids: 

Check harness routing for a potential short to 
ground in CKT 410. 

"Scan" tool displays engine temperature in 
degrees centigrade. After engine is started, the 
temperature should rise steadily to about 90°C (194°F) 
then stabilize when the thermostat opens. 

Refer to '1ntermittentsn in Section "B". 



0 DOES •sCAN" TOOL DISPLAY COOLANT 
TEMPERATURE OF 130-COR HIGHER? 

DISCONNECT SENSOR. 
•SCAN• TOOL SHOULD DISPlA Y 
TEMPERATURE BELOW -30"C. 
DOESITT 

REPLACE SENSOR. 

DIAGNOSTIC AID 

COOLANT SENSOR 

TEMPERATURE VS. RESISTANCE VALUES 

(APPROXIMATE) 

~ -c OHMS 

210 100 185 

160 70 450 

100 38 1,800 

70 20 3,400 

40 4 7,500 

20 .7 13.SOO 
0 -18 25,000 

-40 -40 100,700 

DRIVEABILITY AND EMISSIONS 5.0L (VIN E) 6E2.;.A-25 

CODE14 
COOLANT TEMPERATURE SENSOR CIRCUIT 

(HIGH TEMPERATURE INDICATED) 
5.0L (VIN E) 11F" CARLINE (TBI) 

CODE 1415 INTERMITTENT. IF NO 
ADDITIONAL CODES WERE STORED: REFER 
TO •DIAGNOSTIC Atos• ON FACING PAGE. 

CKT 410 SHORTED TO GROUND, 
OR 
OCT 410 SHORTED TO SENSOR GROUND ORCUIT 
OR 
FAULTY ECM. 

CLEAR CODES AND CONFIRM '"CLOSED LOOP" OPERATION AND NO "SERVICE ENGINE SOON" LIGHT. 
5-26-88 

•753055-6E 



6E2-A-26 5.0L (VIN E) DRIVEABIUTY AND EMISSIONS 

. COOLANT TEMPERATURE 
SENSOR 

YEL 410 

ECM 

COOLANT SENSOR 
SIGNAL 

SY 

SENSOR GROUND 
TOTPSAND 

MAT (IF USED) 5-4-88 
SS 1715-6E 6-20-88 

CODE15 
COOLANT TEMPERATURE SENSOR CIRCUIT 

(LOW TEMPERATURE INDICATED) 
S.OL (VIN E) .,F. CARLINE (TBI) 

Circuit Description: 
The coolant temperature sensor uses a thermistor to control the signal voltage at the ECM. The ECM 

applies a voltage on CKT 410 tp the sensor. When the engine coolant is cold, the sensor (thermistor) resistance 
is high, therefore, the ECM wilJ.see high signal voltage. 

As the engine coolant warms, the sensor resistance becomes less, and the voltage drops. At normal engine 
operating temperature (85°C-95°C or 185°F-203°F) the coolant sensor signal voltage will be about 1.5 to 2.0 
volts at the ECM. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 15 will set if:-

• Engine running longer than 30 seconds 
• Engine coolant temperature less than -30"C 

(-22°F), for 3 seconds 
2. This test simulates a Code 14. If the ECM 

recognizes the low signal voltage, (high 
temperature) and the "Scan" reads 130°C (266°F) 
or above, the ECM and wiring are OK. 

3. This test will determine if CKT 410 is open. There 
should be 5 volts present at sensor connector if 
measured with a DVM. 

Diagnostic Aids: 

A .. Scan" tool reads engine coolant temperature in 
degrees centigrade. After engine is started the 
temperature should rise steadily to about 90"C (194°F) 
then stabilize when the thermostat opens. 

If Code 21 is also set, check CKT 452 for faulty 
wiring or connections. Check terminals at sensor for 
good contact. 

Refer to "Intermittents" in Section "Bn. 



DRiVEABIUTY AND EMISSIONS 5.0L (VIN E) 6E2-A-27 

CODE 15 
COOLANT TEMPERATURE SENSOR CIRCUIT 

(LOW TEMPERATURE INDICATED) 
5.0L (VINE) •F" CARLINE (TBI) 

0 • DOES •sCAN• TOOL DISPLAY COOLANT TEMPERATURE OF -30-C OR LESS? 

© • DISCONNECT SENSOR. 
• JUMPER HARNESS TERMINALS TOGETHER. 
• •sCAN• TOOL SHOULD DISPLAY 130-C OR MORI. 

DOESIT? 

0 • JUMPERCKT410TOGROUND. 
• •SCAN• TOOL SHOULD DISPLAY OYER 130-C. 

DOESIT? 

OPEN SENSOR GROUND 
CRCUIT, FAUL TY CONNECTION 
OR FAUL TY ECM. 

DIAGNOSTIC AID 

COOLANT SENSOR 

CODE 15 IS INTERMITTENT. If NO 
ADDITIONAL CODES WERE STORED, REFER 
TO ·DIAGNOSTIC AIDS- ON FAONG PAGE. 

FAUL TY CONNECTION OR SENSOR. 

OPEN OCT 410,FAULTY 
CONNECTION AT ECM, OR 
FAULTYECM. 

TEMPERATURE TO RE5'STANCE VALUES 

(APPROXIMATE) 
,= "C OHMS 

210 100 185 

160 70 450 

100 38 1.800 

70 20 3,400 

40 4 7,500 

20 -7 13,500 

0 -18 25,000 

-40 -40 100,700 

CLEAR CODES AND CONFIRM "CLOSED Loo,· OPERATION AND NO ·seRVICE ENGINE SOON. LIGHT. 
S-26-88 

•753261-GE 



6E2-A-28 5.0L (VIN E) DRIVEABIUTY AND EMISSIONS 

THROmE 
POSmON 
SENSOR 

FRONTVIEW 
OF CONNECTOR 

TOCTSAND 
MAT (IF USED) 

TOMAP 
SENSOR 

...--- 452 BU< 

ECM 

SENSOR 
GROUND 

TPSSIGNAL 

C14 5V REFERENCE 

5-4-88 
6S2647-6E 

CODE 21 
THROTTLE POSITION SENSOR (TPS) CIRCUIT 

(SIGNAL VOLTAGE HIGH) 

Circuit Description: 
5.0L (VIN E) uFn CARLINE (TBI) 

The throttle position sensor (TPS) provides a voltage signal that changes relative to the throtttle blade. 
Signal voltage will vary from about .5 at idle to about 5 volts at wide open throttle. 

The TPS signal is one of the most important inputs used by the ECM for fuel control and for most of the 
ECM controlled outputs. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 21 will set if: 

• TPS signal voltage is greater than 2.5 volts 
• All conditions met for 8 seconds 
• MAP less than 52 kPa (or greater than 15" 

HG) 
2. With the TPS sensor disconnected, the TPS 

voltage should go low if the ECM and wiring are 
OK. 

3. Probing CKT 452· with a test light checks the 5 
volt return circuit, because a faulty 5 volts return 
will cause a Code 21. 

Diagnostic Aids: 

A "Scan" tool reads throttle position in volts. The 
signal voltage when the throttle is closed should be 
less than 1.25 volts. With ignition "ON" or at idle, 
voltage should increase at a steady rate as throttle is 
moved toward WOT. 

An open in CKT 452 will result in a Code 21. 
Refer to "Intermittents" in Section "B". 



·oRIVEABIUTY AND EMISSIONS 5.0L {VINE) 6E2-A-29 

0 • THROTTLE Q.OSED. 

CODE21 
THROTTLE POSITION SENSOR (TPS) CIRCUIT 

{SIGNAL VOLTAGE HIGH) 
5.0L (VINE) °F." CARLINE (TBI) 

DOES •sCAN" TOOL DISPlA Y TPS OVER 2.5 VOL TS7 

DISCONNECT SENSOR. •sCAN" TOOL SHOULD 
DISPLAY TPS BELOW .2 VOLT (200mV). 
DOES In 

PROBE SENSOR GROUND ORCUIT 
WITH A TEST LIGHT CONNECTED TO 
BATTERY VOLTAGE. 

FAULTY CONNECTION 
OR 
SENSOR. 

CODE 21 IS INTERMITTENT. IF NO ADDITIONAL CODES WERE 
STORED, REFER TO -DIAGNOSTIC Alos· ON FAONG PAGE. 

CKT 417 SHORTED TO VOLTAGE 
OR 
FAULTYECM. 

OPEN SENSOR GROUND CIRCUIT 
OR 
FAULTYECM. 

0.EAR CODES AND CONFIRM ·cLOSED LOOP• OPERATION AND NO "SERVICE ENGINE SOON" LIGHT. 
3-9-88 

•753057-6E 

r 



6E2-A-30 5.0L (VIN E) DRIVEABILITY AND EMISSIONS 

THROmE 
POSmON 
SENSOR 

&-20-88 

FRONTVIEW 
Of CONNECTOR 

TOCTSAND 
MAT (IF USED) 

TOMAP 
SENSOR 

--- 452BLK 

ECM 

SENSOR 
GROUND 

TPSSIGNAL 

SY REFERENCE 

5-4-88 
652647-&E 

CODE22 
THROTTLE POSITION SENSOR (TPS) CIRCUIT 

(SIGNAL VOLTAGE LOW) 
5.0L (VIN E) UFff CARLINE (TBI) 

Circuit Description: 
The throttle position sensor (TPS) provides a voltage signal that changes relative to the throttle blade. 

Signal voltage will vary from about .5 at idle to about 5 volts at wide open throttle. 
The TPS signal is one of the most important inputs used by the ECM for fuel control and for most of ·the 

ECM controlled outputs. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
l. Code 22 will set if: 

• Engine.running 
• TPS signal voltage is less than about .2 volt for 

3seconds. 
2. Simulates Code 21: (high voltage) If the ECM 

recognizes the high signal voltage the ECM and 
wiring are OK. 

3. The TPS has an auto zeroing feature. If the 
voltage reading is within the range of 0.35 to 0.7 
volts, the ECM will use that value as closed 
throttle. If the voltage reading is out of the auto 
zero range at closed throttle replace the TPS, refer 
to Section "6E2-Cl" On-Car Service. 

4. This simulates a high signal voltage to check for 
an open in CKT 417. The "Scann tool will not read 
up to 12 volts, but what is important is that the 
ECM recognizes the signal on CKT 417. 

Diagnostic Aids: 

The signal voltage when the throttle is closed 
should be less than 1.25 volts. With ignition "ON" 
or at idle, voltage should increase at a steady rate 
as throttle is moved toward wor. 

An open or short to ground in CKT 416 or CKT 
417 will result in a Code 22. 

Refer to "Intermittents" in Section "B". 



DRIVEABILITY AND EMISSIONS 5.0L (VIN E) 6E2-A-31 

CODE 22 
THROTTLE P()SITION SENSOR (TPS) CIRCUIT 

(SIGNAL VOLTAGE LOW) 

THROmE CLOSED. 
DOES •SCAN• DISPlA Y TPS .2V (200 mV) OR BELOW? 

© • DISCONNECT TPS SENSOR. 
• JUMPERCKTS416&417TOGETHER. 

·sCAN- SHOULD DISPLAY TP5 OVER 4.0 Y (4000 mV). 
DOESm 

PROBE CKT 417WITH A TESTLIGHT 
CONNECTED TO BATTERY VOLTAGE. 
·sCAN-TOOL SHOULD DISPLAY TPS OVER 
4.0V (4000 mV). 
DOES IT? 

CKT 416 OPEN OR SHORTED TO GROUND 
OR 
FAULTY CONNECTION 
OR 
FAULTYECM. 

5.0L (VINE) ,.F .. CARLINE (TBI) 

• CODE 22 IS INTERMITTENT. 
IF NO AODITTON~L CODES WERE STORED, REFER TO 
·DIAGNOSTIC AJos· ON FAONG PAGE. 

0 • REFER TO FAONG PAGE FOR 
SPEOFIC INSTRUCTIONS. 

CKT 417 OPEN OR SHORTED TO GROUND, OR 
· SHORTED TO SENSOR GROUND ORCUIT 

OR 
FAUL TY ECM CONNECTION 
OR 
FAULTY ECM. 

CLEAR CODES AND CONFIRM ·CLOSED Loop• OPERATION AND NO ·sERVICE ENGINE SOON# LIGHT. 
3·10-88 

•7S3365-6£ 



6E2-A-32 5.0L (VIN E) DRIVEABILITY AND EMISSIONS 

MATSENSOR 

~~ 

ECM 

MAT SENSOR 
SIGNAL 

SY 

SENSOR 
GROUND 

TOTPSANDCTS 

6-20-88 
5-5-88 

8S4974-6E 

CODE23 
MANIFOLD AIR TEMPERATURE (MAT) SENSOR CIRCUIT 

(LOW TEMPERATURE INDICATED) 
5.0L (VIN E) ,.F., CARLINE (TBI) . 

Circuit Description: 
The manifold air temperature (MAT) sensor uses a thermistor to control the signal voltage to the ECM. 

The ECM applies a voltage (~b~t 5 volts) on CKT 472 to the sensor. When the manifold air is cold, the sensor 
(thermistor) resistance is high, therefore, the ECM will see a high signal voltage. If the manifold air is warm, 
the sensor (thermister) resistance is low, therefore, the ECM will see a low voltage. 

Test Desaiption: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 23 will set if: 

• A signal voltage indicates a manifold air 
temperature below -30°C (-22°F) for 12 
seconds. 

• Time since engine start is 1 minute or longer 
2. A Code 23 will set, due to an open sensor, wire or 

connection. This test will determine if the wiring 
and ECM are OK. 

3. This will determine .if the MAT sensor signal CKT 
472 or the MAT sensor ground CKT 452 is open. 

Diagnostic Aids: 

A "Scan" tool indicates the temperature of the air 
in the air cleaner because the MAT sensor is mounted 
in the air cleaner. 

Carefully check harness and connections for 
possible open CKT 472 or CKT 452. 

Refer to "lntermittents" in Section "B". 

If the engine has been allowed to sit overnight, the 
manifold air temperature and coolant temperature 
values should read within a few degrees or each other. 
After .the engine is started, the MAT will increase due 
to Thermac operation and underhood te~peratures. 



DRIVEABILITY AND EMISSIONS 5.0L (VIN E) 6E2·A-33 

CODE 23 
MANIFOLD AIRTEMPERATURE (MATI SENSOR CIRCUIT 

. (LOW TEMPERATURE INDICATED) 
5.0L {VINE) nf" CARLINE (TBI) 

1 • DOES •SCAN• TOOL DISPlA Y MAT -30-C OR COLDER? 

• JUMPER HARNESS TERMINALS 
TOGETHER. 

• "SCAN"TOOLSHOULDDISPlAY 
TEMPERATURE OVER 130-C. 
ooesm 

DIAGNOSTIC AID 

MAT SENSOR 

TEMPERATURE VS. RESISTANCE VALUES 

(APPAOXIMA TE) 
,= "C OHMS 

210 100 185 

160 70 450 

100 38 1,800 

70 20 3,400 

40 4 7,500 

20 -7 13,500 

0 -18 25,000 

-40 -40 100,700 

CODE 2315 INTERMITTENT. If NO 
ADDITIONAL CODES WERE 
STORED, REFER TO "DIAGNOSTIC 
AIDS" ON FAONG PAGE. 

0 • JUMPER CKT '72 TO GROUND. 
• "SCAN" TOOL SHOULD DISPLAY 

TEMPERATURE OVER 130°C. 
DOESITT 

OPEN SENSOR 
GROUND CIRCUIT, 
FAULTY CONNECTION 
OR FAUL TY ECM. 

OPEN CKT 472, 
FAUL TY CONNECTION 
OR FAULTY ECM. 

aEAR CODES AND CONFIRM ·aoseo LOOP" OPERATION AND NO ·seRVICE ENGINE SOON. LIGHT. 
9-21-87 
•7S3285-6E 



6E2-A-34 5.0L . (VIN E) DRIVEABILITY AND EMISSIONS 

VEHlaE SPEED 
SENSOR lOCRUISE 

CONTROL 
ECM 

· VSS BUFFER ?f 
(MOUNTED NEX 

TOECM) 

I.P. 
CONNECTOR 

(( 8RN437 
K 

P/NSWJTCH 

VSSSIGNAL 

12V 

Q][K](D ffitj)l]][[J [a] 

Iii !El [fil@ [11 fi:] r BLK/WHT 450 --e '-- ORN/BlK 434 12V 

_L CLOSEDIN 
15-WAY .I.P. CONNECTOR 

6-20-88 

PARK OR NEUTRAL 
5-20-88 

*7S3378-6E 

CODE 24 
VEHICLE SPEED SENSOR (VSS) CIRCUIT 

5.0L (VIN E) "F" CARLINE (TBI) 
Circuit Desuiption: 

The ECM applies and monitors 12 volts on CKT 437. CKT 437 connects to the vehicle speed sensor which 
alternately grounds CKT 437 when drive wheels are turning. This pulsing action takes place about 2000 times 
per mile and the ECM will calculate vehicle speed based on the time between "pulses". 

A "Scan" reading should closely match with speedometer reading with drive wheels turning. 
Disregard a Code 24 set when drive wheels are not turning. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 24 will set if: 

• CKT 437 voltage is constant 
• Engine speed is between 1400 and 3600 rpm 
• TPS is less than 2% throttle opening 
• Low load condition 
• Not in park or neutral 
• All conditions must be met for 4 seconds 
These conditions are met during a road load 
deceleration. 

2. A voltage of less than 1 volt, at the 15-way 1/P 
connector indicates that the CKT 437 wire may be 
shorted to ground. Disconnect CKT 437 at the 
vehicle speed sensor buffer. 

If voltage remains less than 10 volts, then CKT 
437 wire is grounded or open. If 437 is not 
grounded or open, check for a faulty ECM 
connector or ECM. 

Diagnostic Aids: 

If "Scan" displays vehicle speed, check 
park/neutral swit1:h CHART C-lA on vehicle with 
automatic transmission. If switch is OK, check for 
intermittent connections. An open or short to ground 
in CKT 437 will result in a Code 24. Refer to Section 
"SA" for complete ~ring diagram. 

Refer to "lntermittents" in Section "B". 
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DRIVEABIUTY AND EMISSIONS 5.0L (VIN E) 6E2-A~35 . 

CODE24 
VEHICLE SPEED SENSOR (VSS) CIRCUIT 

5.0L- (VIN E) •Fn CARLINE (TBI) 

NOTE: TO PREVENT MISDIAGNOSIS, THE TECHNIOAN SHOULD REVIEW ELECTRICAL SECTION •SA• OR 

THE ELECTRICAL TROUBLESHOOTING MANUAL AND IDENTIFY THE TYPE OF VEHIQ.f SPEED 

SENSOR USED PRIOR TO USING THIS CHART. DISREGARD CODE 24 IF SET WHEN DRIVE WHEEi 

ARE NOT TURNING. 

• ASSUMES SPEEDOMETER IS WORKING OK. 
• RAISE DRIVE WHEELS. · 
• WITH ENGINE IDLING IN GEAR, •sCAN• SHOULD 

DISPLAY MPH ABOVE 0. 
OOESIT? 

• ENGINE STILL IDUNG IN GEAR. 
• BACKPROBE CICT 437 AT IP CONNECTOR WITH 

VOLTMETER TO GROUND. 
• ISVOLTAGEVARYINGBETWEEN1AND12 VOLTS? 

• IGNmON ·oFF-. 
• DISCONNECT VSS BUFFER 
• IGNmON ·oN. -
• BACK PROBE CICT 437 AT IP CONNECTOR WITH 

VOLTMETER TO GRQUND. 
• SHOULD DISPLAY 10VOLTS OR MORE. 

DOESITT 

CKT 437 OPEN BETWEEN IP 15-WAY CONNECTOR 
ANO VSS BUFFER CONNECTOR 
OR 
FAULTY BUFFER. 

CODE 24 IS INTERMITTENT. If NO 
ADDmONAL CODES WERE STORED, 
REFER TO • DIAGNOSTIC AIDS• 
ON FAONG PAGE . 

CKT 437 SHORTED TO GROUND, OPEN 
BETWEEN ECM ANO IP 15-WAY CONNECTOR 
OR 
FAULTY ECM. 

CLEAR CODES AND CONFIRM ·cLOSED Loop• OPERATION AND NO ·seRVICE ENGINE sooN· LIGHT. 



· 6E2-A-36 5.0L (VIN E) DRIVEABIUTY AND EMISSIONS 

MAT SENSOR 

ECM 

MATSENSOR 
SIGNAL 

~ 
,._ ________ TAN 472 5V 

---------- BLIC 452 
SENSOR 

GROUND 

TOTPSANDas 

6-2o-88 
5-5-88 

8S4974-fiE 

CODE 25 
MANIFOLD AIR TEMPERATURE (MA'O SENSOR CIRCUIT 

(HIGH TEMPERATURE INDICATED) 
S.OL (VINE) •F• CARLINE (TBI) 

Circuit Description: 
The manifold air t.emperature (MAT) sensor uses a thermistor to control the signal voltage to the ECM. The 

ECM applies a voltage {abouil' 5 volts) on CKT 472 to the sensor. When manifold air is cold, the sensor 
{thermistor) resistance is high, therefore, the ECM will see a high signal voltage. If the manifold air is warm, 
the sensor (thermistor) resistance is low, therefore, the ECM will see a low signal voltage. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 25 will set if: 

• Signal voltage indicates a manifold air 
t.emperature great.er than 150°C (302°F) for 2 
seconds. 

• Time since engine start is 2 minutes or longer. 
• Vehicle speed 1ias to be great.er than 5 MPH. 

Diagnostic Aids: 

Manifold air temperature on a "Scan" tool 
indicates the t.emperature of the air in the air cleaner, 
because the MAT sensor is locat.ed in the air cleaner. 
If the engine has been allowed to sit overnight, the 
manifold air t.emperature and coolant temperature 
values should read within a few degrees of each other. 
After the engine is started, the MAT will increase due 
to Thennac operation and underhood t.emperatures, 
however, MAT will rarely exceed 80"C. If a higher 
MAT than 80"C is noted, check for proper Thermac 
operation. Use Section "C14". 

Check harness routing for possible short to ground 
inCKT472. 

Refer to "lnt.ermittents" in Section "B•. 



DRIVEABILITY AND EMISSIONS 5.0L (VIN E) 6E2-A-37 · 

CODE 25 
MANIFOLD AIR TEMPERATURE (MAn SENSOR CIRCUIT 

(HIGH TEMPERATURE INDICATED) 
5.0l (VINE) .. F. CARLINE (TBI) 

0 . DOEs•sCAN-TOOlDISPLAYMATOF1"5-CORHOmR? 

• DISCONNECf SENSOR. 
•sCAN• TOOL SHOULD DISPLAY 
TEMPERATURE IELOW-30-C. 
DOESITT 

DIAGNOSTIC AID 

MATSENSOR 

TEMPERA TURI VS. RESISTANCE VALUES 

(APPROXIMATE) .., -c OHMS 

210 100 185 

160 70 450 

100 38 1,800 

70 20 3.400 

40 4 7,500 

20 -7 13,500 

0 -18 25,000 

-ta -40 100,700 

CODE 2515 INTERMTTENT. 
IF NO ADDITIONAL CODES WERE 
STORED, REFER TO •DIAGNOSTIC 
AIDS• ON FAONG PAGE. 

OCT 472 SHORTED TO GROUIID, 
OR TO SENSOR GROUND, 
OR ECM IS FAULTY. 

O.EAR CODES AND CONFIRM ·a.oSED Loo,· OPERATION ANO NO ·seRVla ENGINE SOON- UGHT. 11-23-87 
753190-6£ 



6E2:-A~38 5.0L (VIN_ E) DRIVEABILITY_,\NO EMiSSIONS. 

TO 
E:VALVE ___ i_ 

IGN 

GAGE 
FUSE 

TO 
PORTED 

VACUUM 

EGR SOLENOID. 
N.C. ECM 

39 

PNIC/BLK 
.__ _______________ GRY435 

►20-88 
5-16-88 

7S3555-6E : 

CODE32 

Circuit Description: 

EXHAUST GAS RECIRCULATION (EGR) CIRCUIT 
5.0L (VINE) "F" CARLINE {TBI) 

The ECM operates a solenoid to control the exhaust gas recirculation (EGR) valve. This solenoid is 
normally closed. By providing a ground path, the ECM energizes the solenoid which then allows vacuum to pass 
to the EGR valve. 

The ECM monitors EGR effectiveness by de-energizing the EGR control solenoid thereby shutting off 
vacuum to the EGR valve diaphragm. With the EGR valve closed, manifold vacuum will be greater than it was 
during normal EGR operation and this change will be relayed to the ECM by the MAP sensor. If the change is 
not within the calibrated window, a Code 32 will be set. 

The ECM will check EGR operation when: 
• Vehicle speed is above 50 mph 
• Engine vacuum is between.40 and 51 kPa (or 12" HG and 15" HG) 
• No change in throttle position while test is being run 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
I. Checks for EGR solenoid stuck open. 
2. Checks for EGR solenoid always being energized. 
3. Grounding diagnostic .. test" terminal should 

energize EGR solenoid and vacuum should drop. 
4. Negative backpressure EGR valve should hold 

vacuum with engine "OFF." 
5. When engine is started, exhaust backpressure 

should cause vacuum to bleed off and valve to fully 
close. 

Diagnostic Aids: 

Vacuum lines should be thoroughly checked for 
internal restrictions. The ECM uses the MAP sensor 
for checking EGR operation. If there is a question of 
MAP sensor accuracy use CHART C-1D MAP output 
check in Section "C". 

If no problems are found refer to "Interm.ittents" 
in Section "B". . 



DRIVEABIUTY AND EMISSIONS S.OL (VIN E) 6E2-A .. 39 

-CODE32 
BEFORE USING THIS CHART OtECK FOR MANIFOLD VACUUM TO EGR 

EXHAUST GAS RECRICULA TION SOLENOID, THERE SHOULD BE AT LEAST 25 le.Pa (7• HG) OF VACUUM 
AT 2000 RPM. OiECK VACUUM HOSES FOR LEAKS OR RESTRICTIONS. (EGR) CIRCUIT 

0· DISCONNECT EGR SOLENOID VACUUM HARNES$. 
5.0L (VIN E) .. F. CARLINE (TBI) 

• ROTATE HARNESS AND REINSTALL ONLY THE EGR VALVE SIDE, 

• IGNITION •oN•, ENGINE STOPPED • 
• GROUND DIAGNOSTIC TERMINAL 
• INST AU A HAND HELO VACUUM PUMP WITH GAGE TO MANIFOLD 

SIDE OF EGR SOLENOID. 
• APPLY VACUUM AND OBSERVE EGR VALVE DIAPHRAGM. 
• VALVE SHOULD MOVE. 

DOESm 
■ 

s GJ 
© • UNGROUND DIAGNOSTIC TERMINAL 

• CONNECT VACUUM PUMP TO EGRVALVE 
SIDE OF HARNESS. 

• VACUUM SHOULD BLEED OFF AND • APPLY VACUUM AND OBSERVE VALVE • 
VALVE SHOULD O.OSE. • VALVE SHOULD MOVE . 
DOESITI DOESITI 

■ 

s GJ ~ ~ 8 • IGNITION "OFF• • DISCONNECT 

• CONNECT A VACUUM SOLENOID • FAULTY VACUUM HOSE 

PUMP TO EGR VALVE. ELECTRICAL TO EGR VALVE OR FAULTY 

• USING A MIRROR, CONNECTOR. VALVE. 

OBSERVE EGR DOES VACUUM © DIAPHRAGM WHILE BLEED OFF? • DISCONNECT EGR ELECTRICAL CONNECTOR. 

APPLYING VACUUM. • CONNECT TEST LIGHT BETWEEN HARNESS 

• DIAPHRAGM SHOUI.D s ~ 
CONNECTOR TERMINALS. 

MOVE FREELY AND • IGNmON •oN·, ENGINE ·oFF-. 

HOLD VACUUM FOR AT • TESTUGHTSHOULDUGHT. 

LEAST 20 SECONDS. CKT 435 SHORTED REPLACE DOESITT 

DOESITI TO GROUND OR SOLENOID I 
FAULTYECM. s GJ I 

s t~~ FAULTY CONNECT TEST LIGHT 

©· 
SOLENOID BETWEEN HARNESS TERMINAL 

APPLY 34 kPa (10• HG} VACUUM I REPLACE EGR I CONNECTION •A" AND GROUND. 

TO EGR VALVE. VALVE. . OR FAULTY 
• START ENGINE AND IMMEDIATELY SOLENOID. 

OBSERVE VACUUM GAGE ON -■ 

VACUUM PUMP. NOUGHT l UGHTI 
• VALVE 15 GOOD IF DIAPHRAGM -

HAS MOVED To· SEATED POSmON REPAIR REPAIR OPEN CKT 435. 
(VALVE O.OSEO) AND VACUUM OPEN IF NOT OPEN, ff IS A 
DROPPED WHILE STARTING CKT39. FAULTYECM. 
ENGINE. 

-
■ ■ 

VACUUM DROPPED I NO VAaJUM DROP I 
I I 

BE SURE VACUUM HOSE BETWEEN • REMOVE EGR VALVE. 
SOLENOID AND EGR VALVE IS OK. • CHECK PASSAGES 
(NO LEAKS OR RESTRICTIONS) IF FOR BEING PLUGGED. 
NO PROBLEM IS FOUND, THE EGR IF NOT PLUGGED, 
CIRCUIT IS OK. REPLACE VALVE, 

5-5-88 
CLEAR CODES AND CONFIRM •a.oSED LOOP• OPERATION AND NO "SERVICE ENGINE SOON• LIGHT. 7S 35s.t-6E 



6E2-A-40 5.0L (VIN E) DRIVEABILITY AND EMISSIONS 

~i-_-· _ .M_A_P_s_EN ... s_o..,R __ _ 

Li] +++ J A 8 C 

MANIFOLD 
ABSOLUTE ~ 

TOTPS 
SENSOR 

ECM 

PRESSURE 
(VACUUM) 

...._ ________ 416GRY 
SVREF 

.....__ _________ 432LTGRN 

'-------------455PPL 
SENSOR 

-::- GROUND 
6-20-88 6-25-87 

* 6S2672-6E 

CODE 33 
MANIFOLD ABSOLUTE PRESSURE (MAP) SENSOR CIRCUIT 

(SIGNAL VOLTAGE HIGH- LOW VACUUM) 

Circuit Description: 
5.0L (VIN E) "F" CARLINE (TBI) 

The manifold absolute pressure sensor (MAP) responds to changes in manifold pressure (vacuum). The 
ECM receives this information as a signal voltage that will vary from about 1-1.5 volts at idle to 4-4.5 volts at 
wide open throttle. 

A "Scan" displays manifold pressure in volts. Low pressure (high vacuum) reads a low voltage while a high 
pressure (low vacuum) reads a high voltage. · 

If the MAP sensor fails the ECM will substitute a fixed MAP value and use the throttle position sensor 
(TPS) to control fuel delivery. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 33 will set when: 

• Signal is too high, (kPa greater than 68 kPa or 
less than 9" HG), for a time greater than 5 
seconds. 

• TPS less than 4% 
Engine misfire or a low unstable idle may set Code 
33. Disconnect MAP sensor · and system will go 
into backup mode. If the misfire or idle condition 

· remains, see ''Symptoms" in Section "B". . 
2. If-the ECM recognizes the low MAP signal, the 

ECM and wiring are OK. 

Diagnostic Aids: 

If the idle is rough or unstable refer to 
"Symptoms" in Section "B" for items which can cause 
an unstable idle. 

An open in CKT 455 will result in a Code 33. 
With the ignition "ON" and the engine stopped, 

the manifold pressure is equal to atmospheric 
pressure and the signal voltage will be high. This 
information is used by the ECM as an indication of 
vehicle altitude and is referred to as BARO. 
Comparison of this BARO reading with a known good 
vehicle with the same sensor ~ ·a good way to check 
accuracy of a "suspect" sensor. Reading should be the 
same, ± .4 volt. 

Also CHART C-10 can be used to test the MAP 
sensor. 

Refer to "Intermittents" in Section "B". 
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CODE 33 
MANIFOLD ABSOLUTE PRESSURE (MAP) SENSOR CIRCUIT 

(SIGNAL VOLTAGE HIGH-LOW VACUUM) 
5.0L (VINE) •F• CARLINE {TIii) 

'1\ • IF ENGINE IDLE IS ROUGH. UNSTABLE, OR INCORR~CT, CORRECT 
\..:..,/ CONDITION BEFORE USING CHART. SEE ·svMPToMS-1N SECTION •••• 

• ENGINE IDLING. 
• DOES •sCAN• TOOL DISPLAY A MAP VOLTAGE OF 4.0 VOL TS OR OVER? 

• IGNmON ·oFr. 
f'i\ • DISCONNECT MAP SENSOR ELECTIIICAL CONNECTOR. 
'v • IGNmoN•ON• . . 

• •soN• TOOL SHOULD READ A VOLTAGE OF 1 VOLT 
OR LESS. 
DOESITT 

• PROBE SENSOR GROUND CIRCUITWITH 
A TEST LIGHT TO BATTERY VOLTAGE. 

• TEST LIGHT SHOULD LIGHT. 
DOESITT 

PLUGGED OR ~KING 
SENSOR VACUUM HOSE OR 
FAUL TY MAP SENSOR. 

CODE 33 IS INTERMITTENT. 
IF NO ADDITIONAL CODES WERE 
STORED, REFER TO •DIAGNOSTIC 
AIDS• ON FACING PAGE. 

OCT .432 SHORTED TO VOLTAGE, 
SHORTED TO CKT 416, OR 
FAULTYECM. 

MAP SENSOR VOLTAGE VS. ALTITUDE WITH 
IGNITION '"ON .. AND ENGINE "OFF'" 

ALTITUDE 
Meters Feet 

Below305 
305-610 
610-914 
914-1219 

1219-1524 
1524-1829 
1829-2133 
2133-2438 
2438-2743 
2743-3048 

Below1,000 
1.000--2,000 
2,000--3 ,000 
3,000--4,000 
4,000--5,000 
5,000--6,000 
6.000--7.000 
7 ,000-8,000 
8,000--9,000 
9,000--10,000 

VOLTAGE RANGE 

3.8-5.SV 
3.6-5.3V 
3.S-5.1V 
3.3-5.0V 
3.2---4.SV 
3.0---4.6V 
2.9---4.SV 
2.8-4.3V 
2.6-4.2V 
2.5-4.0V 

LOWALTITUDE = HIGH PRESSURE= HIGH VOLTAGE 

3-15-88 
•7S3210-6E 
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CODE 34 
MANIFOLD ABSOLUTE PRESSURE (MAP) SENSOR CIRCUIT 

(SIGNAL VOLTAGE LOW- HIGH VACUUM) 
5.0L (VIN E) "F" CARLINE (TBI) 

Circuit Description: 
The manifold absolute pressure sensor (MAP) responds to changes in manifold pressure (vacuum). The 

ECM receives this information as a signal voltage that will vary from about 1-1.5 volts at idle to 4-4.5 volts at 
wide open throttle. 

A .. Scan" displays manifold pressure in volts. Low pressure (high vacuum) reads a low voltage while a high 
pressure (low vacuum) reads a high voltage. 

If the MAP sensor· fails the ECM will substitute a fixed MAP value and use the throttle position sensor 
(TPS) to control fuel delivery. 
Test Description: Numbers below refer to circled 
numbers on the diagnostic-chart. 
1. Code 34 will set when: 

• Signal is too low, (less than 14 kPa or greater 
than 28" HG) and engine running less than 
1200rpm 

OR 
• Engine running greater than 1200 rpm 
• Throttle position greater than 21 % (over 1.5 

volts) 
2. If the ECM recognizes the high MAP signal, the 

ECM and wiring are OK. 
3. The "Scan" tool may not display 12 volts. The 

important thing is that the ECM recognizes the 
voltage as more than 4 volts, indicating that the 
ECM and CKT 432 are OK. 

Diagnostic Aids: 

An intermittent open in CKTs 432 or 416 will 
result in a Code 34. . 

With the ignition "ON" and engine stopped, the 
manifold pressure is equal t.o atmospheric pressure 
and the signal voltage will be high. This information 
is used by the ECM as an indication of vehicle altitude 
and is ref'erred to as BARO. Comparison of this BARO 
reading with a known good vehicle with the same 
sensor is a good way to check accuracy of a "suspect" 
se~r. Reading should be the same, ± .4 volts. 

Also CHART C-1D can be used to test the MAP 
sensor. 

Refer to "Intennittents" in Section "B". 
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CODE 34 
MANIFOLD ABSOLUTE PRESSURE (MAP) SENSOR CIRCUIT 

(SIGNAL VOLTAGE LOW-HIGH VACUUM) 
5.0L (VINE) ''F" CARLINE (TBI) 

0 • ENGINE IDUNG. 
DOES .SCAN• TOOLDISPI.AY MAP VOLTAGE IELOW .25 VOLTI 

CODE 34 IS INTERMITTENT. © • IGNmoN-oFF·. 
• DISCONNECT SENSOR ELECTRICAL CONNECTOR. IF NO ADDITIONAL CODES WERE 

STORED, REFER TO •DIAGNOSTIC 
AIDS• ON FAONG PAGE. 

• JUMPER HARNESS TERMINALS ·r TO ·c·. 
• IGNfflON •oN•. 
• MAP VOLTAGE SHOULD READ OVER 4 VOLTS. 

DOESITT 

© • IGNfflON •oFF•. 
• REMOVE JUMPER WIRE. 
• PROBE TERMINAL •1• (CKT 432) WITH A TEST 

UGHTTO BATTERY VOLTAGE • 
• IGNmoN-oN-. 
• •SCAN• TOOL SHOULD READ OVER 4 VOLTS. 

DOESITT 

SV REFERENCE CIRCUIT OPEN OR 
SHORTED TO GROUND OR FAUL TY ECM. 

CKT4320PEN 
OR 
CKT 432 SHORTED TO GROUND 
OR 
OCT 432 SHORTED TO SENSOR GROUND 
OR 
FAULTYECM. 

MAP SENSOR VOLTAGE VS. ALTITUDE WITH 
IGNITION "ON• ANO ENGINE "OFF• 

ALTITUDE 
Meters Feet 

Below305 
305-610 
610-914 
914-1219 

1219-1524 
1524-1829 
1829-2133 
2133-2438 
2438-2743 
2743-3048 

Below1.000 
1.000-2.000 
2.000--3.000 
3,000-4.000 
4,000-5.000 
5,0D0-6.000 
6,000-7.000 
7 ,000-8,000 
8,000-9,000 
9,000-10.000 

VOLTAGE RANGE 

3.8-5.SV 
3.6-5.3V 
3.5--5.1V 
3.3-5.0V 
3.2--4.BV 
3.o-4.6V 
2.9-4.SV 
2.B--4.3V 
2.6---4.2V 
2.5--4.0V 

LOW ALTITUDE = HIGH PRESSURE= HIGH VOLTAGE 3-15-88 
•753211-6E 



6E2-A-44 5.0L ·(VIN E) DRIVEABILITY.AND EMISSIONS 

·c· 

-♦- ..a... / BlK 
IGN ~~ CONN. 

I GRY 
CONN. 

IGNfflON COIL JACH 
CONNECTOR • 

DISTRIBUTOR 

r, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

GRY 
CONN. 

L---
6-20-88 

~ JACH.LEAD 

GRYCONN'., 

DISTRIBUTOR 4 TERM 
CONNECTOR 

-------423 WHJ 

'-------430PPl/WHT 

------<•~ 424 TAN/BLK 
SETTJMING _. 
CONNECTOR 
'-------- 453BLK/RED 

ECM 

EST 

REFERENCE 

BY.PASS 

9-21-87 

•8 S"°6-6E 

CODE42 

Circuit Desuiption: 

ELECTRONIC SPARK TIMING (Esn CIRCUIT 
5.0L (VIN E) •F" CARLINE (TBI) 

When the system is running on the ignition module, that is, no voltage on the bypass line, the ignition 
module grounds the EST signal. The ECM expects to see no voltage on the EST line during this condition. If it 
sees a voltage, it sets Code 42 and will not go into the EST mode. 

When the rpm for EST is reached (about 400 rpm), and bypass voltage applied, the EST should no longer be 
grounded in the ignition module so the EST voltage should be varying. 

If the bypass line is open or grounded, the ignition module will not switch to EST mode so the EST voltage 
will be low and Code 42 will be set. 

If the EST line is grounded, the ignition module will switch to EST, but because the line is grounded there 
will be no EST signal. A Code 42 will be set. 

Test Desuiption: Numbers below refer to circled 
numbers on the diagnostic chart. 
l. Code 42 means the ECM has seen an open or short 

to ground in the EST or bypass circuits: This test 
confirms Code 42 and that the fault causing the 
code is present. 

2. Checks for a normal EST ground path through the 
ignition module. An EST CKT 423 shorted to 
ground will also read less than 500 ohms; 
however, this will be checked later. 

3. As the test light voltage touches CKT 424, the 
module should switch causing the ohmmeter to 
"overrange" if the meter is in the 1000-2000 ohms 
position. Selecting the 10-20,000 ohms position 
will indicate above 5000 ohms. The important 
thing is that the module "switched." 

4. The modul~ did not switch and this step checks for. 
• EST CKT 423 shorted to ground 
• Bypass CKT 424 open 
• Faulty ignition module connection or module 

5. Confirms that Code 42 is a faulty ECM and not an 
intermittent in CKTs 423 or 424·. 

Diagnostic Aids: 
If a Code 42 was stored and the customer 

complains of a "Hard Start", the problem is most 
likely a grounded EST line (CKT 423). 

The "Scan" tool does not have any ability to hel-p 
diagnose a Code 42 problem. 

A PROM not fully seated in the ECM can result in 
a Code 42. 

Refer to "lntermittents" in Section "B". 



DRIVEABILITY AND EMISSIONS 5.0L (VIN E) 6E2-A~45 

CODE42 
ELECTRONIC_ SPARK TIMING (EST) CIRCUIT 

5.0L (VIN E) °F" CARLINE (TBI) 

• CLEAR CODES. 
• IDLE ENGINE FOR 1 MINUTE OR UNTIL CODE 42 SETS. 

DOES CODE 42 SET? 

• IGNmoN-oFF'". 
• DISCONNECT ECM CONNECTORS. 
• IGNITION •oN•. 
• OHMMETER SELECTOR SWITCH IN THE 1000 TO 2000 

OHMS RANGE. 
• PROBE ECM HARNESS CONNECTOR CKT 423 WITH AN 

OHMMETER TO GROUND. 
IT SHOULD READ LESS THAN 500 OHMS. 
DOESIT? 

• PROBE ECM HARNESS CONNECTOR CKT 424 WITH 
A TEST LIGHTTO BATTER~ VOLTAGE. 

G) • WITH OHMMETER STILL CONNECTED TO ECM HARNESS CKT 
423 AND GROUND. AGAIN PROBE ECM HARNESS CKT 424 
WITH THE TEST LIGHT CONNECTED TO BATTERY VOLTAGE. 
(AS TEST LIGHT CONTACTS CKT 424, RESISTANCE SHOULD 
SWITCH FROM UNDER 500 TO OVER S,000 OHMS, ) 
DOESIT? 

• DISCONNECT DIST. 4-WA Y CONNECTOR. NOTE 
OHMMETER THAT IS STILL CONNECTED TO CKT 423 AND 
GROUND. RESISTANCE SHOULD HAVE GONE HIGH (OPEN 
ORCUIT). 
DOESIT? 

CKT 424 OPEN, FAUL TY 
CONNECTIONS OR FAULTY 
IGNITION MODULE. 

CKT423 
SHORTED TO 
GROUND. 

CODE 42 INTERMITTENT. REFER TO 
•DIAGNOSTIC AIDS• ON FACING PAGE. 

OPEN CKT 423, FAULTY CONNECTION 
OR FAULTY IGNmON MODULE. 

• DISCONNECT IGNmON MODULE 4-WAY CONNECTOR. 

FAULTY IGNITION 
MODULE. 

• RECONNECT ECM AND IDLE ENGINE FOR 
ONE MINUTE OR UNTIL CODE 42 SETS. 
DOES CODE SET7 

CODE 42 INTERMITTENT. 
REFER TO •olAGNOSTIC 
AIDS. ON FACING PAGE. 

CLEAR CODES AND CONFIRM ·a.011D LOOP- OPERATION AND NO ·seRVICE ENGINE SOON- LIGHT. 
3-7-88 

• 7S3291-6E 
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CODE43 
ELECTRONIC SPARK CONTROL (ESC) CIRCUIT 

5.0L {VINE) .. F. CARLINE (TBI) 
Circuit Description: 

Electronic spark control is accomplished with a module that sends a voltage signal to the ECM. As the 
knock sensor detects engine knock, the voltage from the ESC module to the ECM drops, and this signals the 
ECM to retard timing. The ECM will retard the timing when knock is detected and rpm is above about 900 
rpm. 

Code 43 means the ECM has read low voltage on CKT 485 for longer than 5 seconds with the engine 
running or the system has failed the functional check. 

This system performs a functional check once per start up to check the ESC system. To perform this test the 
ECM will advance the spark when coolant is above 95°C (194°F) and at a high load condition (near WOT). The 
ECM then checks the signal at '137" to see if a knock is detected. The functional check is performed once per 
start up, if knock is detected when coolant is below 95°C (194°F) the test has passed and the functional check 
will not be run. If the functional check fails, the "Service Engine Soon" light will remain "ON" until ignition is 
turned "OFF" or until a knock signal is detected. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
l. If the conditions for a Code 43 are present the 

. "Scan" will always display "yes". There should 
not be a knock at idle unless an internal engine 
problem, or a system problem exists. 

2. This test will determine if the system is 
functioning at this time. Usually a knock signal 
can be generated by tapping on the block close to 
the area of the sensor. 

3. Because Code 43 sets when the signal voltage on 
CKT 485 remains low this test should cause the 
signal on CKT 485 to go high. The 12 volts signal 
should be seen by the ECM as .. no knock" if the 
ECMand wiring are OK. 

4. This test will determine if the knock signal is 
being detected on CKT 496 or if the ESC module is 
at fault. 

5. If CKT 496 is routed to close to secondary ignition 
wires the ESC module may see the interference as 
a knock signal. 

6. This checks the ground circuit to the module. An 
open ground will cause the voltage on CKT 485 to 
be about 12 volts which would cause the Code 43 
functional test to fail. 

7. Contacting CKT 496 with a test light to 12 volts 
should generate a knock signal. This will 
determine if the ESC module is operating 
correctly. 

Diagnostic Aids: 

* = ECM/IGN fuse 
Code 43 can be caused by a faulty connection at 

the knock sensor at the ESC module or at the ECM. 
Also check CKT 485 for possible open or short to , 
ground. 

Refer to "Intermittents" in Section "B". 



0 • ENGINE IDLING. 
• •SCAN• SET ON KNOCK SIGNAL 

0 

0 

IS THERE A KNOCK SIGNAL INDICATED? 

• DtSCONNECT ESC MODULE, 
• ENGINE IDLING. 
• PROBE HARNESS TERMINAL •c- (CICT 

485) WITH A TEST LIGHT CONNECTED 
TO 12VOLTS. 
AFTER 5 SECONDS, DOES •sCAN" 

. DISPLAY A KNOCK SIGNAL? 

• IGNfflON '"ON•. 
• PROBE TERMINAL 

•a• (CICT439) 
WITH A TEST LIGHT 
TO GROUND. 

LIGHT"ON" 

CICT 485 OPEN, 
SHORTED TO 
GROUND.OR 
FAULTYECM. 

• REMOVE CICT 496 FROM CONNECTOR. 
• RECONNECT ESC MODULE. 
• ENGINE IDLING. 

15 THERE A KNOCK SIGNAL INDICATED? 

DRIVEABIUTY AND EMISSIONS ·s.OL (VIN E) 6E2-A-47 

CODE43 
ELECTRONIC SPARK CONTROL (ESC) CIRCUIT 

5.0L (VIN E) "F" CARLINE (TBI) 

0 • ENGINE IDLING. 
• TAP ENGINE BLOCK IN AREA OF KNOCK SENSOR. 
• IS A KNOCK SIGNAL INDICATED WHILE TAPPING 

ON ENGINE? 

© • DISCONNECT ESC MODULE, 
• PROBE HARNESS TERMINAL 

•D• (CKT 486) WITH A TEST 
UGKTT012V. 

CODE 43 IS INTERMITTENT. IF 
NO ADOmONAL CODES WERE 
STORED, REFER TO •DIAGNOS· 
TIC Alos· ON FAONG PAGE. 

0 • RECONNECT ESC MODULE. 
• DISCONNECT KNOCK SENSOR. 
• ENGINE IDUNG. 
• MOMENTARLYTOUCH KNOCK 

SENSOR HARNESS (CICT 496) WITH 
A TESTLIGHT TO 12V. 

• EACH TIME THE TEST LIGHT 
CONTACTS CICT 496, A KNOCK 
SIGNAL SHOULD BE GENERA TED. 

• IS A KNOCK SIGNAL INDICATED 
WITH •sCAN.7 

REPAIR OPEN 
GROUND CICT 486. 

FAULTY CONNECTION AT SENSOR 
OR FAULTY KNOCK SENSOR. 

CKT 496 OPEN, SHORTED TO 
GROUND, FAULTY CONNEC
TION AT ESCMODULE, OR 
FAUL TY ESC MODULE. 

IF AN AUDIBLE KNOCK CAN BE HEARD, 
REPAIR INTERNAL ENGINE PROBLEM. IF OK. 
CHECK FOR ROUTING OF WIRE FROM KNOCK 
SENSOR TO ESC MODULE FOR PICKING UP 
FALSE KNOCK SIGNALS FROM AN ADJACENT 
WIRE. REROUTE AS NECESSARY. IF ROUTING 
IS CORRECT, REPLACE KNOCK SENSOR. 

l-12-87 
* 75 32!J2-6E 
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CODE44 
OXYGEN SENSOR CIRCUIT 
(LEAN EXHAUST INDICATED) 

5.0L (VINE) "F" CARLINE (TBI) 
Circuit Description: 

The ECM supplies a voltage of about .45 volt· between terminals .. D6" and "Dr. (If measured with a 10 
megohm digital voltmeter, t}u.s may read as low as .32 volt.) The 02 sensor varies the voltage within a range of 
about 1 volt if the exhaust is rich, down through about _.10 volt if exhaust is lean. 

The sensor is like an open circuit and produces no voltage when it is below about 360°C (600°F). An open 
sensor circuit or cold sensor causes "Open Loop" operation. 

Test Desuiption: Numbers below refer t.o circled 
numbers on the diagnostic chart. 
1. Code 44 is set when the 02 sensor signal voltage 

onCKT412. 
• Remains below .2 volt for 50 seconds 
• And the system is operating in "Closed Loop" 

Diagnostic Aids: 

Using the .. Scan", observe the block learn values 
at different rpm and air flow conditions to determine 
when the Code 44 may have been set. If the conditions 
for Code 44 exists the block learn values will be 
around 150. · · 
• Q2 Sensor Wire Sensor pigtail may be 

mispositioned and contacting the exhaust 
manifold. 

• Check for intermittent ground in wire between 
connector and sensor. 

• MAP Sensor A manifold absolute pressure (MAP) 
sensor output that causes the ECM to sense a 
higher than normal vacuum will cause the system 
to go lean. Disconnect the MAP sensor and if the 
lean condition is gone, replace the sensor. 

• Lean Injector(s) 
• Fuel Contamination Water, even in small 

amounts, near the in-tank fuel pump inlet can be 
delivered to the injectors. The water causes a lean 
exhaust and can set a Code 44. 

• Fuel Pressure System will be lean if pressure is 
too low. It may be necessary to monitor fuel 
pressure while driving the car at various road 
speeds and/or loads t.o confirm. See "Fuel System 
Diagnosis", CHART A-7. _ 

• Exhaust Leaks . If there is an exhaust leak, the 
engine can cause outside air to be pulled int.o the 
exhaust and past the sensor. Vaci.tum or 
crankcase leaks can cause a lean condition. 

• AIR System. Be sure air is not being directed t.o 
the exhaust ports while in "Closed Loop." If the 
block learn value goes dowsn while squeezing air 
hose t.o left side exhaust ports, refer to CHART C-
6. 

• If the above are OK, it is a faulty oxygen sensor. 



DRIVEASfUTY AND EMISSIONS 5.0l (VIN E) 6E2-A-49 

RUN WARM ENGINE (7S"C/1 &7"F TO 95"C/203"F) AT 1200 RPM. 

CODE44 
OXYGEN SENSOR CIRCUIT 
(LEAN EXHAUST INDICATED) 

5.0L (VIN E) "F" CARLINE (TBI) 

DOES •sCAN• TOOL INOICA TE 0 1 SENSOR VOLTAGE FIXED BELOW .35 VOLT (350 mV)? 

• DISCONNECT~ SENSOR; 
• WITH ENGINE IDLING, •sCAN• TOOL SHOULD 

DISPLAY 0 2 SENSOR VOLTAGE BETWEEN .35 VOLT 
AND .55 VOLT (350 mV AND 550 mV). 
DOESITT 

REFER TO •01AGNOSTIC 
Atos· ON FAONG PAGE. 

CODE 4415 INTERMITTENT. 
IF NO ADDITIONAL CODES WERE 

· STORED, REFER TO •01AGNOSTIC 
Alos· ON FAONG PAGE. 

CLEAR CODES AND CONFIRM •CLOSED LOOP• OPERATION AND NO .,SERVICE ENGINE SOON• LIGHT. 
5-3-88 
•753191-&E 
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CODE45 
OXYGEN SENSOR CIRCUIT 
(RICH EXHAUST INDICATED) 

S.OL (VIN E) "F" CARLINE (TBI) 
Circuit Description: . 

The ECM supplies a voltage of about .45 volt between terminals "06" and "07". (If measured with a 10 
megohm digital voltmeter, ti$ may read as low as .32 volt.) The Oi sensor varies the voltage within a range of 
about 1 volt if the exhaust is rich, down through about .10 volt if exhaust is lean. · 

The sensor is like an open circuit and produces no voltage when it is below about 360°C (600°F). An open 
sensor circuit or cold sensor causes "Open Loop" operation. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 45 is set when the 02 sensor signal voltage 

onCKT412. 
• Remains above . 7 volt for 50 seconds; and in 

"Closed Loop" 
• Engine time after start is 1 minute or more 
• Throttle angle greater than 2% (about .2 volt 

above idle voltage) but less than 25% 

Diagnostic Aids: 

Using the "Scan", observe the block learn values at 
different rpm conditions to determine when the Code 
45 may have been set. If the conditions for Code 45 
exists, The block learn values will be around 115. 
• Fuel Pressure System will go rich if pressure is too 

high; The ECM can compensate for some increase. 
However, if it gets too high, a Code 45 may be set. 
~e "Fuel System Diagnosis", CHART A-7. 

• Leaking injector See CHART A-7 
• Check for fuel contaminated oil 

• HEI Shielding An open ground CKT 453 (ignition 
system reference low) may result in EMI, or 
induced electrical "noise". The ECM looks at this 
"noise" as reference pulses. The additional pulses 
result in a higher than actual engine speed signal. 
The ECM then delivers too much fuel, causing 
system to go rich. Engine tachometer will also 
show higher than actual engine speed, which can 
help in diagnosing this problem. 

• Canister Purge Check for fuel saturation. If full of 
fuel, check canister control and hoses. See 
"Canister Purge", Section "C3". 

• MAP Sensor An output that causes the ECM to 
sense a lower than normal vacuum can cause the 
system to go rich. Disconnecting the MAP sensor 
will allow the ECM to set a fixed value for the 
sensor. Substitute a different MAP sensor if the the 
rich condition is gone while the -sensor is 
disconnected. 

• TPS An intermittent TPS output will cause the 
system to go rich, due to a false indication of the 
engine accelerating. 



DRIVEABIUTY AND EMISSIONS 5.0L (VIN E) 6E2-A-51 

CODE45 
OXYGEN SENSOR CIRCUIT 
{RICH EXHAUST INDICATED) 

5.0L (VIN E) "F" CARLINE (TBI) 

• RUN WARM ENGINE (75"C/167°FTO 95"C/203"F)AT 1200 RPM. 

0 • DOES "SCAN" TOOL. DISPLAY 0 2 SENSOR VOLTAGE FIXED ABOVE .75 VOLT (750 mV)? 

• DISCONNEO O;z SENSOR AND JUMPER 

HARNESS CKT 412 TO GROUND. 

• "SCAN• TOOL SH04LD DISPLAY 02 

BELOW .35 VOLT (350 mV). 

DOESITT 

REFER TO "DIAGNOSTIC 

AIDS" ON FAONG PAGE. 

CODE 4515 INTERMITTENT. 

IF NO ADDITIONAL CODES WERE 

STORED, REFER TO •otAGNOSTIC 

AIDS" ON FAONG PAGE. 

CLEAR CODES AND CONARM "CLOSED LOOP• OPERATION AND NO ff SERVICE ENGINE SOON" LIGHT. 

5·3-88 

•7S3192-6E 



6E2·A-52 s.oL· {VIN E) DRIVEABJLITY AND EMISSIONS 

IJP HARNESS CONNECTOR 
15WAY (FRONTVIEW) 

•RJSE 

TO ESC MODULE 

..... . . 
• F • 

TOIGN-4----e. ._..,._ _____ ...;•.....a,.........--41---- PNK/11.JC 439 

• See •Diagnostic Aids• below 

5-2o-88 

VATS 
DECOOER 
MOOULE 

: L • 

. . . . . -
15-WAY 
IIPCONN 

CODE 53 
VEHICLE ANTI-THEFT SYSTEM (VATS} CIRCUIT 

5.0l {VINE} .F,. CARLINE (TBI} 
Circuit Desuiption: 

ECM 

6-17-88 
854279-iE . 

The VA TS system is designed to disable vehicle operation if the incorrect key or starting procedure is used. 
The VATS decoder module sends a signal to the ECM if the correct key is being used. If the proper signal does 
not reach the ECM on CKT 2~, the ECM will not pulse the injectors "ONn and thus not allow the vehicle to be 
started. 

Code 53 will set, if the proper signal is not being received on CKT 229 ECM when the ignition is turned 
"ON." Code 53 does not store in the ECM memory but is only present when the conditions stated above are met. 

Test Description: Numbers below refer to circled Diagnostic Aids: 
numbers on the diagnostic chart. 
1. If the engine cranks, and a Code 53 is stored, it • = ECM/IGN fuse 

indicates that the portion of the module which 
generates the signal to the ECM is not operating 
or CKT 229 is open or shorted to ground. 
If the decoder module is found to be OK, as 
determined from Section "SA n, the ECM may be at 
fault, but this is not a likely condition. 

2. If Code 53 is stored, and the engine will not crank, 
it indicates that there is a VATS problem or an 
incorrect key or starting procedure is being used. 



• IGNmON "ON•. 
DOES •SCAN• 

INDICATE VA TS 

STATUS AS OK? 

DOES ENGINE ~RANK? 

1 CHECK FOR OPEN OR SHORT 

TO GROUND IN CKT 229. 

IF OK, IT IS A FAUL TV VATS 

DECODER MODULE. 

DRIVEABILITY AND EMISSIONS 5.0L (VIN E) 6E2-A-53 

CODE 53 
VEHICLE ANTI-THEFT SYSTEM (VATS) CIRCUIT 

5.0L (VIN E) "F" CARLINE (TBI) 

PROBLEM IS INTERMITTENT. IF NO 
OTHER CODE IS STORED, REFER TO 

•1NTERMITTENTS" IN SECTION•■-. 

0 VATS SYSTEM PROBLEM. 

REFER TO VATS DIAGNOSIS IN 
SECTION "SA". 

7-17-37 

*6S270CMiE 
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r- --, 
I I 
I I 
I I FUSE & 
: : HOLDER 
I I 
I I 
L.- _ _. 

RED 

Bt.TTERY JUNCTION 
BLOCK(12 VOLT) 

6-20-88 

Circuit Description: 

©OIL 
PRESSURE 
SWITCH 

FUEL PUMP 
RELAY CONN. 

CODE54 
FUEL PUMP CIRCUIT 

(LOW VOLTAGE) 

4SOBLK/WHT 

5.0L (VIN E) "F" CARLINE (TBI) 

ECM 

12VOLT 
RELAY 
DRIVE 

VOLTAGE 
MONITOR 

2-18-88 
9S5142-6E 

When the ignition switch is turned "ON", the electronic control module (ECM) will activate the fuel pump 
relay and run the in-tank fuel pump. The fuel pump will operate as long as the engine is cranking or running, 
and the ECM is receiving ignition reference pulses. 

If there are no reference pulses, the ECM will shut "OFF" the fuel pump within 2 seconds after ignition 
"ON," or engine stops. 

Should the fuel pump relay, or the 12 volt relay drive from the ECM fail, the fuel pump will be run throug~ 
an oil pressure switch back-up circuit. 

Code 54 will set if the ECM does not see the 12 volts signal at terminal "B2" during the 2 seconds that the 
ECM is energizing the fuel pump relay. 

Diagnostic Aids: 

An inoperative fuel pump relay can result in long 
cranking times, particularly if the engine is cold or 
engine oil pressure is low. The extended crank period 
is caused by the time necessary for oil pressure to 
build enough to close the oil pressure switch and turn 
"ON" the fuel pump. 
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• IGNITION •oFF• FOR 10 SECONDS. 
• IGNITION '"ON•. 
• USTENFORIN-TANKFUELPUMP. 
• PUMP SHOULD RUN FOR 2 SECONDS AFTER IGNITION '"ON'" . 

DOESITI 

• IGNITION "OFr. 
• USING A FUSED JUMPER WIRE, CONNECT FUEL PUMP 

TEST CONNECTOR TO 12 VOLTS. 
• DOES PUMP RUN? 

• IGNITION "OFF'". 
• DISCONNECT FUEL PUMP 

RELAY. 
• PROBE CKT 340 WITH A 

TEST LIGHT TO GROUND. 

CONNECT TEST 
LIGHT BETWEEN 
CKTS 340 & 450. 

REPAIR 
OPEN IN 
CKT340. 

• DISCONNECT FUEL PUMP 
RELAY. 

• USING THE FUSED JUMPER 
WIRE, CONNECT CKT 120 TO 
12VOLTS. 
DOES PUMP RUNl 

OPEN CKT 120, 
FAULTY IN-TANK 
PUMP OR FAULTY 
PUMP GROUND. 

• CONNECT TEST LIGHT BETWEEN HARNESS CICT 465 AND GROUND. 
• IGNITION •oFF'" FOR 10 SECONDS. 
• NOTE TEST LIGHT WITHIN 2 SECONDS AFTER IGNITION "ON". 

• FAULTY RELAY. 

NOTE: IF ORIGINAL COMPLAINT WAS '"CRANKS BUT WILL NOT 
RUN" MAKE'THE FOLLOWING ADDITIONAL CHECKS: 

• ENGINE IDLING AT NORMAL OPERATING TEMPERATURE. 
• OIL PRESSURE NORMAL. 
• OISCONNECTFUELPUMPRELAY. 
• ENGINE SHOULD CONTINUE TO RUN. 
• DOESITI 

• RECONNECTFUELPUMPRELAY. 
• IGNITION .OFF'". 
• PROBE FUEL PUMP TEST TERMINAL WITH A TEST 

TERMINAL WITH A TEST LIGHT TO GROUND. 

FUEL PUMP ORCUIT OK 

CODE 54 
FUEL PUMP CIRCUIT 

(LOW VOLTAGE) 
5.0L (VIN E) "F" CARLINE (TBI) 

• CLEAR CODES. 
• START AND RUN ENGINE FOR 30 SECONDS 

OR UNTIL CODE 54 SETS. 
DOES CODE SETI 

• ATTHE ECM,BACKPROBE 
OCT 120 WITH A TEST 
LIGHT TO GROUND. 

• IGNITION '"OFr FOR 10 
SECONDS. 

• NOTE LIGHT WITHIN 2 
SECONDS AFTER IGNITION 
"ON•. 

LIGHT"OFF'" 

REPAIR OPEN CKT 450. 

CKT 465 OPEN, SHORTED TO 
· GROUND, OR FAUL TY ECM. 

FAUL TY OIL PRESSURE SWITCH 

CODE 5415 INTER• 
MITTENT. REFERTO 
•INTERMITTENTS'" IN 
SECTIDN '"r. 

OPENCKT 
120TO ECM. 

2-10-88 
•7S3155-6E 
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CODE 51 
PROM ERROR 

(FAUL TY OR INCORRECT PROM) 
5.0L (VINE) UF" CARLINE (TBI) 

CHECK THAT ALL PINS ARE FULLY INSERTED IN THE SOCKET. IF OK, REPLACE 
PROM, CLEAR MEMORY ANO RECHECK. IF CODE 51 REAPPEARS, REPLACE ECM. 

0.EAR ALL CODES AND CONFIRM ·a.oSED Loop• OPERATION AND NO ·sERVICE ENGINE SOON· LIGHT 

·cooe 52 . 
CALPAK ERROR 

(FAUL TY OR INCORRECT CALPAK) 

CHECK THAT ALL PINS ARE FULLY INSERTED IN THE SOCKET. IFOK, REPLACE 
CALPAK, CLEAR MEMORY AND RECHECK. IF CODE 52 REAPPEARS, REPLACE ECM. 

CLEAR ALL CODES AND CONFIRM ·a.osED Loo,· OPERATION AND NO ·seRVICE ENGINE SOON. LIGHT 

CODE 55 
ECM ERROR 

I REPLACE ELECTRONIC CONTROL MODULE (ECM). I 

9-22-87 
a.EAR ALL CODES AND CONFIRM ·a.oSED Loo,· OPERATION AND NO ·sERVICE ENGINE SOON· LIGHT • 7S3491-6E 
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SECTION B 

SYMPTOMS 

TABLE OF CONTENTS 
Before Starting • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •.• • • • • • • • • • • • • • • • • • • .• • • • • • • • • Page 8·1 

lntermittents • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page· B-2 

Hard Start • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •. • • • • • • • • • • • • • • • • • • • • • • • • • Page B-2 

Surges and/or Chuggle: •••••••••••••••••••••••••••••••••••••••••••• ~.......... Page B-3 

Lack of Power, Sluggish, or Spongy • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page B--3 

Detonation/Spark Knock • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page B-4 

Hes;tation, Sag, Stumble •••••••••••••••••••••••••••••••••••••••• ·•• • • • • • • • • • • • • Page B-4 

Cuts Out, Misses • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page B-4 

Poor Fuel EconomY ••••••••••••••••••••••••••••••••••••••••••• ·• • • • • • • • • • • • • • • Page B-5 

Stalling, Rough, Unstable or Incorrect Idle • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page B•S 
Excessive Exhaust Emissions or Odors • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page B-6 

Dieseling, Run-On •••• -• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page B-6 

Backfire. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page B-6 

Restricted Exhaust System Check (All Engines) 

CHART B-1 •••••••••• -'• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page B-7 

BEFORE STARTING 

Before using this section you should have 
performed the "Diagnostic Circuit Check." 

Verify the customer complaint, and locate the 
correct SYMPTOM below. Check the items 
indicated under that symptom. 

If the ENGINE . CRANKS BUT WILL NOT 
RUN, see CHART A-3. . 

Several of the following symptom procedures 
call for a careful visual (physical) check. 

The importance of this step cannot be stressed 
too strongly - it can lead to correcting a problem 
without further checks and can save valuable time. 

This check should include: 
• Vacuum hoses for splits, kinks, and proper 

connections, as shown on Vehicle Emission 
Control Information Label. 

• Air leaks at throttle body mounting and intake 
manifold. 

• Ignition wires for cracking, hardness, proper 
routing, and carbon tracking. 

• Wiring for proper connections, pinches, and cuts. 
If wiring harness or connector repair is 
necessary, refer to the "Introduction" Section 
"6E" for correct procedure. 
The following symptoms cover several engines. 

To determine if a particular system or component is 
used, refer to the ECM wiring diagrams for 
application. 
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INTERMITTENTS 
Problem may or may not turn "ONn the "Service Engine Soon" light, or st.ore a code. 

DO NOT use the Trouble Code Charts in Section 
.. A" for intermittent problems. The fault must be 
present to locate the problem. If a fault is 
intermittent, use of Trouble Code Charts may result 
in replacement of good parts. 
• Most intermittent pi;oblems are caused by faulty 

electrical connections or wiring. Perfor-m 
careful check of suspect circuit.a for: · 

Poor mating of the connector halves, or 
terminals, not fully seated in the connector 
body (backed out). 
Improperly formed or damaged terminals. 
All connector terminals in problem circuit 
should be carefully reformed or replaced to 
insure proper contact tension. 
Poor terminal to wire connection. This 
requires re~oving the terminal from the 
connector body to check as outlined in 
"Wiring Harness Service" in Section "6E". 

• If a visual (physical) check does not find the 
cause of the problem, the car can be driven with 
a voltmeter connected t6 a suspected circuit or a 
.. Scan" tool may be used. An abnormal voltage 
on "Scan" reading, when the problem occurs, 
indicates the problem may be in that circuit. If 
the wiring and connectors check OK and a 
Trouble Code was stored for a circuit having a 

sensor, except for Codes 44 and 45, substitute a 
known good sensor and recheck. 

• Loss of Trouble Code Memory. To check, 
disconnect TPS and idle engine until "Service 
Engine Soon" light comes "ON." Code 22 should 
be stored, and kept in memory, when ignition is 
turned "OFF" for at least 10 seconds. If not, the 
ECM is faulty. . 

• An intermittent "Service Engine Soon" light, 
and No Trouble Codes, may be caused by: 

- Electrical system interference caused by a 
defective relay, ECM driven solenoid, or switch. 
They can cause a sharp electrical surge . 
Normally, the problem will occur when the 
faulty component is operated. 

- Improper installation of electrical options, such 
as lights, 2-way radios, et.c. 

- EST wires should be routed away from spark 
plug wires, ignition system components, and 
generator. Wire for CKT 453 from ECM to 
ignition system should be a good ground. 

- Ignition secondary shorted to ground . 
- CKT 419 ("Service Engine Soon" light) or CKT 

451 (Diagnostic "Test" Terminal) intermittently 
shorted to ground. 

- ECM power grounds. 

HARD START 
Definition: Engine cranks OK, but does not start for a long time. Does 

eventually run, or may start but immediately dies. 

• Perform careful check as described at start of 
Section "B". 

• Make sure driver is using correct starting 
procedure. 

• CHECK: 
- For water contaminated fuel. 
- Fuel system pressure CHART A-7. 
- TPS for sticking or binding should read less than 

. 7 volt on a "Scan" tool. 
- No crank signal; see CHART C-lB. 
- EGR operation; CHART C-7. 
• ·Fuel pump relay - Connect test light between 

pump test terminal and ground. Light should be 
"ON" for ·2 seconds following ignition "ON." If 
not, refer to CODE 54 CHART. 

- For a faulty in-tank fuel pump check valve, 
which would allow the fuel in the lines to drain 
back to the tank after the engine is stopped. To 
check for this condition: 
1. Ignition "OFF." 

2. Disconnect fuel line at the filter. 
3. Remove the tank filler cap . 
4. Connect a radiator test pump to the fuel line and 

apply 103 kPa (15 psi) pressure. If the pressure 
will hold for 60 seconds, the check valve is OK. 

• Check ignition system for: 
Proper output with ST-125. 
Worn distributor shaft . 

- · Bare and shorted wires. 
Pickup coil resistance and connections. 
Loose ignition coil connections. · 
Moisture in distributor cap. 
Spark plugs, wet plugs, cracks, wear, 
improper gap, burned electrodes, or heavy 
deposits. 

• If engine starts but then, immediately stalls, 
disconnect the set timing connector. If engine 
then starts,. and runs OK, replace distributor 
pickup coil. 

• Check CKT 423 (EST) for short to ground. 
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SURGES AND/OR CHUGGLE 

Definition: Engine power variation, under steady throttle or cruise. 
Feels like the car speeds up and slows down, with no 
change in the accelerat.or pedal. 

• Use a "Scan" tool to make sure reading of VSS 
matches · vehicle speedometer. See "Special 
Information", Section "6E". 

• . CHECK: 
- For intermittent EGR at idle. See appropriate 

CHART.C-7. 
- Inline fuel filter for dirt or restriction. 
- Fuel pressure. See CHART A-7. 
- Generator output voltage. Repair, if less than 9, 

or more than 16 volts. 
- TCC Operation. See CHART C-8A 

• Inspect Oxygen sensor for silicon contamination 
from fuel, or use of improper RTV sealant. The 
sensor may have a white, powdery coating and 
result in a high but false signal voltage (rich 
exhaust indication). The ECM will then reduce 
the amount of fuel delivered to the engine, 
causing a severe driveability problem. 

• Remove spark plugs. Check for cracks, wear, 
improper gap, burned electrodes, or heavy 
deposits. Also, check condition of the rest of the 
Ignition System. 

LACK OF POWER, SLUGGISH, OR SPONGY 

Definition: Engine delivers less than expected power. Little or no increase 
in speed, when accelerator pedal is pushed down part way. 

• Compare customer's car to similar unit. Make 
sure the cust.omer's car has an actual problem. 

• Remove air cleaner and check air filter for dirt, 
or for being plugged. Replace as necessary. 

• If there is spray from only one injector, then, 
there is a malfunction in the injector assembly, 
or in the signal t.o the injector assembly. The 
malfunction can be isolated, by switching the 
inject.or connectors. If the problem remains with 
the original injector, after switching . the 
connector, then, the injector is defective. 
Replace the inject.or. If the problem moves with 
the injector connector, then, the problem is an 
improper signal in the injector circuits, see 
CHARTA-3. 

• CHECK: 
- Ignition timing. See Vehicle Emission Control 

Information Label. 
- For restricted fuel filter, contaminated fuel or 
· improper fuel pressure. See CHART A-7. 

- ECM Grounds. 
- EGR operation for being open, or partly open, all 

the.time. See CHART C-7. 
Generat.or output voltage. Repair, if less than 9, 
or more than 16 volts. 

- Engine valve timing and compression. 
- Engine, for proper or worn camshaft. See Section 

"6A". 
- Transmission torque converter operation. See 

Section "7 A". 
- Secondary ignition voltage, using a scope or ST-

125. 
- Proper operation of EST. See Section "C4". 

• Check exhaust system for restriction. 
See CHART B-1: 
1. With engine at normal operating 

temperature, connect a vacuum gage to any 
· convenient vacuum port on intake manifold. 

2. Run engine at 1000 rpm and record vacuum 
'reading. 

3. Increase rpm slowly to 2500 rpm. Note 
vacuum reading at steady 2500 rpm. 

4. If vacuum at 2500 rpm decreases more than 
S", from reading at 1000 rpm, the exhaust 
system should be inspected for restrictions. 

5. Disconnect exhaust pipe from engine and 
repeat steps 3 & 4. If vacuum still·drops more 
than 3", with exhaust disconnected, check 
valve timing. 
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DETONATION/ SPARK KNOCK 
Definition: A mild t.o severe ping, usually worse under acceleration. The engine 

makes sharp metallic knocks that change with throttle opening. 

• CHECK for obvious overheating problems. 
- Low coolant. 
- Loose water pump belt. 
- Restricted air flow t.o radiator, or restricted 

water flow thru radiat.or. 
- Faulty or incorrect thermostat. 
• Coolant Temperature Sensor (CTS), which has 

shifted in value. 

- For proper transmission shift points. See Section 
"7". 

- TCC operation. See CHART C-8. 
- For incorrect basic engine parts such as cam, 

heads, pistons, etc. . : . 
- Excessive oil entering combustion chamber. 

• . Remove carbon :with t.op engine cleaner, follow 
instructions on can. . 

- Correct coolant solution - should be a 50/50 • 
mix of GM #1052753 anti-freeze coolant (or 
equivalent) and water. 

If there is spray from only one inject.or, then, there 
is a malfunction in the injector assembly, or in the 
signal to the injector assembly. The malfunction 
can be isolated, by switching the injector 
connectors. If the problem remains with the 
original injector, after switching the connector, 
then, the injector is defective. Replace the 
injector. If the problem moves with the inject.or 
connector; then, the problem is an improper signal 
in the inject.or circuits. See CHART A-3. 

• CHECK: 
- For poor fuel quality, proper octane rating. 
- For correct PROM. 
- Spark plugs for correct heat range. 
- Proper operation of Thennac. 
- ESC system operation. See CHARTC-5. 
- Fuel system for low pressure. See CHART A-7. 
- EGR system for not opening. See CHART C-7. 
- Ignition timing. See Vehicle Emission Control 

Information Label. 

HESITATION, SAG, STUMBLE 
Definition: Momentary lack of response as the accelerator is pushed down. Can occur at 

all car speeds. Usually most severe when first trying to make the car move, 
as from a stop sign. May cause the engine to stall if severe enough. 

• Perform careful visual (physical) check as or more than 16 volts. 
described at start of Section "B". - For open Ignition System ground, CKT 453. 

• CHECK: - Canister purge system for proper operation. See 
- Fuel pressure. See CHART A-7. Section "C3". 
• Water contaminated fuel. - EGR valve operation. See CHART C-7. 
- TPS for binding or sticking. - Ignition timing. See Vehicle Emission Control 
- Generator output voltage. Repair if less than 9 Information Label. 

CUTS OUT, MISSES 
Definition: Steady pulsation or jerking that follows engine speed, usually 

more pronounced as engine load increases: The exhaust has a 
steady spitting sound at idle' or low speed. 

• Perform careful · visual (physical) check as 
described at start of Section "B". 

• If Ignition System-is suspected. of causing a miss 
at idle or cutting, out under load: 

• Check for missing cylinder by: 
1. Start engine, allow engine to stabilize then 

disconnect IAC motor. Remove one spark 
plug wire at a time, using insulated pliers. 

CAUTION: Do not perform this test for more 
than 2 minutes, as this may cause 
damage to the catalytic converter. 

2. If there is an rpm drop, on all cylinders, 
(equal to within 50 rpm}, go to STALLING, 

ROUGH, UNSTABLE OR INCORRECT IDLE 
symptom. Reconnect IAC motor with engine · 
running, ignition "OFF." 

3. If there is no rpm drop on one or more cylinders, or 
excessive variation in drop, check for spark, on 
the suspected cylinder(s} with J 26792 (ST-125) 
Spark Tester or -equivalent. If no spark, see 
Section .. 6D"· for "Intermittent Operation or Miss". 
If there is spark, remove spark plug(s} in these 
cylinders and check for: 

Cracks 
Wear 
Improper Gap 
Burned Electrodes 
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Heavy Deposits 
Perform compression check on 
questionable cylinder. 

• Check wire resistance (should not· exceed 30,000 
ohms), also, check rotor and distributor cap. 

• If the previous checks did not find the problem: 
• Visually inspect ignition system for moisture, 

dust, cracks, burns, etc. Spray plug wires with 
rme water mist t.o check for shorts. · 

- Fuel System - Plugged fuel filter, water, low 
. pressure. See CHART A-7. 

- Perform compression check. See Section "6A". 
- ValveTiming. 

- Remove rocker covers. Check for bent pushrods, 
worn rocker arms, broken or weak valve springs, 
worn camshaft lobes. Repair as necessarv. See 
Section ,.6A n. 

• If there is spray from only one injector~ then, 
there is a malfunction in the injector assembly, 
or in the signal to the injector assembly. The 
malfunction can be isolated, by switching the 
inject.or connectors. If the problem remains with 
the original injector, after switching the 
connector, then, the injector is defective . 
Replace the injector. If the problem moves with 
the injector connector, then, the problem is an 
improper signal in the injector circuits, see 
CHARTA-3. 

POOR FUEL ECONOMY 
Definition: Fuel ec·onomy, as measured by an actual road test, is noticeably 

lower than expected. Also, econ.omy is noticeably lower than it was 
on this car at one time, as previously shown by an actual road test. 

• CHECK: as shown on Vehicle Emission Control Information 
- Engine thermostat for faulty part (always open) Label. 

or for wrong heat range. See Section "6B". - Ignition wires for cracking, hardness, and proper 
- Fuel Pressure. See CJ\ART A-7. connections. 

• Check owner's driving habits. • Check Ignition timing, See Vehicle Emission 
- Is A/C "ON" full time (Defroster mode "ON")? Control Information Label. 
- Are tires at correct pressure? • Remove spark plugs. Check for cracks, wear, 
- Are excessively heavy loads being carried? improper gap, burned electrodes or heavy deposits. 
- Is acceleration too much, too often? Repair or replace, as necessary. 
- Suggest driver read "Important Facts on Fuel • Check compression. See Section "6A". 

Economy" in Owner's Manual. • Check TCC for proper operation. See CHART C-8. 
• Perform "Diagnostic Circuit Check." Use ,.Scan" tool if available. 
• Check air cleaner element (filter) for dirt or • Check for dragging brakes. 

beingplugged. • Suggest owner fill fuel tank and recheck fuel 
• Check for proper calibration of speedometer. economy. 
• Visually (physically) Check: • Check for exhaust system restriction. 

- Vacuum hoses for splits, kinks, and proper See CHART B-1. 
connections, 

STALLING, ROUGH, UNSTABLE OR INCORRECT IDLE 
Definition: The engine runs unevenly at idle. If bad enough, the car may shake. 

Also, the idle may vary in rpm (called '"hunting"). Either condition may 
be severe enough to cause stalling. Engine idles at incorrect speed. 

• CHECK: 
- PIN swit:ch circuit. See CHART C-lA. 
- For injector(s) leaking. Check fuel pressure, see 

CHARTA-7. 
- IAC - See CHART C-2C. 
- If a sticking throttle shaft or binding linkage 

causes a high TPS voltage (open throttle 
indication), the ECM will not control idle. 
Monitor TPS voltage. "Scan" and/or Voltmeter 
should read less than 1.2 volts with throttle 
closed. 

- Vacuum leaks can cause higher than normal 
idle. 

- EGR "ON," while idling, will cause roughness, 
stalling, and hard starting. See CHART C-7. 

- Battery cables and ground straps should be clean 
and secure. Erratic voltage will cause . IAC to 
change its position, resulting in poor idle quality. 

- IAC valve will not move, if system voltage is 
below 9, or greater than 16 volts. 

- Use "Scan" tool t.o det.ennine if ECM is receiving 
A/C request signal. 
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- Ignition timing. See Vehicle Emission Control 
InCormation Label. 

- MAP Sensor - Ignition "ON," engine stopped. 
Compare MAP voltage with known good vehicle. 
Voltage should be the same ± 400 m V (.4 volts). 

or 
Start and idle engine. Disconnect MAP sensor 
electrical connector. Ir idle improves, substitute 
a known good MAP sensor and recheck. 

- AJC refrigerant pressure too high. Check for 
overcharge or faulty pressure swit.ch. 

- PCV valve for proper operation by placing imger 
over inlet hole in valve end several times. Valve 
should snap back. If not, replace valve. 

- Run a cylinder compression check. See Section 
"6". 

- Inspect Oxygen sensor for silicon contam
ination from fuel, or use of improper' RTV 
sealant. The sensor will have a white, powdery 
coating, and will result in a high but false signal 
voltage (rich exhaust indication). The ECM will 
then reduce the amount of fuel delivered to the 
engine, causing a severe driveability problem. 

EXCESSIVE EXHAUST EMISSIONS OR ODORS 
Definition: Vehicle fails an emission test. Vehicle has excessive "rotten egg" smell. 

Excessive odors do not necessarily indicate excessive emissions. 

• Perform "Diagnostic Circuit Check.." • Ir the system is running rich, (block learn 
• IF TEST SHOWS EXCESSIVE CO AND HC, less than 118), refer to "Diagnostic Aids" on 

(or also has excessive odors): facing page of Code 45. 
• Check items which cause car to run RICH. • IF TEST SHOWS EXCESSIVE NOx: 
• Make sure engine is at normal operating • Check items which cause car to run LEAN, 

temperature. or too HOT. 
• CHECK: • CHECK: 

Fuel pressure. See CHART A-7. - EGR valve for not opening. See CHART C-7. 
- Incorrect timing. ~ Vehicle Emission Vacuum leaks. 

Control Information Label. Coolant system and coolant fan for proper 
Fuel Vapor Canister for fuel loading. See operation. See CHART C-12. 
CHART C-3. Remove carbon with top engine cleaner, 
PCV valve for being plugged, stuck, or follow instructions on can. 
blocked PCV hose, or fuel in the crankcase. Check Ignition timing for excessive base 
Spark plugs, plug wires, and ignition advance. See Vehicle Emission Control 
components. See Section "6D". InCormation Label. 
Check for lead contamination of catalytic • Ir the system is running lean, (block learn 
converter (look for removal of fuel filler greater than 138), refer to "Diagnostic Aids" on 
neck restrictor). facing page of Code 44. 
Check for properly installed fuel cap. 

DIESELING, RUN-ON 
Definition: Engine continues to ·run after key is turned 

"OFF," but runs very roughly. If engine runs 
smoothly, check ignition switch and ac:ijustment. 

• Check injector(s) tor leaking. Apply 12 volts to Visually check injector(s) and TBI assembly for fuel 
fuel pump test terminal (ALDL Terminal "G") to leakage. 
turn "ON" fuel pump and pressurize fuel system. 

BACKFIRE 
Definition: Fuel ignites in intake manifold, or in exhaust 

system, making a loud popping noise. 

• CHECK: 
- EGR operation for being open all the time. See 

CHARTC-7. 
- Output voltage of ignition coil(s). 
- For crossfire between spark plugs (distributor 

cap, spark plug wires, and proper routing of plug 
wires). 
Ignition timing - See Vehicle Emission Control 
Information Label. 

For faulty spark plugs and/or plug wires or 
boots. 
Faulty A.LR. check valve. 

• Perform a compression check - look for sticking or 
leaking valves. 

For proper valve timing. 
- Broken or worn valve train parts. 
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CHARTB-1 
RESTRICTED EXHAUST SYSTEM.CHECK 

ALL ENGINES 

Proper diagnosis for a restricted exhaust system is essential before any components are replaced. Either of 
the following procedures may be used for diagnosis, depending upon engine or t.ool used: 

CHECK AT A. I. R. PIPE: . OR CHECK AT 02 SENSOR: 
1. Remove the rubber hose at the exhaust 

manifold A.I.R. pipe check valve. Remove 
check valve. 

2. Connect a fuel pump pressure gauge to a hose 
and nipple from a Propane Enrichment 
Device {J 26911) (see illustration). 

3. Insert the nipple into the exhaust manifold 
A.I.R. pipe. 

OJ GAGE 
W HOSE AND NIPPLE ADAPTER 
[TI A.I.A. PIPE (EXHAUST PORTI 
W CHECK VALVE 

DIAGNOSIS: 

7S 3363 6E 

1. Carefully remove 02 sensor. 
2. Install Borroughs exhaust backpressure 

tester (BT 8515 or BT 8603) or equivalent in 
place of02 sensor (see illustration). 

3. After completing test described below, be 
sure to coat threads of 02 sensor with anti
seize compound PIN 5613695 or equivalent 
prior to re-installation. · 

W EXHAUST MANIFOLD 
IT] OXYGEN 10:1 SENSOR 
W BACK PRESSURE GAGE 7S 33386E 

1. With the engine idling at normal operating temperature, observe the exhaust system backpressure 
reading on the gage. Reading should not exceed 8.6 kPa (1.25 psi). 

2. 
3. 
4. 
5. 

Increase engine speed to 2000 rpm and observe gage. Reading should not exceed 20. 7 kPa (3 psi). 
IC the backpressure at either speed exceeds specification, a restricted exhaust system is indicated. 
Inspect the entire exhaust system for a collapsed pipe, heat distress, or possible internal muffler failure. 
ff there are no obvious reasons for the excessive backpressure, the catalytic converter is suspected to be 
restricted and should be replaced using current recommended procedures. 

.Figure 13- Exhaust System Check 

~26-88 
7S3340-6E 
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SECTION C 
COMPONENT SYSTEMS 

Section C provides information on the following: 
• General description of components and systems. 

• On-vehicle service. 

• Part names and group numbers. 

• Diagnostic charts. These include a functionai check of the system as well as diagnosis of any problem 
found in the functional check. 

For locations of components, wiring diagrams, and ECM Terminal End View, refer to the front on the ,. A• 
Section of the engine being diagnosed. 

Following are the sub-section identification and the system covered: 

• Cl Electronic Control Module (ECM) and Sensors ••••••••••••••••••••••••••••• Page C1·1 

• C2 Fuel Control System - TBI 220 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C2-1 

• C3 Evaporative Emission Control System (EECS) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C3-1 

• C4 Ignition System/ EST • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C4-1 

• CS Electronic Spark Control (ESC) System • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page CS-1 

• .C6 

• C7 

• C8 

Air Injection Reaction (A.LR.) System •••••••••••••••••••••••••••••••••••• 

Exhaust Gas Recirculation (EGR) System •••••••••••••••••••••••••••••••••• 

Torque Converter Clu'tch (TCC) System ••••••••••••••••••••••••••••••••••• 

PageC6-1 

PageC7-1 

PageCB-1 

Page C13-1 

PageC14-1 
• C13 Positive Crankcase Ventilation (PCV) ................................... 
• C14 Thermostatic Air Cleaner (THERMAC) •••••••••••••••••••••••••••••••••• .• 

DIAGNOSTIC CHARTS 

The Diagnostic Charts for each system are found after the on-car service and parts information at the back of 
each section. Following are the charts found in this section. 

• Chart C-1A Park/Neutral Switch Diagnosis (Auto Transmission Only) ••••••••••••••• Page C1-12 

• Chart C-1 B Crank Signal • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C1•14 

• Chart C-1 D 

• ChartC-1E 

• ChartC-2C 

• ChartC-3 

• Chart C-4 

• ChartC-5 

• ChartC-6 

• Chart C-7 

• ChartC-8A 

• ChartC-8A 

• ChartC-88 

MAP Output Check • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C1-16 

Power Steering Pressure Switch (PSPS) Diagnosis ••••••••••••••••••••• Page C1-18 

Idle Air Control (IAC) Valve Check • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C2-16 

Canister Purge Valve Check • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C3-4 

Ignition System Check • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C4-4 

Electronic Spark Control (ESC) System Check •••••••••••••••••••••••• Page CS-4 

AIR Management Check - Control (Pedes) Valve • • • • • • • • • • • • • • • • • • • • • • Page C&-6 

Exhaust Gas Recirculation (EGR) Check • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C7-4 

Torque_Converter Clutch (TCC) (Electrical Diagnosis) (1 of 2) • • • • • • • • • • • • • Page C8-4 

700-4R Transmission (Electrical Diagnosis) (2 of 2) • • • • • • • • • • • • • • • • • • • • Page CB-6 

Manual Transmission Shift Light Check • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C8-8 
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· SECTION C1 
ELECTRONIC CONTROL MODULE (ECM) AND SENSORS 

CONTENTS 

GENERAL DESCRIPTION ••••••••••••••• C1-1 
ELECTRONIC CONTROL MODULE (ECM) •• C1-1 
PROM • • • • • • • • • • • • • • • • • • • • • • • • • • • C1-1 
CA.LPAK • • • • • • • • • • • • • • • • • • • • • • • • • • C1-2 
ECM FUNCTION ••••••••••••••• ~.... C1-2 
INFORMATION SENSORS ••••••••••••• C1-2 

Coolant Temperature Sensor • • • • • • • • C1-2 
MAP Sensor. • • • • • • • • • • • • • • • • • • • • • C1-2 
MAT Sensor. • • • • • • • • • • • • • • • • • • • • • C1-3 
Oxygen (02) Sensor. • • • • • • • • • • • • • • • C1-3 
Throttle Position Sensor (TPS) • • • • • • • • C1 -3 
Knock Sensor • • • • • • • • • • • • • • • • • • • • C1-4 
Park/Neutral Switch (Auto Only) •••••• C1-4 
Crank Signal..................... C1-4 
A/C Request Signal • • • • • • • • • • • • • • • • C1 -4 
Vehicle Speed Sensor (VSS) • • • • • • • • • C1-4 
Distributor Reference Signal ••••••••• C1-4 
(PSPS) • • • • • • • • • • • • • • • • • • • • • • • • • C1-4 

DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • • C1-S 
ECM ••••••••••••••••••••••••••••• C1-5 
PROM • • • • • • • • • • • • • • • • • • • • • • • • • • • C1-5 
ECM INPUTS • • • • • • • • • • • • • • • • • • • • • • • C1-5 

GENERAL DESCRIPTION 

ELECTRONIC CONTROL MODULE {ECM) 

The Electronic Control Module (ECM) (Figure Cl-
1) is the control cente; of the fuel injection system. It 
constantly looks at the information from various 
sensors, and controls the systems that affect vehicle 
performance. The ECM performs a diagnostic 
function check of the system. It can recognize 
operational problems, alert the driver through the 
"Service Engine Soonn light, and store a code or codes 
which identify the problem areas to aid the technician 
in making repairs. Refer to the "Introduction" for 
more information on using the diagnostic function of 
the ECM. For service, the ECM has three parts: a 
Controller (the ECM without the PROM), a separate 
calibrator (PROM), and a Cal-Pak. 

PROM 

To allow .one model of ECM to be used for many 
different cars, a device called a calibrator (or PROM) 
(Programmable Read Only Memory) is used (see 
Figure Cl-2). The PROM is located inside the ECM 
and has information on the vehicle's weight, engine~ 
transmission, axle ratio, and other items specific to 
each vehicle. While one ECM part number can be 
used by many car lines, a 

Coolant Temperature Sensor •••••••• C1-5 
MAP Sensor •••••••••••••••••••••• C1-6. 
MAT Sensor. • • • • • • • • • • • • • • • • • • • • • C1-6 
Oxygen (02) Sensor •••••••••••••••• C1-6 
Throttle Position Sensor (TPS) • • • • • • • • C1-6 
Vehicle Speed Sensor (VSS) ••••••••• C1-6 
P/N Switch (Auto Only) • • • • • • • • • • • • • C1-6 
(PSP'S) • • • • • • • • • • • • • • • • • • • • • • • • • C1-6 
A/C Request Signal • • • • • • • • • • • • • • • • C1-6 
Distributor Reference Signal ••••••••• C1-6 
Knock Signal ••••••••••••••••••• C1-6 

ON-CAR SERVICE • • • • • • • • • • • • • • • • • • • • • C1-6 
ELECTRONIC CONTROL MODULE ••••••• C1-6 
PROM ••••••••••••••••••••••••••• C::1-1 · 

Functional Check • • • • • • • • • • • • • • • • • C1-8 
CA.LPAK • • • • • • • • • • • • • • • • • • • • • • • • • • C1-8 
COOLANT TEMPERATURE SENSOR ••••• C1-9 
MAP SENSOR • • • • • • • • • • • • • • • • • • • • • • C1-9 
MAT SENSOR ••••••••••••••••••••••• C1-9 
OXYGEN (02) SENSOR ••••••••••••••• C1-9 
THROTTLE POSITION SENSOR (TPS) ••••• C1-10 
PARK/NEUTRAL SWITCH •••••••••••••• C1-10 

PARTS INFORMATION ••••••••••••••••• C1-10 

[I) ECM . 

m ECM HARNESS 
CONNECTORS TO ECM 

I]] PROM ACCESS COVER 

4S 1196-6E 

Figure C1-1 • Electronic Control Module (ECM) 5.0L 

PROM is very specific and must be used for the right 
car. For this reason, it is very important to check ~e 
latest parts book and service bulletin information for 
the correct part number when replacing a PROM. 

An ECM used for service (called a controller) 
comes without a PROM. The PROM from the old ECM 
must be carefully removed and installed in the new 
ECM (see On-Car Service). 
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OJ ECM [I] PROM CARRIER m PROM !ENGINE CALIBRATOR) m CALPAK 
451217-&E 

Figure C1-2 - PROM (calibrator) and Cal-Pak 5.0L 

CAL-PAK 

A device called a Cal-Pak is used to allow fuel 
delivery if other parts of the ECM are damaged. An 
access door in the ECM allows removal and 
replacement of the Cal-Pak similar to a PROM. 

If the Cal-Pak is missing, it will result in a no 
start condition. The Cal-Pak must be transferred to a 
replacement ECM. 

ECM FUNCTION 

The ECM supplies a buffered 5 or 12 volts to power 
various sensors or switches. This is done through 
resistances in the ECM which are so high in value 
that a test light will not light when connected to the 
circuit. In some cases, even an ordinary shop 
voltmeter will not give an accurate reading because 
its resistance is too low. Therefore, the use of a 10 
megohm input impedance digital voltmeter is 
necessary to assure accurate voltage measurements. 

The ECM controls output circuits such as the 
Injector, £AC, cooling fan relay, etc. by controlling the 
ground circuit through transistors in the ECM. 

INFORMATION SENSORS 

Coolant Temperature Sensor 

The Coolant Temperature Sensor (CTS) (Figure 
Cl-3) is a thermistor (a resistor which changes value 
based on temperature) mounted in the engine coolant 
stream. Low coolant temperature produces a high 
resistance (100,000 ohms at -4D°C/-40"F) while high 
temperature causes low resistance (70 ohms at 
130°C/266°F) 

The ECM supplies a 5 volt signal to the CTS thru a 
resistor in the ECM and measures the voltage. The 
voltage will be high when the engine is cold, and low 
when the engine is hot. By measuring the voltage, the 
ECM can determine engine coolant temperature. 
Engine coolant temperature affects most systems the 
ECM controls. 

1 ENGINE COOlANTTEMPERATURE SENSOR 

2 HARNESS CONNECTOR TO ECM 

4-Z-SS 3 LOCKING TAB *SS 1640-&E 

Figure .C1-3 7 Coolant Temperature Sensor 

A failure in the CTS circuit should set either a 
Code 14 or Code 15. Remember, these codes indicate a 
failure in the coolant temperature sensor circuit, so 
proper use of the chart will lead to either repairing a 
wiring problem or replacing the sensor, to properly 
repair a problem. 

[!] SENSOR 

0 MANIFOLD VACUUM TUBE 

0 ELECTRICAL CONNECTOR 

4•23-87 

Figure C1•4• MAP Sensor 

MAP Sensor 

*652648-&E 

The Manifold Absolute Pressure {MAP) sensor 
(Figure Cl-4) measures the changes in the intake 
manifold pressure which result from engine load and 
speed changes, and converts this to a voltage output. 

A closed throttle on engine coastdown would 
produce a relatively low MAP output voltage, while a 
wide-open throttle would produce a high MAP output 
voltage. This high output voltage is produced because 
the pressure inside the manifold is the same as outside 
the manifold, so you measure 100% of outside air. 
pressure. Manifold Absolute Pressure (MAP) is the 
OPPOSITE of what you would measure on a vacuum 
gage. 
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When manifold pressure is high, vacuum is low. The 
MAP sensor is also used to measure barometric 
pressure under certain conditions, which allows the 
ECM to automatically adjust for different altitudes. 

The ECM sends a 5 volt reference signal to the 
MAP sensor. As the manifold pressure changes, the 
electrical resistance of the MAP sensor also changes. 
By monitoring the sensor output voltage, the ECM 
knows the manifold pressure. A higher pressure, low 
vacuum (high voltage) requires more fuel, while a 
lower.pressure, higher vacuum (low voltage) requires 
less fuel. The ECM uses the MAP sensor to control 
fuel delivery and ignition timing. 

A failure in the MAP sensor circuit should set a 
Code 33 or Code 34. 

Manifold Air Temperature (MAT) Sensor 

The Manifold Air Temperature (MAT) sensor is a 
thermistor (a resistor which changes value based on 
temperature) mounted in the air cleaner. Low 
temperature produces a high resistance (100,000 ohms 
at -40°C/-40°F), while high temperature causes low 
resistance (70 ohms at 130°C/226°F). The ECM 
supplies a 5 volt signal to bhe MAT sensor through a 
resistor in the ECM and measures the voltage. The 
voltage will be high when the intake air is cold and 
low when the intake air is hot. By measuring the 
voltage, the ECM knows the intake air temperature. 

The MAT sensor signal is also used by the ECM to 
control spark tiniing and to delay EGR when intake 
air is cold. 

A failure in the MAT sensor circuit should set 
either a Code 23 or Code 25. 

(I] MAT SENSOR (TYPICAL) 

75 3263-6E 

Figure C1-5 - MAT Sensor - Typical 

Oxygen (02) Sensor 

The oxygen (02) sensor is mounted in the exhaust 
system, where it can monitor the oxygen content of the 
exhaust gas stream. 

The oxygen content in the exhaust reacts. with the 
oxygen (02) sensor to produce a voltage output. This 
voltage ranges from approximately . l volt (high 0 2 -

lean mixture) to .9 volt (low 02 - rich mixture): 
By monitoring the voltage output of . the oxygen 

(02) sensor, the ECM will know what fuel mixture 
command to give to the injector (lean mixture - low 02 
voltage - rich command, rich mixture • high 02 voltage 
- lean command). This voltage can be measured with a 
digital voltmeter having at least 10 megohms input 
impedaq.ce. Use of standard shop type voltmeters will 
result in very inaccurate readings. 

The oxygen (02) sensor, if open, should set a Code 
13. A shorted sensor circuit should set a Code 44. A 
high voltage in the oxygen sensor circuit should set a 
Code 45. When any of these codes are set, the car 
should run in the "Open Loop" mode. 

[!!] EXHAUST OXYGEN (02) 
SENSOR 

10-2-86 
"450078-&E 

Figure C1-6 - Oxygen (02) Sensor 

Throttle Position Sensor {TPS) 

The Throttle Position Sensor (TPS) is connected to 
the throttle shaft on the TBI unit (see Figure Cl-7). It 
is a potentiometer with one end connected to 5 volts 
from the ECM and the other to ECM ground. · A third 
wire is connected to the ECM to measure the voltage 
from the TPS. As the throttle vaive angle is changed 
(accelerator pedal moved), the output of the TPS also 
changes. At a closed throttle position, the· output of 
the TPS is low (approximately .5 volt). As the throttle 
valve opens, the output increases so that, at wide-open 
throttle, the output voltage should be approximately 5 
volts. 

By monitoring the output voltage from the TPS, 
the ECM can determine fuel delivery based on throttle 
valve angle (driver demand). If the TPS. circuit is 
open, the ECM will set a Trouble Code 22. If the TPS 
circuit is shorted, the ECM will think the vehicle is at 
WOT, and a Trouble Code 21 will be set. 
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A b_roken or loose TPS can cause intermittent bursts of 
fuel from the injector, and an -unstable idle, because 
the ECM thinks the throttle is moving. Once a trouble 
code is set, the ECM will use an artificial value for 
TPS, and some vehicle performance will return. 

On all engines, the TPS is not adjustable. The 
ECM uses the reading at idle for the zero reading, so 
no adjustment is necessary. 

See '"On-car service" for replacement of TPS. 

(I]THROTTLE VALVE 

m ENGINE CONTROL MODULE (ECM) 

m THROTTLE POSITION 
SENSOR (TPS) 

8P0321-SY 

Figure C1-7 - Throttle Position Sensor (Typical) 

Knock Sensor 

The knock sensor is mounted in the engine block. 
When abnormal engine vibrations (spark knock) are 
present, the sensor produces a voltage signal, which is 
sent to the ESC module. 

See Section .. CS" for further information on the 
Electornic Spark Control (ESC) system. 

Park/Neutral Switch {Auto Only) 

The Park/Neutral (PIN) switch indicates to the 
ECM when the transmission is in park or neutral. 
This information is used for the TCC, and the IAC 
valve operation. 

[I] Important 
Vehicle should not be driven with park/neutral 
switch disconnected as idle quality will be affected 
·and a possible false Code 24 (VSS) may be set. 

See Section "SA" for more information on the 
PIN switch, which is part of the neutral/start and 
backup light switch assembly. 

Crank Signal 

The ECM looks at the starter solenoid to tell when 
the engine is cranking. It uses this to tell when the 
car is in the Starting Mode. 

If this signal is not available, car may be hard to 
start in extremely cold weather. 

A/C Request Signal 

This signal tells the ECM that · the A/C selector 
switch is turned "ON", and that the pressure cycling 
switch is closed. The ECM uses this to adjust the idle 
speed when the air conditioning is working. 

If this signal is not available to the ECM, idle may 
be rough, especially when the A/C compressor cycles. 
The voltage at ECM terminal "BS" should equal 
battery voltage on a C60 system and about 5 volts on a 
C68 option, when A/C is requested and the pressure 
cycling switch is closed. 

Vehicle Speed Sensor {VSS) 

The Vehicle Speed Sensor (VSS) sends a pulsing 
voltage signal to the ECM, which the ECM converts to 
miles per ·hour. This sensor mainly. controls the 
operation of the TCC system. See Code 24 or Section 
"CS" for more information. 

Distributor Reference Signal 

The distributor sends a signal to the ECM to tell it 
both engine rpm and crankshaft position. See 
Ignition/EST Section "C4" for further information. 

Power Steering Pressure Switch (PSPS) 

This switch tells the ECM that the vehicle is in a 
parking maneuver. The ECM uses this information to 
compensate for the additional engine load by moving 
the IAC valve. The ECM will, also, turn '"OFF" the 
A/C clutch when high pressure is detected. 

IT] POWER STEERING PRESSURE SWITCH 
8S4429:6E 

Figure C1-8 - Power Steering Pressure Switch (PSPS) 
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DIAGNOSIS 
ECM 

Since th~ ECM can have a failure which may 
effect only one' circuit, following the diagnostic 
procedures in this section can reliably tell when a 
failure has occurred in the ECM. Also, a Code 55 
indicates a failure of the EC.M. · ' 

If a diagnostic chart indicates that the ECM 
COMections or ECM is the cause of a problem and the 
ECM is replaced, but does not correct the problem, one 
of the following may be the reason: 

• There is a problem with the ECM terminal 
coMections. • The diagnostic chart will say "ECM 
connections or ECM". The terminals may have to be 
removed from the connector in order to check them 
properly. 

• The ECM or PRO.M is not correct for the 
application. -The incorrect EC.M or PROM may cause · 
a malfunction and may or may not set a code. 

• The problem is intermittent. - This means that 
the problem is not present at the time the system is 
being checked. In this case, refer to the "Symptoms" 
portion of the manual and make a careful physical 
inspection of all portions of the system involved. 

• Shorted solenoid, relay coil, or harness. -
Solenoids and relays are turned "ON" and "OFF" by 
the ECM, using internal electronic switches called 
"Drivers". Each driver is part oI a group of four called 
"Quad-Drivers". 

A shorted solenoid, relay coil, or harness will 
not damage the ECM, but will cause the 
circuit and controlled component to be 
inoperative. When the circuit fault is not 
present or_ has been repaired, the "Quad
Driver" will again operate in a normal 
manner due to it's fault protected design. If a 
fault has been repaired in a circuit controlled 
by a "Quad-Driver", the original ECM should 
be reinstalled and the circuit checked for 
proper operation. ECM replacement will not 
be necessary if the repaired circuit or 
component now operates correctly. 
J34636 or BT8405 testers or equivalent provide a 

fast, accurate means of checking for a shorted coil or a 
short l9 battery voltage. 

• The PROM may be faulty. - Although the PROM 
rarely fails.it operates as part of the ECM. Therefore, 
it could be the cause of the problem. Substitute a 
known good PROM. 

• The replacement ECM may be faulty. - After the 
ECM is replaced, the system should be rechecked for 
~ro~r operation. If the diagnostic chart again 
indicates the ECM is the problem, substitute a known 
good ECM. Although this is a rare condition, it could 
happen. 

The components or circuits and the .codes or 
charts, related to them are: 

• · Code 55 indicates a failure of the ECM. · 
• PROM - Code 51. 
• Coolant Temperature Sensor - Codes 14 - 15. 
• MAP sensor - Code 33 or 34.. To-check the 

MAP sensor with no code set, use CHART 
C-1D. 

• TPS - Code 21 or 22. 
• PIN switch- CHART C-lA. 
• Crank Signal - CHART C-1B. 
• (½ Sensor - Codes 13, 44, 45. 
• AJC Request Signal - If the A/C request signal 

is not reaching the ECM, it can cause rough 
idle, with A/C "ON". See "Rough Idle" in 
Section "B", "Symptoms". 

• VSS - Code 24 and in TCC system-, Section 
"CS". 

• Distributor - CHART C-4B or Code 42. 

ECM 

A faulty ECM will be determined in the diagnostic 
charts, or by a Code 55. 

PROM 

An incorrect or faulty PROM, which is part of the 
ECM, may set a Code 51. 

ECM INPUTS 

All of the sensors and input switches can be 
diagnosed by the use of a "Scan" tool. Following is a 
short description of how the sensors and switches can 
be diagnosed by the use of a "Scan• tool. The "Scan" 
tool can also be used to compare the values for a 
normal running engine with the engine you're 
diagnosing. 

Coolant Temperature Sensor 

A "Scan" tool displays engine temperature in 
degrees centigrade. After the engine is started, the 
temperature should rise steadily to about 90°C 
(194°F), then stabilize when thermostat opens. If the 
engine has not been run for several hours (overnight), 
the CTS and .MAT temperature readings should be 
close to each other. A fault in the coolant sensor 
circuit should set a Code 14 or 15. The code charts also 
contain a chart to check for coolant temperature 
sensor resistance values relative to temperature. 
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MAP Sensor 

A "Scan" tool reads manifold pressure and will 
display either volts or k.Pa of pressure. 

Key ''ON", engine stopped, (no vacuum), MAP will 
read high voltage or pressure, while at idle 
(highvacuu_rn), MAP will read low voltage or pressure. 
Likewise, on accel., MAP will read high and on decel., 
will read low voltage. 

A failure in the MAP sensor, or circuit, should 
result in a Code 33 or 34. 

MAT Sensor 

A "Scan" tool displays temperature of the air 
entering the engine and should read close ambient air 
temperature, when engine is cold, and rise as 
underhood temperature increases. If the engine has 
not been' run for several hours (overnight), the CTS 
and MAT temperature readings should be close to 
each other. A failure in the MAT sensor circuit should 
set a Code 23 or 25. The code charts also contain a 
chart to check for sensor resistance values relative to 
temperature. 

Oxygen (02) Sensor 

The "Scan" tool has several positions that will 
indicate the state of the exhaust gases, oxygen (02) 
sensor voltage, integrator, and block learn. See 
"Scan" tool position information in the "Introduction" 
of Section "6E". 

A problem in the oxygen (02) sensor circuit should 
set a Code 13 (open circuit), Code 44 (lean 02 
indication), Code 45 (rich ~ indication). Refer to the 
applicable chart, if any of these codes were stored in 
memory. 

Throttle Position Sensor (TPS) 

A "Scan" tool displays throttle position in volts 
and should read under 1.25 volts with throttle closed 
and ignition "ON", or at idle. Voltage should increase 
at a steady rate as throttle is moved toward WOT. 

The ECM. has the ability to Auto-Zero the TPS 
voltage, ·if it is below about 1.25 volts. This means 
that any voltage less than 1.25 volts volts will be 
determined by the ECM to be 0% throttle. Some 
.. Scan" tools have the ability to read the percentage of 
throttle· angle and should read 0%, when the throttle 
is closed. A failure in the TPS circuit or TPS, should 
set a Code 21 or 22. 

Vehicle Speed Sensor (VSS) 

A "Scari'' tool reading should closely match with 
speedometer reading, with drive wheels turning. A 
failure in the VSS circuit should set a Code 24. 

Park/Neutral (PIN) Switch 

A "Scan" tool should read "ON", when in park or 
neutral and "OFF", when in drive. This reading may 
vary with different makes of tools. Refer to CHART 
C-lA for PIN switch diagnosis. 

Power Steering Pressure Switch (PSPS) 

A "Scan" tool should read "OFF" normally, and 
"ON" with high pressure. This reading may vary with 
different makes of tools. Refer to CHART C.-lE for 
PSPS diagnosis. 

A/C Request Signal 

If the low pressure switch is closed and NC is 
"ON", the "Scan" tool should indicate A/C "ON''. · 

Distributor Reference Signal 

A "Scan" tool will read this signal and is displayed 
in rpm. See Section "C4", for more information on the 
Ignition System . 

Knock Signal 

A "Scan" tool will indicate when the ESC module 
signals the ECM that knock is present. See Section 
"C5" for further information on the ESC System. 

ON-CAR SERVICE 
ELECTRONIC CONTROL MODULE (ECM) 

Service of the ECM should normally consist of 
either replacement of the ECM or a PROM change. 

If the diagnostic procedures call for the ECM to~ 
replaced, the engine calibrator (PROM) and ECM 
should be checked first to see if they are the correct 
parts. If they are, remove the PROM from the faulty 
ECM and install it in the new service ECM. THE 
SERVICE ECM WILL NOT CONTAIN A PROM. 
Trouble·· Code 51 indicates the PROM is installed 
improperly or has malfunctioned. When Code 51 is 
obtained, check the PROM installation for bent pins or 
pins not fully seated in the socket. If the PROM is 
installed correctly and Code 51 still shows, replace the 
PROM . 

rn Important _ _ 
When replacing the production ECM with a service 
ECM (controller), it is important to transfer the 
Broadcast Code and production ECM number to the 
service ECM label. Please do not record on E_CM 
cover. This will allow positive identification of ECM 
parts throughout the service life of the vehicle. 
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BRACKET 
(INSTRUMENT PANEU 

[I] MODULE ASM ECM (TBI) 

IT] BRACKET 
IT] BOLT/SCREW (51 

INSTRUMENT PANEL 

INSULATOR ASM RH 

W NUT (4) 4.7•7.0 N·m (3.3-5. 1 LBS. FT.I 
IT] NUT 
[iJ BOLT/SCREW (2) 2.2-3.4 tum (1.6-2.5 LBS. FT.) 

854427-6E 

Figure C1-9- ECM Mounting 

NOTICE: To prevent internal ECM damage, the 
ignition must be "OFF" when 
disconnecting or reconnecting power to 
ECM (for example, battery cable, ECM 
pigt.ail, ECM fuse,jumper cables, etc.). 

NOTICE: To prevent possible Electrostatic 
Discharge damage to the ECM, Do Not 
touch the connector pins or soldered 
components on the circuit board. 

l++I Remove or Disconnect 
1. Negative battery cable. 
2. Right hand hush panel. 
3. Connectors to ECM. 
4. ECM. 
5. PROM from ECM. 

E3 Install or Connect 
1. Old PROM in new ECM. 
2. ECM into car. 
3. Connectors. · 
4. Hush panel. 
5. Negative battery cable. 

OJ ECM (i] ECM HARNESS 
[[) PROM CARRIER CONNECTORS TO ECM 

PROM 

W PROM ACCESS COVER 
450463-6E 

Figure C1-10- PROM Access Cover 

(I] PROM CARRIER 

[!) PROM REMOVAL TOOL 
450464-6E 

Figure C1-11 • PROM Removal Tool 

Code 51 indicates a faulty PROM, bent pins, or 
incorrect installation. 

rn Important 
It is possible to install a PROM backward. If the 
PROM is installed backward and the ignition key 
turned to "ON", the PROM circuitry will be 
destroyed, requiring PROM replacement. 

[I] Important 
The ignition should always be "OFF" when 
installing or removing the ECM connectors. 
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NOTICE: To prevent possible Electrostatic 
Discharge damage to the PROM, CAL
PAK, Do Not touch the component leads, 
and Do Not remove integrated circuit from 
carrier. 

l+--+I Remove or Disconnect 
1. Connectors from ECM. 
2. ECM mounting hardware. 
3. ECM from passenger compartment. 
4. Prom access cover (see Figure Cl-10). 
5. Remove PROM assembly. 

r., REFERENCE END NOTCH IN PROM REFERENCED 
L..!..J TO SMALLER NOTCH IN 0 PROM CARRIER AND THE PIN #1 END 

r::7 6-3-88 
~ PROM CARRIER 4S 0465·6E 

Figure C1-12 • PROM in PROM Carrier 

rn Important 
Using the rocker-type PROM removal tool, engage 
one end of the PROM carrier with the hook end of 
the tool (see Figure Cl-11). Press on the vertical 
bar end of the tool and rock the engaged end of the 
PROM carrier up as far as possible. Engage the 
opposite .end of the PROM carrier in the same 
manner and rock this end up as far as possible. 
Repeat this process until the PROM carrier and 
PROM are free of the PROM socket. The PROM 
carrier with PROM irt it should lift off of the 
PROM socket easily; PROM carrier should only 
be removed by using_' the pictured PROM removal 
tool. Other methods could cause damage to the 
PROM or PROM soc~et. 

l+--+I Remove or Disconnect 
1. New PROM carrier in PROM socket. 

IL'W'I Inspect 
1. New PROM for same part number as old or 

updated number per service bulletin. 

[I] Important 
Do not remove PROM from carrier to check PROM 
number. 

2. For correct reference of PROM in carrier, see 
Figure Cl-12 

rn Important 
Small notch of carrier should be aligned with 
small notch in socket. Press on PROM carrier 
until it is firmly seated in the socket. Do not press 
on PROM; only the carrier. 

2. Access cover on ECM. 
3. ECM in passenger compartment. 
4. Connectors to ECM. 

Functional Check 

1. Turn ignition "ON". 
2. Enter diagnostics (see Diagnostic Circuit Check 

for procedure). 
A. Allow Code 12 to flash four times to verify that 

no other codes are present. This indicates the 
PROM is installed properly. 

B. If trouble Code 51 occurs or if the "Service 
Engine Soon" light is "ON" constantly with no 
codes, the PROM is not fully seated, installed 
backwards, has bent pins, or is defective. 
• If not fully seated, press firmly on PROM 

carrier. 
• If it is necessary to remove the PROM, 

follow instructions in steps "A" and "B". 
• If installed backwards, REPLACE THE 

PROM. 
• If pins bend, remove PROM, straighten pins, 

and reinstall. If bent pins break or crack 
during straightening, discard PROM and 
replace it. 

NOTICE: Any time the PROM is installed backward 
and the ignition switch turned "ON", the 
PROM is destroyed. 

CALPAK 

NOTICE: To prevent possible Electrostatic 
Discharge damage to the PROM, CAL
PAK, Do Not. touch the component leads, 
and Do Not remove integrated circuit from 
carrier. 

l+--+I Remove or Disconnect 
1. Remove ECM access cover. 
2. Remove Cal-Pak (Figure Cl-13) using removal 

tool shown. Grasp the Cal-Pak carrier at the 
narrow end only. Gently rock the carrier from end 
to end while applying a firm upward force. 

f L'8'1 Inspect 
3. Inspect reference end of the Cal-Pak carrier and 

carefully set aside. Do not remove Cal-Pak from 1 

the carrier to confirm Cal-Pak correctness. Notch 
in Cal-Pak referenced to smaller notch in carrier 
and the ( 1) . 
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El Install o~ C~n~ect 
4. Install Cal-Pak. Ira· service Cal-Pak is being 

installed, make sure it has the same part number 
as the removed Cal-Pak. Do not press on the Cal
Pak - only the carrier. 
Small notch of the-carrier must be aligned with 
small notch in socket. Press on Cal-Pak carrier 
until it is firmly seated in the socket. 

5. Install ECM access cover. 
6. Install ECM in passenger compartment and 

perform a "Diagnostic Circuit Check" to c·onfinn 
proper installation. 

DJ CALPAK 

I 

, GRASPCALPAK 
/ CARRIERAT 

1 NARROW ENDS 
ONLY 

(TI REMOVAL TOOL 

5S1526-6E 

Figure C1·13 • Removing Cal-Pak 

COOLANT TEMPERATURE (CTS) SENSOR 

NOTICE: Care must be taken when handling 
coolant temperature sensor. Damage to 
coolant_ temperature sensor will affect 
proper operation of the fuel injection 
system. 

E3 Remove or Disconnect 
1. Negative battery cable. 
2. Electrical connector. 
3. Carefully back out coolant temperature sensor. 

E3 Install or Connect 
1. Coolant temperature sensor in engine. 
2. Electrical connector. 
3. Negative battery cable. 

Manifold Absolute Pressure (MAP) Sensor 

Other than checking for loose hoses and electrical 
connections the only service possible is unit 
replacement if diagnosis shows sensor to be faulty. 

[I] MAT SENSOR uJ THROme BODY m ECM HARNESS m HEATSTOVE TUBE 
9S 5477-6E 

Figure C1-14 - MAT Sensor Service 

Manifold Air Temperature (MAT) Sensor 

l+--+I Remove or Disconnect 
1. Negative battery cable. 
2. Air cleaner assembly. 
3. Electrical connector. 
4. Carefully back out MAT sensor. 

El Install or Connect 
1. Coat threads only with sealant, PIN 1052080 or 

equivalent. 
2. MAT sensor in air cleaner. 
3. Electrical connector. 
4. Air cleaner assembly. 
5. Negative battery cable. 

OXYGEN (02) SENSOR 

NOTICE: The oxygen (02) sensor uses a 
permanently attached pigtail and 
connector. This pigtail should not be 
removed from the oxygen sensor. Damage 
or removal of the pigtail or connector could 
affect proper operation of the oxygen 
sensor. 
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rn Important 
Use care when handling the oxygen (02) sensor 
(Figure Cl-14). The in-line electrical connector 

. and louvered end must be kept free of grease, dirt 
or other contaminants. Also, avoid using cleaning 
sol vents of any type. Do not drop or roughly 
handle the oxygen ( 02) sensor'. 

l+~I Remove or Disconnect 
The oxygen sensor .may be difficult to remove 

when engine temperature is below 48°C (120°F). 
Excessive force may damage threads in exhaust 
manifold or exhaust pipe. 

1. Negative battery cable. 
2. Electrical connector. 
3. Carefully back out oxygen (02) sensor. 

E3 Install or Connect 

rn Important 
A special anti-seize compound is used on the 
oxygen (02) sensor threads. The compound 
consists of a liquid graphite and glass beads. The 
graphite will tend to burrl , away, but the glass 
beads will remain, making the sensor easier to 
remove. 
New or service oxygen (02) sensors will already 
have the compound applied to the threads. If a 
sensor is removed from an engine, and, if for any 
reason it is to be reinstalled, the threads must 
have · anti-seize compound applied before 
reinstallation. · 

l. Coat threads of oxygen sensor with anti-seize 
compound PIN 3613695 or equivalent if necessary. 

2. Oxygen sensor, and torque to 41 N·m (30 ft. lb.). 
3. Electrical connector. 
4. Negative battery cable. 

THROTTLE POSITION SENSOR (TPS) 

E3 Remove or Disconnect 
1 Air cleaner. 
2 Electrical connector. 
3 Two TPS attaching screws, lockwashers and 

retainers. 
4. Throttle Position Sensor. 

E3 Install or Connect 
1. With throttle valve in the normal closed idle 

position, install throttle position sensor on throttle 
body assembly, making sure TPS pickup lever is 
located ABOVE tang on throttle actuator lever. 

,_.. Jlll"""iJ..J.~h~~,f,-1~~ 

I 
NE/E.C.M. r oJ 

HARNESS 

W OXYGEN SENSOR 38-46 N·m (28-33 LBS. FT.) 
I}] GASKET BS 4688-6E 

Figure C1-15 • Oxygen Sensor 

l~I Tighten 
Retainers and two TPS attaching screws and 
lockwashers to 2.0 N·m (18 in. lb.). 

2. Electrical connector .. 
3. Air cleaner assembly. 

PARK/NEUTRAL SWITCH 

See Section "SA" for location of park/neutral, 
switch. "On-Car Service" and adjustment procedures 
are also listed there. 

PARTS INFORMATION 

PART NAME GROUP 

Controller, ECM ..................... 
Calibrator, PROM ••••••••••••••••• .- •• 
Sensor, Coolant Temp . ••••••••••••.•••• , 
MAT Sensor ••••••••••••• . • •••••• ~ ••• 
Sensor, Exhaust Oxygen •••••••••• , •••• 
Sensor,MAP •••••••• ••••·•••• ••••••• 
Sensor Kit, Throttle Position •••••••••••• 
Switch, Neu Saf and Backing LP •••••••• • 

3.670 
3.670 
3.682 
3.682 
3.682 
3.682 
3.764 
2.698 
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BLANK 
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8-3-87 

PARK/NEUTRAL 
SWITCH 

ORCUITTO 
GROUND IN PARK 

AND NEUTRAL 

Circuit Description: 

L'P CONNECTOR 
(15-WAY) 

CD I[) CIJ IMl wl 00 []] 
m11t1 mm1 rn im 

L'P HARNESS CONNECTOR 
15 WAY (FRONT VIEW) 

fN1 
...c,~(-A ____ --11 ._ ___ 434 ORN/BLK 

LJ r, i ,so ILK/WHT 

Q 
ENGINE 

GROUND 

CHARTC-1A 
PARK/NEUTRAL SWITCH DIAGNOSIS 

(AUTO TRANSMISSION ONLY) 
5.0L (VINE) "F" CARLINE (TBI) 

ECM 

P/NSIGNAL 

6-8-88 
4S0754-6E 

The park/neutral switch contacts are a part of the neutral start switch and are closed to ground in park or 
neutral and open in drive ranges. 

The ECM supplies ignition voltage through a current lim~ting resistor to CKT 434 and senses a closed 
switch when the voltage on CKT 434 drops to less than one volt. 

The ECM uses the P/N signal as one of the inputs to control: 
Idle air control 
VSS diagnostics 
EGR. 

If CKT 434 indicates PIN (grounded), while in drive range, the EGR would be inoper~tive, resulting in 
possible detonation. 

If CKT 434 always indicates drive (open), a drop in the idle may exist when the gear selector is moved into 
drive range. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Checks for a closed swi.tch to ground in park 

position. Different makes of"Scan" tools will read 
PIN differently. Refer to "Operators Manual" for 
type of display used for a specific tool. 

2. Checks for an open switch in drive range. 
3. Be sure "Scan" tool indicates drive, even while 

wiggling shifter to test for an intermittent or 
misadjusted switch in drive range. 
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WITH TRANSAXLE/TRANSMISSION IN PARK, •sCAN• 
TOOL SHOULD INDICATE PARK OR NEUTRAL 
DOESITI 

CHARTC-1A 
PARK/NEUTRAL SWITCH DIAGNOSIS 

(AUTO TRANSMISSION ONLY) 
5.0L (VIN E) 11F" CARLINE (TBI) 

SHIFT TRANSAXLE/TRANSMISSION INT.O DRJVE. 
• SCAN• TOOL SHOULD DISPLAY A CHANGE TO 
INDICATE DRIVE. 

0 • DfSCONNECT PARK/NEUTRAL SWITCH CONNECTOR. 

DOESITI 

• DISCONNECT PIN SWITCH. 
• THIS SHOULD CAUSE 

·scAN. TOOL TO DISPLA y 
DRIVE RANGE. 
DOESIT? 

FAUL TY PIN SWITCH CONNECTION 
OR 
PIN SWITCH MISADJUSTED 
OR 
FAULTY. 

NO TROUBLE 
FOUND. PIN 
ORCUITOK. 

CKT 434 SHORTED 
TO GROUND 
OR 
FAULTY ECM. 

• JUMPER HARNESS CONNECTOR TERMINALS •A• AND 
•s• (CKT 434 TO 450). 

• •sCAN" TOOL SHOULD INDICATE PARK OR NEUTRAL. 
D0ESITI 

• JUMPER HARNESS CONNECTOR 
TERMINAL ,. A• (CKT 434) TO 
ENGINE GROUND. 

• "SCAN. TOOL SHOULD INDICATE 
PARK OR NEUTRAL. 
DOESIT? 

FAULTY PIN SWITCH 
CONNECTION 
OR 
PIN SWITCH MISA0JUSTED 
OR 
FAULTY. 

CKT4340PEN 
OR 
FAUL TY ECM CONNECTION 
OR 
ECM. 

12-2-87 
7S 3161-6E 
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ECM 

r-
------------ 806 PPl/WHT ---11 cg CRANK SIGNAL 

' 

t 

CRANK 
FUSE 

STARTER SOLENOID 
(B + DURING CRANK) 

CHARTC-18 
CRANK SIGNAL 

5.0L (VIN E) "F" CARLINE (TBI) 

6-28-88 
* 85 4448-6EA 

Circuit Description: 
Crank signal is a 12 volts signal to the ECM during cranking to allow enrichment and cancel diagnostics 

until engine is running. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Checks for normal (cranking) voltage to terminal 

"C9" of ECM. Test light should be "ONn during 
cranking. 

2. Checks to determine if source of blown fuse was a 
faultyECM. 



PRIVEABIUTY AND EMISSIONS. S~0F(VIN E)- 6E2-C1.•15-

0 • PROBE ECM CONNECTOR OCT 806 WITH 
TEST LIGHT TO GROUND. 

NO LIGHT DURING CRANK 

CHECK FUSE 

NOTOK 

0 CHECK WIRE FROM FUSE TO 
ECM FOR SHORT TO GROUND. 

• REPlACE FUSE. 
• CRANK ENGINE. 
• RECHECK FUSE. 

NOTOK 

REPLACEECM 

• CRANK ENGINE. 
• NOTE TEST LIGHT. 

CHARTC-18 
CRANK SIGNAL 

S.OL (VINE) .. F,. CARLINE (TBI)_ . 

LIGHT DURING CRANK 

CRANK SIGNAL ORCUIT OK IF LIGHT GOES 
OUT WITH ENGINE RUNNING. 

REPAIR OPEN IN WIRE FROM 
ECM TO tGNmON SWITCH. 

FAULTY FUSE. 
CRANK ORCUIT OK. 

Q.EAR CODES ANO CONFIRM ·a.oseo Loo,· OPERATION AND NO ·sERVICE ENGINE SOON- LIGHT. 
5-16-88 

4S082o-6E 
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½J--~-A-P-SE ... ;-~ ... R_,♦...--1 J ABC 

TOTPS 
SENSOR 

ECM 

MANIFOLD 
ABSOLUTE 
PRESSURE 
(VACUUM) 

._ ___________ 416GRY 
SVREF 

----------432lTGRN 
._ ___________ 4SSPPL· 

8-3-87 

SENSOR -= GROUND 
6-25-87 

* 652672-6E 

CHARTC-1D 
MAP OUTPUT CHECK 

5.0L (VIN E) .,Fn CARLINE (TBI) 
Circuit Description: 

The Manifold Absolute Pressure (MAP) sensor measures manifold pressure (vacuum) and sends that signal 
to the ECM. The ECM uses this information for fuel and spark control. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Checks MAP sensor output voltage to the ECM. 

This voltage, without engine running, represents 
a barometer reading to the ECM, 

2. Applying 34 kPa (10" Hg) vacuum to the MAP 
sensor should cause the voltage to be 1.2 - 2.3 volts 
less than the voltage at Step 1. Upon applying 
vacuum to the sensor, the change in voltage 
should be instantaneous. A slow voltage change 
indicates a faulty sensor. 

3. Check vacuum hose to sensor for leaking or 
restriction. Make sure no other vacuum devices 
are connected to the MAP hose. 

Diagnostic Aids: 

With the ignition "ON" and the engine stopped,, 
the manifold pressure is equal to atmospheric 
pressure and the signal voltage will be high. This 
information is used by the ECM as an indication of 
vehicle altitude and is referred to as BARO. 
Comparison of this BARO reading with a known good 
vehicle with the same sensor is a good way to check 
accuracy of a "suspect" sensor. Reading should be the 
same, ± .4 volt. 
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CHARTC-1D 
MAP OUTPUT CH ECK 

5.0L (VINE) UF" CARLINE (TBI) 

0 . IGNmON .. ON'",ENGINE90Ff.· 

0 

0 

• •sCAN'" TOOL SHOULD INDICATE A VOLTAGE WITHIN 
THE VALUES SHOWN IN THE CHART BELOW. 
DOESITI 

• DISCONNECT VAOJUM HOSE AT MAP SENSOR AND 
PLUG HOSE. 

• CONNECT A HAND VACUUM PUMP TO MAP 
SENSOR. 

• START ENGINE. 
• APPLY 34 kh (1 O'" Hg) OF VACUUM AND 

NOTE VOLTAGE CHANGE. VOLTAGE 
SHOULD BE 1.2 • 2.3VOLTS LESS THAN STEP 1. 
1s1n 

NO TROUBLE FOUND. CHECK SENSOR HOSE FOR 
LEAKAGE OR RESTRICTION. BE SURE THIS HOSE 
SUPPUES VACUUM TO MAP SENSOR ONLY. 

,------------------------------------------, ALTITUDE VOLTAGE RANGE 
Meters Feet 

Below 305 Below 1,000 3.8-5.SV 
305■- 610 1,000--2,000 3.6•--5.3V 
610--914 2.000--3,000 3.5--5.1V , 
914-1219 3,000--4,000 3.3-5.0V 

1219-1524 4,000-5,000 3.2--4.SV 
1524-1829 5,000--6,000 3.0-4.6V 
1829-2133 6,000--7,000 2.9-4.SV 
2133--2438 7,000-8,000 2.8---4.3V 
2438--2743 8,000-9,000 2.6--4.2V 
2743-3048 9,000-10,000 2.5-4.0V 

LOW ALTITUDE = HIGH PRESSURE = HIGH VOLTAGE 

I 
I 
I 
I 
I 
I 

L------------------------------------------J 

CLEAR CODES AND CONFIRM "CLOSED LOOP .. OPERATION AND NO ·seRVICE ENGINE SOON" LIGHT. 12-1-87 
753162-6£ 
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POWER STEERING 
PRESSURE SWITCH 

®~ .. ------- 901 LTBLU 

~~ 
450 

CLOSES WITH HIGH 
PRESSURE •it 

ENGINE GROUND 

CHARTC-1E 

ECM 

P/S PRESSURE 
SIGNAL 

POWER STEERING PRESSURE SWITCH (PSPS) DIAGNOSIS 

Circuit Description: 
S.0L (VIN E) "F" CARLINE (TBI) 

8-3-87 
854433-6E 

The power steering pressure switch is normally open to ground, and CKT 901 will be near battery voltage. 
Turning the steering wheel increases power steering oil pressure and applies more load on an idling engine. 

The pressure switch will close before the load can cause an idle problem. 
Closing the switch causes ~T 901 to read less than 1 volt and the ECM will increase the idle air rate. 
• A pressure switch that will not close, or an open CKT 901 or 450, may cause the engine to stop when 

power steering loads are high. 
• A switch that will not open, or a CKT 901 shorted to ground, may affect idle quality. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Different makes of "Scan" tools may display the 

state of this switch in different ways. Ref er to 
"Scan" tool upgrading to determine how this input 
is indicated. 

2. Checks to determine if CKT 901 is shorted to 
ground. 

3. This should simulate a closed switch. 



DRIVEABILITY AND EMISSIONS 5.0l: (VINE) 6E2•C1·19 

CHARTC-1E 
POWER STEERING PRESSURE SWITCH (PSPS} DIAGNOSIS 

5.0L (VINE} Ufff CARLINE (TBI) 

WITH ENGINE IOUNG "SCAN• SHOULD DISPLAY PSPS TO BE "Off •• 

DOESm 

• TURN STEERING WHEEL AGAINST STOP. © • DISCONNECT PSPS. 

• "SCAN" SHOULD DISPLAY "ON•. 

DOESm DOESIT? 

PSPS ORCUIT OK. © • DISCONNECT PSPS 

HARNESS CONNECTOR. 

FAUL TY SWITCH. CKT901 SHORTED TO 

GROUND OR FAUL TY ECM. 

• JUMPER HARNESS 

TERMINALS TOGETHER. 

• "SCAN" SHOULD 

DISPLAY "ON•. 

DOESITI 

FAULTY CONNECTiON 

OR SWITCH. 

• JUMPER HARNESS CICT 901 TO 

CHASSIS GROUND. 

• "SCAN" SHOULD DISPLAY "ON". 

DOESIT? 

FAUL TY GROUND 

CKT 450. 

C1(T 901 OPEN OR 

FAULTYECM. 

CLEAR CODES AND CONFIRM •CLOSED LOOP" OPERATION AND NO "SERVICE ENGINE SOON" LIGHT. 

B-25-87 

*75 3163 
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SECTION C2 
FUEL METERING SYSTEM 

TBI MODEL 220 
CONTENTS 

GENERAL DESCRIPTION • • • • • • • • • • • • • • • 0·1 
PURPOSE ••••••••••••••••••••• • • • • C2-1 
MODES OF OPERATION • • • • • • • • • • • • • • C2·1 

Starting Mode • • • • • • • • • • • • • • • • • • • C2-1 
Oear Flood Mode •••••• -. • • • • • • • • • 0·2 
Run Mode • • • • • • • • • • • • • • • • • • • • • • C2-2 
0per, Loop • • • • • • • • • • • • • • • • • • • • • • C2-2 
Cosed Loop • • • • • • • • • • • • • • • • • • • • • C-2 
Highway Mode (Semi-Closed Loop) • • • • 0-2 
Acceleration Mode • • • • • • • • • • • • • • • 0-2 
Deceleration Mode • • • • • • • • • • • • • • • 0-2 
Battery Voltage Correction Mode • • • • • 0-2 
Fuel Cut Off Mode • • • • • • • • • • • • • • • • 0-2 

FUEL MmRING SYSTEM COMPONENTS • • • 0-2 
FUEL SUPPLY SYSTEM ••••••••••••••• 0-3 
FUEL !>UMP ELECTRICAL CIRCUIT • • • • • • • 0-3 
THROTTLE BODY INJECTION (TBI) UNIT ••• 0-3 

Fuel Injectors • • • • • • • • • • • • • • • • • • • • 0-3 
Pressure Regulator • • • • • • • • • • • • • • • 0-4 
Idle Air Control (IAC) Valve • • • • • • • • • • 0-4 
Throttle Position Sensor (TPS) •••••••• 0-4 

GENERAL DESCRIPTION 

PURPOSE 

The function of the fuel metering system is to 
deliver the correct amount of fuel to the engine under 
all operating conditions. Fuel is delivered by the 
Throttle Body Injection (TBD unit, which is controlled 
by the electronic control module (ECM). 

The main control' sensor is the oxygen (02) sensor, 
which is located in the exhaust manifold. The 02 
sensor tells the Engine Control Module (ECM) the 
amount of oxygen in the exhaust gas, and the ECM 
changes the air/fuel ratio to the engine by controlling 
the f'uel injector. A 14.7:1 air/fuel ratio is required for 
efficient catalytic converter operation. Because of the 
constant measuring and adjusting of the air/fuel ratio, 
the fuel injection system is called a "Closed Loop" 
system (Figure C2 -1). 

MODES OF OPERATION 

The ECM monitors voltages from several sensors 
to determine how much fuel to give the engine. The 
fuel is delivered under one of several conditions, called 
.. modes." All the modes are controlled by the ECM. 

DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • • 0-5 
FUEL METERING SYSTEM ••••••••••••• 0-5 

Fuel System Pressure Test • • • • • • • • • • • C2-5 
Idle Air Control Valve (IAC) • • • • • • • • • 0-5 
Driveability • • • • • • • • • • • • • • • • • • • • • 0-5 

ON VEHICLE SERVICE ••••••••••••••••• 0-5 
FUEL PUMP RELAY •••••••••••••••••• 0-5 
OIL PRESSURE SWITCH ••••••••••••••• 0-6 
GENERAL SERVICE INFORMATION •••••• 0-6 

Fuel Pressure Relief Procedure • • • • • • 0-6 
Cleaning Procedures • • • • • • • • • • • • • • C2-6 
Thread Locking Compound ••••••••• 0-7 

TBI UNIT • • • • • • • • • • • • • • • • • • • • • • • • • C2-7 
FU EL METER COVER ASS EMBLY • • • • • • • • 0-8 
FUEL INJECTORS • • • • • • • • • • • • • • • • • • • C2-8 
FUEL METER BODY ASSEMBLY ••••••••• C2-11 
THROTTLE POSITION SENSOR (TPS) ••••• C2-12 
IDLE AIR CONTROL (IAC) VALVE ••••••• C2-12 
THROTTLE BODY REPLACEMENT •••••• 0-13 

PARTS INFORMATION ••••••••••••••••• C2-14 
TORQUE SPEQFICATIONS ••••••••••••• 0-14 

Starting Mode 

When the key is first turned "ON", the ECM turns 
"ON" the fuel pump relay for two seconds, and the fuel 
pump builds up pressure to the TBI unit. The ECM 
checks the coolant temperature sensor, Throttle 
Position Sensor (TPS), Manifold Absolute Pressure 
(MAP) sensor, Manifold Air Temperature (MAT) 
sensor, and crank signal, then determines the proper 

CD ENGINE CONTROL MODULE (ECM) 

0 EXHAUST OXYGEN (Oz) SENSOR 

0 THROffiE IODY INJECTION UNIT (TBI) 
r., IP IDS2·5YE L!..J CATALYTICCONYERTER 41H1 

Figure 0-1 - ·aosed Loop• System 
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air/fuel ratio for starting. This ranges from 1.5: 1 at -
36°C (-33°F) to 14.7:1, at 94°C (201°F) coolant. 
temperature . . 

The ECM controls the amount of fuel delivered. in 
the starting mode by changing how long the injector is 
turned ''ON" and "OFF." This is done by "pulsing" the 
injector for very short times. 

Clear Flood Mode 

If the engine floods, clear it by pushing the 
accelerator pedal down all the way. The ECM then 
pulses the injector at a 20:1 air/fuel ratio, and holds 
this injector rate as long as the throttle stays wide 
open, and the engine is below 600 rpm. ff the throttle 
position becomes less than 80%, the ECM returns to 
the starting mode. 

Run Mode 

The run mode has two conditions called "Open 
Loop" and "Closed Loop." 

Open loop 

When the engine is first started, and it is above 
400 rpm, the system goes into "Open Loop" operation. 
In "Open Loop," the ECM ignores the signal from the 
(02) sensor, and calculates the air/fuel ratio based on 
inputs from the coolant temperature and MAP 
sensors. 

The system stays in "Open Loop" until the 
following conditions are met: 
1. The 02 sensor has varying voltage output, 

showing that it is hot enough to operate properly. 
(This depends on temperature.) 

2. The coolant temperature sensor is above a 
specified temperature. 

3. A specific amount of time has elapsed after 
starting the engine. 

Closed Loop 

The specific values for the above conditions vary 
with different engines, and are stored in the 
Programmable Read Only Memory (PROM). When 
these conditions are met, the system goes into "Closed 
Loop" operation. In "Closed Loop," the ECM 
calculates the air/fuel ratio (injector on-time) based on 
the signal from the 02 sensor. This allows the air/fuel 
ratio to stay.very close to 14.7:1. 

Highway Mode (Semi•Closed Loop) 

When the vehicle is driven at highway speeds, 
the system may enter "Highway" or "Semi-Closed
Loop" mode for improved fuel economy. For the 
system to enter the "Highway" mode, the ECM must 
first see the correct engine temperature, spark timing, 
canister purge activity, and constant vehicle speed. 

While operating in this mode, the air/fuel mixture· 
may be leaned to as much as 16.5:1 for optimum fuel 
economy. 

During "Highway" mode operation, the ECM 
will periodically switch back to "Closed Loop" mode t.o 
allow a check of the engine systems. If all systems 
meet the requirements, the ECM will switch to the 
"Highway" mode again. 

Using a "Scan" tool, it is possible t.o determine 
when the system is operating in "Highway" mode by 
looking at integrator/block learn values and oxygen 
sensor voltage: 

• Integrator and block learn values will show 
very little change. 

• Oxygen sensor voltage, normally between 0 
and 1000 millivolts, will be less than 100 
millivolts. 

Acceleration Mode 

The ECM looks at rapid changes in throttle 
position and manifold pressure, and provides extra 
fuel. 

Deceleration Mode 

When deceleration occurs, the fuel remaining in 
the intake manifold can cause excessive emissions and 
backfiring. Again, the ECM looks at changes in 
throttle position and manifold pressure and reduces 
the amount of fuel. When deceleration is very fast, the 
ECM can cut off fuel completely for short periods of 
time. 

Battery Voltage Correction Mode 

When battery voltage is low, the ECM can 
compensate for a weak spark delivered by the 
distributor by: 
• Increasing injector "ON" time offuel delivered; 
• Increasing the idle rpm. 

Fuel Cutoff Mode 

No fuel is delivered by the injectors when the 
ignition is "OFF." This prevents dieseling. Also, fuel 
is not delivered if no reference pulses are seen from 
the distributor, which means the engine is . not 
running. 

FUEL METERING SYSTEM 
COMPONENTS 

The fuel metering system (see Figure C2-2) 
consists of the following: 

• Fuel supply components (fuel tank, pump and 
lines) 

• Fuel pump electrical circuit. 
• Throttle Body Injection {TBI) Unit. 
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IJJ FUEL PUMP ANO 
SENDING UNIT 

m FUEL SUPPLY LINE 
II] FUEL FILTER 

m TBI UNIT 
II] FUEL RETURN LINE 

Figure C2-2 • Fuel Metering System 

FUEL SUPPLY SYSTEM 

The fuel supply is stored in the fuel tank. An 
electric fuel pump, located in the fuel tank with the 
gage sending unit, pumps fuel through an in-line fuel 
filter to the Throttle Body Injection (TBI) unit. The 
pump is designed to provid, fuel at a pressure above 
the pressure needed by the- injectors. A pressure 
regulator, an integral part of the TBI assembly, keeps 
fuel available to the injectors at a regulated pressure. 
Unused fuel is returned to the fuel tank by a separate 
line. (See Section .. 6C" for replacement procedures 
covering the fuel tank, fuel pump, in-line filter and 
fuel lines.) 

FUEL PUMP ELECTRICAL CIRCUIT 

When the ignition switch is turned to the .. ON" 
position (engine not running), the ECM turns the fuel 
pump relay ,.ON" for two seconds, causing the fuel 
pump to pressurize the fuel system. If the ECM does 
not receive ignition reference pulses (engine cranking 
or running) within tw'o seconds, it will shut "OFF" the 
fuel pump relay, causing the fuel pump to stop. 

As a backup system to the fuel pump relay, the 
fuel pump can also be turned "ON" by the oil pressure 
switch. The oil pressure sender has two internal 
circuits. One operates the oil pressure indicator or 
gage in the instrument cluster, and the other is a 
normally open switch which closes when oil pressure 
reaches about 28 kPa (4 psi). If the fuel pump relay 
fails, a Code 54 will be set in the ECM, and the oil 
pressure switch will run the fuel pump. 

An inoperative fuel pump relay can result in long 
cranking times, particularly if the engine is cold. The 
oil pressure switch will turn "ON" the fuel pump as 
soon as oil pressure reaches about 28 kPa (4 psi). 

THROTTLE BODY INJECTION (TBI} UNIT 

The Model 220 unit (Figure C2-3) consists· of three 
major assemblies: 

• Fuel Meter Cover 
Fuel pressure regulator 

• Fuel Meter Body 
Fuel injectors 

• Throttle Body 
Two throttle valves to control air flow into the 
engine. 
Idle Air Control (IAC) Valve 
Throttle Position Sensor (TPS) 
Vacuum ports located at, ·above, or below the 
throttle valves to generate vacuum signals to 
various controls and accessories. 

- -- · e 
5 . 

~~-~lt'J't: 

~ -_.,;--·· 

II}--J -- . . -
~ --~-- m 

DJ FUEL INJECTORS ...- . 

[I) THROTTLE BODY ASSEMBLY 

m THROTTLE POSfflON SENSOR (TPS) 

[Ij IDLE AIR CONTROL (IAC) VALVE ASSEMBLY 

(I] FUEL METER BODY ASSl:MBLY 

(IJ FUEL METER COYER ASS EMBLY ~::-As 
Figure C2-3 - Model 220 Throttle Body Injection Unit 

Fuel Injectors 

A fuel injector (Figure C2-4) is a sole_noid-operated 
device controlled by the ECM. When the ECM 
energizes the solenoid, a normally closed ball valve is 
lifted off its seat. The pressurized fuel is injected in a 
conical spray pattern against the walls of the throttle 
bore above the throttle valve. The fuel which is not 
used by the injector passes through the pressure 
regulator before being returned to the fuel tan_k. 
Model 220 TBI uses two injectors designed with the 
flow capacity required for the engine application. 

A fuel injector which does not open may cause a 
no-start condition. An injector which is stuck partly 
open will cause a loss of pressure after setting, so long 
crank times would be noticed. Also, dieseling could 
occur because some fuel would be delivered to the 
engine after the key is turned "OFF." An injector 
stuck completely open will cause a stall or no-start 
condition. 
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Pressure Regulator 

The pressure regulator (see Figure C2-4) is an 
integral part of the fuel meter cover, and contains an 
air chamber and a fuel chamber that are separated by 
a diaphragm-operated relief valve and a c_alibrated 
spring. The function of the regulator is to maintain 
constant pressure drop across the injector at all times. 
Fuel pressure is regulated by the difference between 
fuel pump pressure acting on one side of the 
diaphragm and the force. of the calibrated spring (and 
air cleaner pressure) acting on the other side. The 
system operates in an acceptable pressure range of 62 
to 90 kPa (9 to 13 psi). The fuel meter cove_r incfudes a 
bleed that relieves system pressure when _the engine is 
turned "OFF". The bleed also helps purge vapors from 
the injector and regulator after a hot restart. 

If the pressure regulator in the TBI supplies 
pressure which is too low (below 62 kPa or 9 psi), poor 
performance could result. If the pressure is too high, 
excess emissions and unpleasant exhaust odor may 
result. 

IT] PRESSURE REGULATOR 

[I] FUEL INJECTOR 

m FUEL INJ£CTOR INL£'!' FILTER 

II) T11ROTTLE BODY 
0

ASSEMBLY 

[I) FUEL FftOM PUMP; 

(!] INJECTOR ELECTRICAL TERMINALS 

@J CONSTANT 81..£EO. • (SOME MODELS) 

[fil PRESSURE REGULATOR DIAPHRAGM ASSEMBLY 

[!] PRESSURE REGULATOR SPRING 

(I] FUEL RETURN 10 TANK 

@] THROTTLE VAIYE 

8P0320•SY 
1/15/a7 

Figure C2-4- TBI 220 Fuel Flow Diagram 

Idle Air Control {IAC) Valve 

Engine idle speed is controlled by the ECM through 
the Idle Air Control (IAC) valve mounted on the 
throttle body (Figures C2-5, 6). 

The ECM sends voltage pulses to the IAC motor 
windings causing the IAC pintle to move "IN" or 
"OUT" a given distance {number of steps) for each 
pulse, called counts. The pintle movement _co.ntrols' 
the airflow bypassing the throttle valves, which in 
tum, controls engine idle speed. 

• Engine idle speed is a function of total airflow into 
the engine based on IACV pintle position + PCV 
flow + throttle valve opening + calibrated 
vacuum loss through accessories. 

• "Controlled" idle speed is programmed into the 
ECM, which determines the correct IAC valve 
pintle position to maintain the desired id.le speed 
for all engine operating conditions and loads. 

• The minimum idle air rate is set at the factory 
with a stop screw. This setting allows enough air 
flow by the throttle valves to cause the IAC valve 
pintle to be positioned a calibrated number of 
steps (counts), from the seat, during "controlled" 
idle operation. 

• If the lAC valve is disconnected and reconnected 
with the engin:e running, the id.le speed may be 
wrong. In this case, the IAC valve can be reset by 
doing the following: depress accelerator pedal 
slightly, start and run engine for five seconds, 
then turn ignition "OFF" for ten seconds. 

DJ TERMINAL PINS 

W BALL BEARING ASS EMBLY 

[I] STATOR ASSEMBLY 7 

[!) ROTOR ASSEMBLY 

[!)SPRING 

WPINTLE 

[!]LEAD SCREW 

8P0933-AS 
1115117 

Figure C2•5 • Idle Air Control (IAC) Valve 

Throttle Position Sensor {TPS) 

The Throttle Position Sensor (TPS), is mounted on 
the side of the throttle body opposite the throttle lever 
assembly. Its function is to sense the current throttle 
valve position and relay that information to the ECM. 
Knowledge of throttle position allo~.s the ECM to 
generate the required injector control_ signals ~pulses). 
Refer to Section "6E2-Cl" for further information. 
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(J] FUEL METER COVER & BODY ASSEMBLIES 

. m THROTTLE BODY ASSEMBLY 

m IDLE AIR CONTROL VALVE ASSEMBLY m FILTERED AIR INLET 

C!::jPINTLE 

@J THROTTLE VAi.YE . m VACUUM PORTS· FOR ENGINE OR EMISSION 
CONTROLS 

Figure C2-6 • IACV Air Flow Diagram 

DIAGNOSIS 

FUEL METERING SYSTEM 

8P0319-SY 
1115'87 

Always start with the "Diagnostic Circuit Check" 
in Section "6E2-A". This will reduce diagnosis time, 
and prevent unnecessal"y parts l"eplacement. The 
diagnosis of the "Fuel Metedng System" is covered in 
Chart A-3, "Engine Cranks but Won't Run," and 
Chart A-7, "Fuel System Diagnosis." These charts 
cover the diagnosis of the injectors, pressure 
regulator, and the fuel pump. Diagnosis of the fuel 
pump relay and oil pressure switch is covered in the 
Code 54 Chart. 

Fuel System Pressure Test 

Tools Required: 
J 29658-B or BT-8205, Fuel Pressure Gage 
J 29658-85 Adapter 

A fuel system pressure test is part of several of the 
diagnostic charts and symptom checks. To perform 
this test, follow this procedure: 

CAUTION: • .To reduce the risk of fire and 
personal injury. it is necessary 

·to relieve the fuel system 
pressure before connecting a 
fuel pressure gage. 

• A small amount of fuel may be 
released when disconnecting 

the fuel lines. In order to 
reduce the chance of personal 
injury. cover fuel line fittings 
with a shop towel before 
disconnecting. to catch any fuel 
that may leak out. Place the 
towel in an approved container 
when disconnect is completed. 

1. Disconnect negative battery terminal to avoid 
possible fuel diS'!harge .if an accidental attempt is 
made to start the engine. 

2. Loosen fuel filler cap to relieve tank vapor 
pressure. 

3. The internal constant b·leed feature of TBI Model 
220 relieves fuel pump system pressure when the 
engine is turned "OFF." Therfore, no further 
pressure relief procedure is required. 

4. Disconnect fuel feed hose in engine compartment. 
Install J 29658B or BT-8205 gage and J .29658-85 
adapter between steel line and flexible hose. · 

Tighten gage in line to ensure no leaks occur 
during testing. 

5. Connect negative battery terminal. 
6. Start car and observe fuel pressure reading. It 

should be 62 to 90 kPa (9 to 13 psi); if not, refer to 
CHARTA-7. . 

7. Disonnect negative battery terminal. 
8. Loosen fuel filler cap to relieve tank vapor 

pressure. 
9. Remove fuel pressure gage. 
10. Install new 0-rlng on fuel feed line. 
11. Reconnect fuel feed line. 
12. Connect negative battery terminal. 
13. With engine "OFF" and ignition "ON,n check for 

fuel leaks. 

Idle Air Control (IAC) Valve 

A "Scan" tool reads IAC position in steps, called 
"counts." "O" steps indicates the ECM is comman~g 
the IAC to be driven in, to a fully seated . position 

· (minimum idle air). The higher the number steps, the 
more idle air being allowed to pass by the IAC valve. 

Refer to CHART C-2C for information to diagnose 
the function of the IAC valve. 

Driveability 

Refer to Section "B" for driveability symptoms 
related to the fuel control. 

ON-VEHICLE SERVICE 

FUEL PUMP RELAY 

The fuel pump relay is mounted in the engine 
compartment (Figure C2-7). For diagnosis of the fuel 
pump relay circuit, refer to the Code 54 chart. 
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~ 
I~ 

'I . 

J 
I 

854418-6E 

Figure 0-7 - Fuel Pump Relay 

OIL PRESSURE SWITCH 

The oil pressure switch is mounted on the engine 
(Figure C2-8). This switch is a parallel power supply, 
with the fuel pump relay, and will provide battery 
volt.age to the fuel pump, after approximately 28 kPa 
(4 psi) oil pressure is reached. 

IT] Oil PRESSUREIFUEl PUMP SWITCH ASSEMBLY 
955266-&E 

Figure 0-8 - Oil Pressure Switch 

GENERAL SERVICE INFORMATION 

The TBI unit repair procedures cover component 
replacement with the unit on the vehicle. However, 
throttle body replacement requires that the complete 
unit be removed from the engine . . 

An eight digit part' identification number is 
stamped on the throttle body (Figure C2-9). Refer to 
this number if servicing or part replacement is 
required. 

Refer to the disassembled view (Figure C2-l l) for 
identification of parts during repair procedures. 

MODEL 
NUIIIIER 

L.1_]4--ASSEIIBLY PLANT 
CODE 

,,--1◄--SHIFT IDENTl,iCATION 

U~::;:--YEAR 
DAY OF YEAR 

9P0154-AS 

Figure C2-9 - TBI 220 Identification 

CAUTION: • To reduce the risk of fire and 
personal injury, it is necessary 
to relieve the fuel system 
pressure before servicing fuel 
system components. 

• A small amount of fuel may be 
released when servicing fuel 
lines or connections. In order 
to reduce the chance of 
personal injury, cover fuel line 
fittings with a shop towel 
before disconnecting, to catch 
any fuel that may leak out. 
Place the towel in an approved 
container when disconnect is 
completed. 

Fuel Pressure Relief Procedure 

1. Disconnect negative battery terminal to avoid 
possible fuel discharge if an accidental attempt is 
made to start the engine. 

2. Loosen fuel filler cap to relieve tank vapor 
pressure. 

- 3. The internal constant bleed feature of TBI Model 
220 relieves fuel pump system pressure when the 
engine is turned .. OFF." Therefore, no further 
pressure relief procedure is required. 

Cleaning Procedures 

All TBI component parts, with the exception of 
those noted below, should be cleaned in a cold 
immersion cleaner such as GM X-55 or equivalent. 

NOTICE: The Throttle Position Sensor (TPS), Idle 
Air Control (IAC) valve, fuel meter cover 
assembly, fuel injectors or other 
components containing rubber, should 
NOT be placed in a solvent or cleaner 
bath. A chemical reaction will cause these 
parts to swell, harden or distort. Do not 
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soak the throttle body with the above 
parts attached. If the throttle body 
assembly requires cleaning, soaking time 
in the cleaner should be kept ~o a 
minimum. Some models have hidden 
throttle shaft dust seals that could lose 
their effectiveness by extended soaking. 

Thread-Locking Con1pound 

Service repair kits are supplied with a small vial 
of thread-locking compound with directions for use: If 
material is not available, use Loctite 262 or 
equivalent. 

TBI UNIT 

E3 • Remove or Disconnect (Figure C2-10) 
1. Negative battery terminal. 
2. Relieve fuel system pressure. 
3. Air cleaner assembly and extension (spacer). 
4. Electrical connectors to lAC valve, TPS and fuel 

injectors. 
5. Injector wiring harness. 
6. Throttle cable, return spring(s), transmission 

control cable, and crui6' ,:ontrol cable (wherever 
applicable). 

7·. Vacuum hoses (noting position of hoses) and 
bracket. 

8. Fuel feed and return lines. 
- . Use a back-up wrench on TBI fuel nuts to 

prevent them from turning. 
9. Fuel line 0-rings (30, 37) and discard. 
10. TBI attaching bolts. 
11. TBI unit and flange gasket (70). 

Discard gasket. · 

rn Important 
• Stuff manifold opening with a shop towel to 

prevent dirt and other contaminants from 
entering engine. 

~ Clean 

NOTICE: Use care in cleaning old gasket material 
from machined aluminum surfaces. Sharp 
tools may damage sealing surfaces. 

• __ Gasket sealing surfaces. 

E3 Install or Connect (Figure C2-10) 
1. New TBI flange gasket (70). 
2. TBI unit. 
3. TBI attaching bolts. 

l~I Tighten 
• TBI attaching bolts to 22.0 N·m ( 16 lb.ft.). 

~, 
l l 

I 

TBI UNIT 2
1

3 

BOLT 

GASKET (MUST BE INSTALLED WITH 
STRIPE FACING UP) 

IT] ENGINE INTAKE MANIFOLD 
&S..2799-&E 

Figure 0-10 • TBI Removal and Installation 

4. New O-rings (30, 37) on fuel lines. 
5. Fuel feed and return lines. 

l~I Tighten 
• Fuel line nuts to 30.0 N·m (22 lb.ft.). 
• Use a back-up wrench on the TBI fuel nuts to 

prevent them from turning. 

6. Vacuum hoses and bracket. 
7. Throttle cable, return spring(s), transmission 

control cable, and cruise control cable (wherever 
applicable). 

rn Important 
• Make sure throttle and cruise c"ontrol cables do 

not hold throttle open. Refer to Section 6C 
"Engine Fuel" for additional information on 
accelerator controls. 

8. Irtjector wiring harness. 
9. Electrical connecb:>rs, making ~ure connectors are 

fully seated and latched. 
10. Negative battery terminal. 

ll•I Inspect 
• With engine "OFF," and ignition "ON," check 

for fuel leaks. 
• With the engine "OFF", check to see that the 

accelerator pedal is free: 
Depress pedal to the floor and release. 
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11. Air cleaner extension, and air cleaner assembly. 
12. Reset IAC valve pintle position: 

a. Depress accelerator pedal slightly. 
b. Start and run engine for three seconds. 
c. Turn ignition "OFF" for ten seconds. 
d. Restart engine and check for proper idle 

operation. 

FUEL METER COVER ASSEMBLY 

The fuel meter cover and pressure regulator are 
serviced as a complete assembly only. 

CAUTION: DO NOT remove the four screws 
securing the pressure regulator to 
the fuel meter cover. The fuel 
pressure regulator includes a large 
spring under heavy compression 
which, if accidentally released, 
could cause pei:sonal injury. 
Disassembly might also result in a 
fuel leak between the diaphragm 
and the regulator container. 

E3 Remove or Disconnect (Figure C2-12) 
1. Negative battery terminal. 
2. Relieve fuel system pressure. 
3. Air cleaner assembly and extension (spacer). 
4. Electrical connectors to fuel injectors. (Squeeze 

plastic tabs and pull straight up.) 
5. Fuel meter cover attaching screws (1, 2). 
6. Fuel meter cover a_ssembly (3). 

NOTICE: DO NOT immerse the fuel meter 
cover (with pressure regulator) in 
cleaner, as damage to the regulator 
diaphragm could occur. 

7. Fuel meter outlet gasket (5), cover gasket (4), and 
pressure regulator dust seal (6). Discard gaskets 
and seal. 

~ -Clean 
• Gasket sealing surfaces. 

E3 Install or Connect (Figure C2-12) 
1. New pressure regulator dust seal (6), fuel meter 

outlet passage gasket (5), and ~over gasket (4). 
2. Fuel meter cover assembly (3). 
3. Fuel meter cover attaching screws (1, 2), coated 

with appropriate thread-locking compound. 
Install short screws next to injectors. 

l~I Tighten 
• Fuel meter cover attaching screws to 3.0 

N·m (27 lb.in.). 

4. Electrical connectors to fuel injectors. 
5. Negative battery terminal. · 

IL•I Inspect 
• With engine .. OFF", and ignition "ON", check 

for fuel leaks. 

6. Air cleaner extension, and air cleaner assembly. 

FUEL INJECTORS 

Each fuel injector is serviced as a complete 
assembly only. 

NOTICE: Use care in removing injectors to prevent 
damage to the electrical connector 
terminals, the injector filter, and the fuel 
nozzle. Also, since the injectors are 
eleetrical components, they should not be 
immersed in any type of liquid solvent or 
cleaner as damage may occur. · 

E3 Remove or Disconnect 
(FiguresC2-12, 13, 14) 

1. Negative battery terminal. 
2. Relieve fuel system pressure. 
3. Air cleaner assembly and extension (spacer). 
4. Eleetrical connectors to fuel injectors. (Squeeze 

plastic tabs and pull straight up.) 
5. Fuel meter cover attaching screws (1, 2). 
6. Fuel meter cover assembly (3). 
7. Fuel meter outlet passage gasket (5) and pressure 

regulator dust seal (6). If fuel meter cover gasket 
(4) stuck to fuel meter body, leave it in place. Ifit 
is stuck to fuel meter cover, remove it, and place it 
on the fuel meter body. 

The fuel meter cover gasket will be used to 
protect the fuel meter body in the next step. 

8. With fuel meter cover gasket on fuel meter ·body, 
use a screwdriver and fulcrum to carefully pry out 
injector (10). 

9. Lower (small) 0-ring (12) from noz~le end of 
injector and discard. 

10. Fuel meter cover gasket (4) and discard. 
11. Upper (large) 0-ring (13) and steel backup washer 

(14) from top of'injector cavity. Discard 0-ring. 

IL•I Inspect 
• Fuel injector filter (11) for evidence of dirt and 

contamination. If present, check for presence of 
dirt in fuel lines and fuel tank. 

rn Important (Figure C2-15) 
Be sure to replace the injector with an identical 
part. Injectors from other modeis can fit, but are 
calibrated for different flow rates. 
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Figure C2-11 - Model 220 TBI 

IP 0115-XV 
1115137 

PARTS IDENTIFICATION 
Model 220 TBI 

1 Screw Assembly - Fuel Meter 

Cover Attaching - Long 

2 Screw Assembly- Fuel Meter 

Cover Attaching - Short 

3 Fuel Meter Cover Assembly 

4 Gasket - Fuel Meter Cover 

5 Gasket • Fuel Meter Outlet 

6 Seal • Pressure Regulator 

7 Pfessure Regulator 

10 Injector - Fuel 

11 Filter - Fuel Injector Inlet 

12 0-ring - Fuel lnj~ctor - Lower 

13 0-ring - Fuel Injector - Upper 

14 Washer - Fuel Injector 

20 Screw Assembly - Fuel Mete 

Body • Throttle Body 

Attaching 

21 Fuel Meter Body Assembly 

22 Gasket - Throttle Bady to 

Fuel Meter Body 

23 Gasket - Air Cleaner 

30 0-ring - Fuel Return Line 

31 Nut- Fuel Outlet 

37 0-ring - Fuel Inlet Line 

38 Nut- Fuel Inlet 

40 Gasket - Fuel Outlet Nut 

41 Gasket• Fuel Inlet Nut 

52 Screw Assembly - TPS 

Attaching 

55 Retainer - TPS Attaching 

Screw 

58 Sensor - Throttle Position 

60 Plug - Idle Stop Screw 

61 Screw Assembly - Idle Stop 

62 Spring - Idle Stop Screw 

65 Throttle Body Assembly 

70 Gasket- Flange 

75 Valve Assembly - Idle Air 

Control 

76 Gasket - Idle Air Control 

Valve Assembly 

77 0-Ring • IACV 

78 Screw Assembly - IACV 

Attaching 
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~ .... J" ____ ____ 

[}J FUEL METER COVER ATTACHING SCREW 
ASSEMBLY· LONG m FUEL METER COVER ATTACHING SCREW 
ASSEMBLY· SHORT 

(!] FUEL METER COYER GASKET 

0 FUEL METER BODY ASSEMBLY 

11] THROTTLE BODY ASS EMBLY 

[I) FUEL METER OUTLET GASKET 

[I) PRESSURE REGULATOR SEAL 
r., IP092'-AS L!..J FUEL METER COVER ASSEMBLY 1115111 

Figure C2-12- Fuel Meter Cover Assembly 

IT] FUEL METER COVER GASKET 

m FUEL INJECTOR ASSEMBLY ::~s 
Figure 0-13- Removing TBI 220 Fuel Injector 

E31nstall or Connect 
(Figures C2-12, 14, 16) 

CAUTION: When installing an injector, the 
backup washer and upper 0-
ring must be installed before 
the injector to ensure proper 
seating of the 0-ring. 
Reversing these steps could 

· result in a fuel leak and 
possible fire. 

I 

(I] FUEL INJECTOR ASSEMBLY 

[I) FUEL INJECTOR INLET FILTER 

[I) FUEL INJECTOR LOWER -o• RING 

m FUEL INJECTOR UPPER •o• RING 

[I) FUEL INJECTOR WASHER 

[!) FUEL METER BODY ASSEMBLY 

(I] THROTTLE BODY ASSEMBLY :::-"5 

•Figure Cl-14- Fuel Injector and O-rings 

(D FUEL INJECTOR • TOP VIEW 

(I] PART IDENTIFICATION NUMBER 

([] VENDOR IDENTIFICATION m B 

@)m::ATECODE ~{1~ 
(]]DAY ~o~o 
[!)MONTH ~,..~ 

1-9 (JAN· SEPT) ~ • ~· 
O,N,D, (OCT.,NOV,DEC) 

@l}: __ 
9P 1071,AS 

Figure 0-15 - Fuel Injector Part Number Location 

1. Steel injector backup washer (14) in counterbore of 
fuel meter body. 

2. Lubricate new upper (large) O-ring (13) with 
engine oil, and install directly over the backup 
washer. 

Be sure O-ring is seated properly, and is flush 
with top offuel meter body surface. 

3. Lubricate new lower (small) O-ring (12) with 
engine oil, and install on nozzle end of injector. 

Push O-ring on far enough to contact filter. 
4. Fuel injector (10) 
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. 5. 

. 6. 
7. 

a. Align raised lug on injector base with notch in 
fuel meter body cavity. 

b. Push down on injector until it is fully seated in 
fuel meter body. (Electrical terminals of 

. injector should be parallel with throttle shaft.) 
New pressure regulator dust seal (6), fuel meter 
outlet gasket (5), and cover gasket (4). 
Fuel meter cover assembly (3). · ·· 
Fuel meter cover attaching screws (1, 2), coated 
with appropriate thread-locking compound. 

[I] FUEL INJECTOR ASSEMBLY 

m FUEL METER BODY ASSEMBLY 

Figure C2-16-fnstalling Fuel Injector 

l~I Tighten 

IPll933-AS 
1/tS/11 

• Fuel meter cover attaching screws to 3.0 
N·m (27 lb.in.). 

8. Electrical connectors to fuel injectors. 
9. Negative battery terminal. 

IL•I Inspect 
• With engine "OFF" and ignition "ON", check 

for fuel leaks. 

10. Air cleaner extension, and air cleaner assembly 

FUEL METER BODY ASSEMBLY 

(;:;t Remove or Disconnect 
(figures C2-12, 13, 14 and 17) 
1. Negative battery terminal. 
2. Relieve fuel system pressure. 
3. Air cleaner assembly and extension (spacer). 
4. Electrical connectors to injectors. (Squeeze plastic 

tabs and pull straight up.) 
5. Fuel meter cover (3) and fuel injectors (10). 
6. Fuel feed and return lines. 
7. Fuel line 0-rings (30, 37) and discard. 
8. Fuel inlet and outlet nuts {31, 38) and gaskets {40, 

41) from the fuel meter body assembly. 
Discard gaskets. 

[!] 

m 
[II 

[!]~ 

m~ 
(TI FUEL METER BODY ASSEIIBI Y 

m nlROTnE BODY 10 FUEL METER BODY GASKET 

(!] FUEL OUTLET NUT GASKET 

G) FUEL OUTLET NUT 

[il FUEL RETURN LINE -0- RING 

m FUEL INLET LINE "0" DIG 

(1] FUEL INLET NUT 

[I) FUEL INLET NUT GASKET 

(!] THROTTLE BODY ASSEMBLY 

! 10 I FUEL METER BODY -THROTTLE BODY ATTACHING 
SCREW ASSEMBLY 

IP0927-AS 
1115/11 

Figure 0-17- Fuel Meter Body Assembly 

rn Important 
Note locations of nuts, for proper reassembly 
later. Inlet nut has a larger passage than 
outlet nut. 

9. Fuel meter body to throttle body attaching screws 
(20). 

10. Fuel meter body (21} and gasket (22) from throttle 
body. 

Discard gasket. 

i:;;J Install or Connect 
(figures C2-12, 14, 16 and 17) 
1. New throttle body to fuel meter body gasket {22). 

Match cut-out portions in gasket with 
openings in throttle body. 

2. Fuel meter body assembly (21) on throttle body 
assembly. 

3. Fuel meter body-to-throttle body attaching screws 
(20), coated with appropriate thread-locking 
compound. 
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l~I Tighten 
• Fuel meter body attaching screws to 4.0 N·m 

(35 lb.in.). 

4. Fuel inlet and outlet nuts (31, 38) with new 
gaskets (40, 41). 

~ . Tighten 
• Inlet nut to 40.0 N-m (30 lb.ft.). 
• Outlet nut to 29.0 N·m (21 lb.ft.). 

5. New 0-rings (30~ 37) on fuel feed and return lines. 
6. Fuel lines. 

~ Tighten 
• Fuel line nuts to 30.0 N·m (22 lb.ft.). 
• Use a back-up wrench on the TBI fuel nuts to 

prevent them from turning. 

7. Fuel injectors (10) and fuel meter cover (3). 
8. Electrical connectors to injectors. 
9. Negative battery terminal. 

ll•I Inspect 
With engine "OFF," ir).d ignition "ON," check 
for fuel leaks. 

10. Air cleaner extension, and air cleaner assembly. 

THROTTLE POSITION SENSOR (TPS) 

l•-+I Remove or Disconnect (Figure C2-18) 
1. Air cleaner assembly and extension (spacer). 
2. TPS electrical comiector. 
3. TPSattachingscrews (52). 
4. Throttle position sensor (58). 

NOTICE: The TPS is an electrical component and 
must not be soaked in any liquid cleaner 
or solvent, as damage may result. 

E3 Install orConnect(Figure C2-18) 
1. Throttle position sensor (58). 

Line up TPS lever with TPS drive lever on 
throttle body. · 

2. TPS attaching screws (52). 

l~J Tighten 
• TPS attaching screws to 2.0 N·m (18 lb.in.). 

3. Electrical connector. 
4. Air cleaner extension, and air cleaner assembly. 

[jJ TPS [I] BOLT(2) 

7S3592.Q 

Figure 0-18-Throttle Position Sensor 

IDLE AIR CONTROL (IAC) VALVE 

E3 Remove or Disconnect (Figure C2-19) 
1. Air cleaner assembly and extension (spacer). 
2. IAC valve electrical connector. 
3. IAC valve assembly (75) and gasket (76). 

NOTICE: On IAC valves that have been in 
service: Do Not push or pull on the 
IAC valve pintle. The force 
required to move the pintle may 
damage the threads on the worm 
drive. 
Also, Do Not soak IACV in any 
liquid cleaner or solvent, as damage 
may result. 

~ ll•I Cleaning and Inspection 
• Both original and replacement IAC valves-have a 

special factory applied thread-locking compound 
applied to the screw threads. If the valve removed 
from the throttle body is being reinstalled, Do Not 
attempt to remove any of the thread locking 
compound that may be remaining on the threads. 

• Clean IACV gasket sealing surface, pintle v~lve 
seat and air passage. · 

Use carburetor cleaner to remove carbon 
deposits. Do N oi use a cleaner that contains 
Methyl Ethyl Keytone. It is an extremely 
strong solvent, and not necessary for this type 
of deposit. 
Shiny spots on the pintle or seat are normal, 
and do not indicate misalignment or a bent 
pintle shaft. · 
If air passage has heayY deposits, remove 
throttle body for complete cleaning. 
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[I] Important 

• If installing a new IAC valve, be sure to replace 
with an identical part. IACV pintle ,shape and 
diameter are designed for the specific application. 

fGl Measure (If Installing a New IAC Valve) 
(Figure C2-19) 
• Distance between tip of IAC valve pintle and 

mounting surface. 
If greater than 28 mm, use finger pressure to 
slowly retract the pintle. The force required to 
retract the pintle of a new valve will not cause 
damage to the valve. 

E3 Install or Connect (Figure C2-19) 
1. IAC valve assembly (75) and gasket (76). 

l~I Tighten 
• IAC valve to 18.0 N·m (13 lb.ft.). 
• Use a socket or box wrench on valve hex. 

2. IAC valve electrical connector. 
3. Air cleaner extension, and air cleaner assembly. 
4. Reset-IAC valve pintle ¢!iition: 

a . Depress accelerator pedal slightly. 
b. Start and run engine for five seconds. 
c. Turn ignition "OFF" for ten seconds. 
d. Restart engine and check for proper idle 

operation. 

m DISTANCE OF PINTLE EXTENSION 

[[} DIAMETER AND SHAPE OF PINTLE 

(£] IAC VALVE GASKET 
gp 1058-AS 

Figure C2-19 - Idle Air Control !AC Valve 

THROTTLE BODY REPLACEMENT 

E3 Remove or Disconnect (Figures 1 O, 11) 
l. Negative battery terminal. 
2. Relieve fuel system pressure. 
3. TBI unit from engine. 
4. Fuel inlet and outlet nuts and gaskets from the 

fuel meter body assembly. Discard gaskets. 

[I] Important 
Note locations of nuts, for proper reassembly 
later. Inlet nut has a larger passage than 
outlet nut. 

5. Fuel meter body to throttle body attaching screws. 
6. Fuel meter assembly and gasket from throttle 

body. 
Discard gasket. 

[L•I Inspect 

• Replacement throttle body for items that will need 
to be transferred from unit removed from engine. 

l~•I Disassemble 

• TBI unit, following component repair procedures. 

I+;~ Assemble 
• Replacement throttle body with transferred parts, 

following component repair procedures. 

E3 Install or Connect (Figures 10, 11) 
1. New throttle body to fuel meter body gasket. 

Match cut-out portions in gasket with openings in 
throttle body. 

2. Fuel meter assembly on replacement throttle 
body. 

3. Fuel meter body-to-throttle body attaching 
screws, coated with appropriate thread-locking 
compound. 

l~I Tighten 
• Fuel meter body attaching screws to 4.0 N·m 

(35 lb.in.). 

4. Fuel inlet and outlet nuts with new gaskets to 
fuel meter body assembly. 

l~I Tighten 
• Inlet nut to 40.0 N·m (30 lb.ft.). 
• Outlet nut to 29.0 N ·m (21 lb.ft.). 

5. TBI unit onto engine. 
6. Position air cleaner assembly on TBI unit to allow 

access to the idle stop screw. Connect MAT sensor 
electrical connector, and Thermac vacuum hose. 

7. Negative battery terminal. 
8. Adjust minimum idle speed. 

[I] Important 

• Minimum idle speed should only be adjusted when 
installing a replacement throttle body. 

• The idle stop screw is used to regulate minimum 
idle speed of the engine. On original equipment 
throttle bodies, it is adjusted at the factory, then 
covered with a plug to discourage unnecessary 
readjustment. 
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NOTICE: The minimum idle speed adjustment is 
critical to vehicle performance and 
component durability. Incorrect 
minimum idle speed adjustment (too 
high), will cause the IAC valve pintle 
to constantly bottom on its seat and 
result in early valve failure. If 
minimum idle speed is adjusted too 
low, the vehicle may not start in cold 
weather or may stall during warm-up. 

llJ Adjust 
1. Block drive wheels. and apply parking brake. 
2. Connect a "Scan .. tool to the ALDL connect.or. 
3. Turn ignition to "ONn position. 
4. Select "Field Service Mode" on "Scan" tool (refer to 

"Scan" tool instructions). This will cause IAC 
valve pintle to seat in throttle body (closing· air 
passage). Wait at least 45 seconds, disconnect IAC 
valve connector. then exit "Field Service Mode." 

5. Disconnect distributor set-timing connector. 

[I] Important 
• The distributor set-timing connector must be 

disconnected to fix spark-advance at base 
timing This eliminates the possibility of 
changes in engine speed due to changes in 
timing. 

6. Place transmission in "Park" (A/T) or "Neutraln 
(MIT). Start and run engine until it reaches 
norm.al operating temperature, and "Closed Loop" 
operation as read on the "Scan" tool. 

It may be necessary to hold throttle open 
slightly to maintain idle. 

7. Select "Engine rpm" on "Scan" tool, and read 
engine speed: 

[I] Important 
• Engine should be at normal operating 

temperature and in,.Closed-Loop." 
• Accessories (A/C, rear defog, etc.), should be 

"OFF." 
• Make sure throttle and cruise control cables do 

not hold throttle open. 
• Idle speed should be 475 ± 25 rpm. 

8. Adjust minimum idle speed if necessary . . 
9. Turn ignition "OFF." · 
10. Connect IAC valve electrical connector and 

distributor set-timing connector. 
11. Reset IAC valve pintle position: 

a. Depress accelerator pedal slightly. 
b. Start and run engine for five seconds. 
c. Turn ignition "OFF" for ten seconds. 
d. Restart engine and check for proper idle 

operation. 
12. Install air cleaner extension, and air cleaner 

assembly. 
13. Disconnect "Scan., tool. 
14. Remove block from drive wheels. 

PARTS INFORMATION 

PART NAME 

Meter Kit, Fuel • •••••••••••••••••••• 
Injector Kit, Fuel ••••••••• .•••••••••• 
Pump, Fuel (In Tank) •••••••••••••••• 
Relay, Fuel Pump •••••••••••••••••• 
Switch, Oil Press ••••••••.••••••.•.. 
Throttle Body Injection Unit ••••••••••• 
Control Kit, Idle Air Valve •••••••••••• 
0-rings, Fuel Lines .•••••••••••••••• 

GROUP 

3.734 
3.774 
3.900 
3.900 
1.800 
3.725 
3.820 
3.163 

TORQUE SPECIFICATIONS 

Throttle Body Attach. Bolts. • • 22.0 N ·m (16 lb.ft.) 
Fuel Line Nuts............. 30.0 N•m (22 lb.ft.) 
Fuel Meter Cover Screws...... 3.0 N·m (27 lb.in.) 
Fuel Meter Body-Throttle Body. 4.0 N·m (35 lb.in.) 
TBI Fuel Inlet Nut.......... 40.0 N·m (30 lb.ft.) 
TBI Fuel Outlet Nut......... 29.0 N-m (21 lb.ft.) 
Throttle Position Sensor...... 2.0 N·m (18 lb.in.) 
Idle Air Control Valye....... 18.0 N·m (13 lb.ft.) 
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BLANK 
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8-3-87 

Circuit Description: 

R 
----------- LT BLU/WHT 441 

----------- LT BLUIBLK 442 

----------- LTGRN/WHT 443 

t------------ LTGRN/BLK444 

CHARTC-2C 
IDLE AIR CONTROL ~IAC) VALVE CH ECK 

5.0L (VINE) •F' CARLINE (TBI) 

ECM 

IACCOIL •A" HI 

IACCOIL •A• LO 

IACC01t •a•Ht 

IACCOtL•S-LO 

5-12-87 
" ilS 0782-6E 

The ECM controls idle rpm with the IAC valve. To increase idle rpm, the ECM moves the IAC valve out, 
allowing more air to pass by the throttle plate. To decrease rpm, it moves the IAC valve in, reducing air flow by 
the throttle plate. A .. Scan,, tool will read the ECM commands to the IAC valve in counts. The higher the 
counts, the more air allowed (higher idle). The lower the counts, the less air allowed (lower idle). 

Test Description: Numbers below refer to circled rpm in drive, locate and correct vacuum leak. If rpm is 
numbers on the diagno~tic ch,rt. less than 450 rpm, adjust minimum idle speed, or 
1. Continue with test, even if engine will not idle. ff correct other conditions, which may affect idle. Refer 

idle is to low, "Scan" will display 80 or more to "Rough Unstable or Incorrect Idle", in "Symptoms", 
counts, or steps. If idle is high, it will display "O" Section "B". 
counts. Occasionally, an erratic or unstable idle • System too lean (High Air/Fuel Ratio) 
may occur. Engine speed may vary 200 rpm, or Idle speed may be too high or too low. Engine 
more, up and dow·n. Disconnect IAC. If the speed may vary up and down, disconnecting IAC 
condition is unchanged, the IAC is not at fault. does not help. May set Code 44. 

2. When the engine was stopped, the IAC Valve "Scan" and/or Voltmeter will read an oxygen 
retracted (more air) to a fixed "Park" position for sensor output less than 300 mv (.3 volt). Check for 
increased air flow and idle speed during the next low regulated fuel pressure or water in fuel. A 
engine start. A "Scan" will display 100 or more lean exhaust, with an oxygen sensor output fixed 
counts. When performing this test, immediately above 800 mv (.8 volt), will be a contaminated 
note rpm on start up, because, on a warm engine, sensor, usually silicone. This may also set a Code 
the rpm will decrease rapidly. 45. 

3. Be sure to disconnect the IAC valve prior to this • System too rich (Low Air/Fuel Ratio} 
test. The test light will confirm the ECM signals Idle speed too low ... Scan" counts usually above 
by a steady or flashing light on all circuits. 80. System obviously rich and may exhibit black 

4. There is a remote possibility that one of the CKTs smoke exhaust. 
is shorted to voltage, which would have been "Scan" tool and/or Voltmeter will read an oxygen 
indicated by a steady light. Disconnect ECM and sensor signal fixed above 800 mv (.8 volt). 
tum the ignition "ON" and probe terminals to Check: 
check for this condition. High fuel pressure 

Diagnostic Aids: 

A slow unstable idle may be caused by a system 
problem that cannot be overcome by the IAC. "Scan" 
counts will be above 60 counts, if too low, and "O" 
counts, if engine speed is too high. 

If idle is too high, stop engine. Ignition "ON". 
Ground diagnostic terminal. Wait 30 seconds for IAC 
to seat, then, disconnect IAC. Unground diagnostic 
terminal and start engine. If idle speed is above 450 

Injector leaking or sticking 
• Throttle Body. Remove IAC and inspect bore for 

foreign material or evidence of IAC valve 
dragging the bore. 

• If above are all OK, refer to "Rough, Unstable, 
Incorrect Idle or Stalling", in .. Symptoms", Section 
"B". 
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• A/C MUST BE ·oFr DURING ENTIRE CHECK. 

CHARTC-2C 
IDLE AIR CONTROL (IAC) VALVE CH ECK 

5.0L (VIN E) "F" CARLINE (TBI) 

• START ENGINE. ENGINE MUST IE AT NORMAL OPERA TING 
TEMPERATURE. 

• PLACE TRANSMISSION IN DRIVE (A/T) OR NEUTRAL (MIT). 
• RECORD STEADY ENGINE SPEED. IF IDLE IS ERRATIC OR 

UNSTABLE, REFER TO •otAGNOSTICAIDS• FACNG PAGE 
FOR POSSIBLE CAUSES. 

I 

• TURN IGNmON ·oFF. FOR 10 SECONDS. 
• STARTENGINE ANDIMMEDIATELY 

OBSERVE RPM IN NEUTRAL 
■ - ■ 

RPM SAME AS RECORDED IN RRST STEP I RPM HIGHER THAN RECORDED IN FIRST STEP I 
• IDLE ENGINE FOR t MINUTE IN 

DRIVE (AJT) OR NEUTRAL (MIT). 
• SHIFT TO NEUTRAL (A/T) 
• NOTE ENGINE SPEED 

~ WIU NOT RETURN TO RPM RETURNS TO RPM RECORDED IN FIRST STEP I 
RECORDED IN FIRST STEP I 

I IDlE AIR CONTROL ORCUIT OK. 

• IGNmON ·oFr REFER TO '"DIAGNOSTIC AIDS" 

• DISCONNECT IAC VALVE HARNESS. 
ON FAONG PAGE. 

• IGNmON ·oN·. ENGINE •off'" 
• GROUND DIAGNOSTIC TEST TERMINAL. 
• CONNEO A TESTLIGHTSETWEEN EACH IACVALVE 

HARNESS CONNEOOR TERMINAL AND GROUND. 

-- G) NO LIGHTS, ONE OR I LIGHT STEADY 
MORE ORCUITS OR FLASHING ALL 

■ ORCUITS 

• CHECK FOR OPEN OR SHORT TO I 

GROUND IN ORCUIT WITH NO LIGHT. FAULTYIAC 
ARE AU. ORCUITS OK? CONNECTION OR IAC 

I VALVE, OR PLUGGED 

s s PASSAGE. If LIGHT 
APPEARS TO BE STEADY, 
REFER TO STEP 4 ON 

• CHECK RESISTANCE ACROSSIACVALVECOILS. IT REPAIR WIRING AND I FAONGPAGE. 

SHOULD BE MORE THAN 20 OHMS BETWEEN IAC RECHECK. 
VALVE TERMINALS .A. & ·a- AND·c· & ·D-. 
ISIT? 

■ 

s [;J 
FAULTYECM I 
CONNECTION OR ECM. 

REPLACE IACVALVE I 
AND RETEST. 

Q.EAR CODES, CONRRM •a.OSl:D LOOP- OPERATION. NO '"SERVICE ENGINE SOON• LIGHT. 4.-6-88 
•7S3151-6E 



. 6E2-C2-18 DRIVEABILITY AND EMISSIONS 5.0L {VINE) . 

BLANK 















DRIVEABILITY AND EMISSIONS 5.0L (VINE) 6E2-C4-1 

SECTION C4 
IGNITION SYSTEM/(EST) 

CONTENTS 
GENERAL DESCRIPTION • • • • • • • • • • • • • • • C4-1 

PURPOSE • • • • • • • • • • • • • • • • • • • • • • • • C4-1 
OPERATION •••••••••••••••••••••• C4-1 

DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • C4•1 
RESULTS OF INCORRECT EST OPER. ••••• C4-1 
HOW CODE 42 IS DETERMINED • • • • • • • C4-2 

GENERAL DESCRIPTION 

PURPOSE 

The High Energy Ignition (HED system controls 
fuel combustion by providing a spark to ignite the 
compressed air/fuel mixture at the correct time. To 
provide improved engine performance, fuel economy, 
and control of exhaust emissions, the ECM controls 
distributor spark advance (timing) with the Electronic 
Spark Timing (EST) system. 

Only the Electronic Spark Timing (EST) system 
will be described here. Additional information on the 
HEI system is found in Section .. 6D". 

OPERATION 

The standard High Energy Ignition (HEI) system 
(described in Section "6D") has a modified distributor 
module, which is used in connection with EST. The 
module has eight terminals. (See Figure C4-l). 

r.1 DISTRIBUTOR 
L!.J HEI MODULE l!J IGN. COIL TERMINALS 

GJ EST TERMINALS GJ PICK-UP COIL TERMINALS 

3-15-85 
*55 1707-6EA 

Figure C4-1 - Distributor Module 

To properly control ignition/combustion timing, 
the ECM needs to know: 
• Crankshaft position 
• Engine speed (rpm) 
• Engine load (manifold pressure or vacuum) 

CODE 12 • • • • • • • • • • • • • • • • • • • • • • • • . C4-2 
CHECKING EST PERFORMANCE ••••••• ;. (4-2 

ON-CAR SERVICE • • • • • • • • • • • • • • • • • • • • C4-2 
SETTING TIMING • • • • • • • • • • • • • • • • • • C4-2 

PARTS INFORMATION • • • • • • • • • • • • • • • • C4-2 

• Atmospheric (barometric) pressure 
• Engine t.emperature 

The EST system consists of the distributor 
module, ECM, and connecting wires, The distributor 
has four wires, from the HEI module, connected to the 
ECM. 

These circuits perform the following functions: 
• Reference (CKT 430) 

This provides the ECM with rpm and crankshaft 
position information. 

• Distributor Ground (CKT 453) 
This wire is grounded in the distributor and 
makes sure the ground circuit has no voltage drop 
which could affect performance. If it is open, it 
may cause poor performance. 

• Bypass (CKT 424) 
At about 400 rpm, the ECM applies 5 volts to this 
circuit to switch spark timing control from the 
HEI module to the ECM. An open or grounded 
bypass· circuit will set a Code 42 and the engine 
will run at base timing, plus a small amount of 
advance built into the HEI module. 

• EST (CKT 423) 
After bypass voltage is applied, the ECM uses this 
circuit to trigger the HEI module. The ECM uses 
the distributor reference signal to base its 
calculation of the amount of spark advance 
needed, under present engine conditions. If the 
base timing of the engine is incorrect, the entire 
spark curve will be incorrect. 

DIAGNOSIS 

RESULTS OF INCORRECT EST OPERATION 

An open, or ground, in the EST circuit, will set a 
Code 42 and cause the engine to run on the HEI 
module timing. This will cause poor performance and 
poor fuel economy. 

The ECM uses information from the MAP and 
coolant temperature sensors, in addition to rpm, to 
calculate spark advance as follows. 

Low MAP output voltage = More spark advance 
Cold engine = More spark advance 
High MAP output voltage, = Less spark advance 
Hot engine = Less spark advance 
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Therefore, det.onation could be caused by low MAP 
output or high resistance in the coolant temperature 
sensor circuit. 

Poor performance could be caused by high MAP 
output or low resistance in the coolant sensor circuit. 

- ·. 

HOW CODE 42 IS DETERMINED 

When the system is running on the HEI module, 
that is, no voltage on the bypass line, the HEI module 
grounds the EST signal. The ECM expects to see no 
voltage on the EST line during this condition. If it 
sees a voltage, it sets Code 42 and will not go into the 
EST mode. 

When the rpm for EST is reached (about 400 rpm), 
the ECM applies 5 volts to the bypass line and the EST 
should no longer be grounded in the HEI module, so, 
the EST voltage should be varying. 

If the bypass line is open, the HEI module will not 
switch to EST mode, so, the EST voltage will be low 
and Code 42 will be set. 

If the EST line is grounded, the HEI module will 
switch to EST but, because the line is grounded, there 
will be no EST signal and the engine will not run. 

The description, operation, and diagnosis of the 
HEI system are found in Secti'on "6D" of this manual. 
This section will address dia~osis of that portion of 
the ignition system pertaining to the EST operation. 

CODE12 

Code 12· is used during the Diagnostic Circuit 
Check procedure to test the code display ability of the 
ECM. This code indicates that the ECM is not 
receiving the engine rpm (REFERENCE) signal. This 
occurs with the ignition key "ON" and the engine not 
running. 

The "Reference" signal, also, triggers · the fuel 
injection system. Without the "Reference" signal, the 
engine cannot run . 

. ON-CAR SERVICE 

· SETTING TIMING 

Set timing according to instructions on Vehicle 
Emission Control Information label. 

PARTS INFORMATION 

PART NAME GROUP 

Module, Distr ••••••••••••••••••••••• 2.383 
Coil, Distr • • . • • • • • • • • • • • • • • • • • • • • • . ·2. t 70 
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·c-

·+· f- / ILK ~ CONN. 

IGN~ GRY 
CONN. 

. IGNITION COIL TACH 
CONNECTOR • 

DISTRIBUTOR 

GRYCONN. 
7-31-87 

GRY 
CONN. 

DISTRIBUTOR 4 TERM 
CONNECTOR 

.___ ______ 423 WHT 

--------430PPLJWHT 

'------<•~ 424 TAN/BLK 
SETTlMING _..:,, . 

i......;;C~ON_N_E_CT_O_R ____ 
453 

BLK/RED 

ECM 

EST 

REFERENCE 

BY-PASS · 

9-21-87 

•8 S4406-6E 

CHARTC-4 
IGNITION SYSTEM CHECK 

{REMOTE COIIJSEALED MODULE CONNECTOR DISTRIBUTOR) 
5.0L (VIN E) ''F" CARLINE (TBI) 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Two wires are checked, to ensure that an open is 

not present in a spark plug wire. 
1A. If spark occurs with EST connector disconnected, 

pick-up coil output is too low for EST operation. 
2. A spark indicates the problem must be the 

distributor cap or rotor. 
3. Normally, there should be battery voltage at the 

"C" and "+" terminals. Low voltage would 
indicate an open or a high resistance circuit from 
the distributor to the coil or ignition switch. If "C" 
terminal voltage was low, but "+" terminal 
voltage is 10 volts or more, circuit from .. C" 
terminal to Ignition coil or ignition coil primary 
winding is open. 

4. Checks for a shorted module or grounded circuit 
from the ignition coil to the module. The 
distributor module should be turned "OFF", so 
normal voltage should be about 12 volts. 
If the module is turned "ON", the voltage would be 
low, but above 1 volt. This could cause the 
ignition coil to fail from excessive heat. 
With an open ignition coil primary winding, a 
small amount of voltage will leak through the 
module from the "Batt+" to the "tach" terminal. 

5. Applying a voltage (1.5 to 8 volts) to module 
terminal "P" should turn the module "ON" and the 
"tach" terminal voltage should drop to about 7-9 
volts. This test will determine whether the 
module or coil is faulty or if the pick-up coil is not 
generating the proper signal to turn the module 
"'ON". This test can be performed by using a DC 
battery with a rating of 1.5 to 8 volts. The use of 
the test light is mainly to allow the "P" terminal to 
be probed more easily. Some digital multi-meters 
can also be used to trigger the module by selecting 
ohms, usually the diode position. In this position 
the meter may have a voltage across it's terminals 
which can be used to trigger the module. The 
voltage in the ohm's position can be checked by 
using a second meter or by checking the 
manufacture's specification of the tool being used. 

6. This should turn "OFF" the module and cause a 
spark. If no spark occurs, the fault is most likely 
in the ignition coil because most module problems 
would have been found before this point in the 
procedure. A module tester could determine 
which is at fault. · 
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• Perform Diagnostic Circuit Chedt before proceeding with this test. (If a 
tachometer rs connected to the Tach term., disconnect It before 
proceeding with the test). · 

• Check spark at pl~ with spark tester J-26792 or equivalent (ST-125) 
while aanklng (if no spark on one wire, check a second wire) A few 
sparks and then nothing is considered no spark. --

CHART C-4 
IGNITION SYSTEM CHECK 

{REMOTE COIL/ SEALED 
MODULE CONNECTOR 

DISTRIBUTOR) 
5.0L (VIN E) 11F11 CARLINE (TBI) 

Check fuel.spark plugs, etc. 
See section "S- symptoms. TEST LIGHT 

• Chedt for spark at coU wire with tester while <ranking. 
(Leave spark tester connected to coil wire for Steps 3-6). 

TOD.C.~ POWER SUPPLY 
(1.5to8V) 

0 • Disconnect distributor 2 term. •c I+" connector. 
• Ignition switch •on•, E!'9ine stopped. 

Inspect cap for water, cracks, 
etc. If OK, replace rotor. 

• Check volts at " + • and C" term's, of dist. ham. conn. 

Both term's.10 volts or more Both term's. under 10 volts Under 10 volts "C" term. only 

Re~ir wire from module • + " term. 
to a· term. of black lgn. coll 
connector or primary ckt. to ign. sw. 

Check for open or gnd. in ckt. 
from "C" term. to 1gn. coil. If Ckt. 
is OK, fault is. lgn. coll or conn .. 

•Connect test light from tach. term. to ground. 
• Crank engine and observe light. 

• Disconnect distributor 4 term. connector. 
• Remove dist. cap. 
• Disconnect pick-up coil connector from module. 
• Connect voltmeter from tach. term. to ground. 

Repa i_r open tach. lead or 
conn and repeat test #4. 

• Ignition on. 
• Insulate a test light probe to 114• from tip and note voltagel as test light 

is momentarily connected from a voltage source (1.5 to av, to module 
term. "P".(Flg.1). . . . 

• If no module tester (J24642) is available; 
Replace lgn. coil and repeat Step 5. 

lgn. coil removed Is OK, 
reinstall coil and check coil 
wire from dist. cap. If OK, 
replace dist. module. 

System OK 

• If module tester (J24642) 
is available: test modiile 

Check coil wire 
from cap to coil. If 
OK, replace coil. 

l~ht 
bhnks 

Replace module and check for 
spark from coil as In Step 6. 

System 
OK 

No Spark 

Replace ign. coil, 
it too is faulty 

Replace Ignition coll and recheck 
for spark with spark tester. If still 
no spark, re-install original coil 
and replace dist. module .. 

Check pick-ue coil 
or conns. (Cod 
resistance should 
be 500-1500 ohms 
and not rounded). 

Replace pole 
piece and 
s_haftassy. 

7-21-86 
•ss 1444-&EA 
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SECTION CS 
ELECTRONIC SPARK CONTROL (ESC) SYSTEM 

CONTENTS 
GENERAL DESCRIPTION • • • • • • • • • • • • • • • • CS-1 

PURPOSE • • • • • • • • • • • • • • • • • • • • • • • • • CS-1 
OPERATION ••••••••••••••••••••••• CS-1 

DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • • CS-1 
RESULTS OF INCORRECT ESC OPERATION CS-1 

GENERAL DESCRIPTION 

PURPOSE . 

The Electronic Spark Control (ESC) system is 
used to reduce detonation spark knock in the engine. 
This system allows the engine to use maximum spark 
advance to improve driveability and fuel economy and 
compensate for varying octane levels in gasoline. 

OPERATION 

The ESC system has two major components: 
• ESCModule 
• ESC Knock Sensor 

The knock sensor is mounted in the engine block 
near the cylinders. When the ESC knock sensor 
detects abnormal vibration (spark knocking) in the 
engine, it produce a voltage that is received by the 
ESC module. As long as the ESC module sees no 
voltage from the knock sensor (knock not present), it 
sends a signal voltage (8 to 10 volts) to the ECM and 
the ECM provides normal spark advance. 

When the module detects voltage from the knock 
sensor (knock present), it turns "OFF" the signal to 
the ECM and the voltage on CKT 485 goes to O volts. 
The ECM then retards EST to reduce spark knock. 

DIAGNOSIS 

RESULTS OF INCORRECT ESC OPERATION 

Loss of the ESC ·knock sensor signal or loss of • 
ground at ESC module would cause · the signal to the 
ECM to remain high. This condition would cause the 
ECM to control EST, as if no spark knocking were 
happening. No retard would occur, and s,park 
knocking could become. severe under heavy engine 
load conditions. 

Loss of the ESC signal to the ECM would cause the 
ECM to constantly retard EST. This could result in 
sluggish performance and cause a Code 43 to set. 

A "Scan" tool will read knock signal in AID 
counts. When detonation is detected, knock signal 
counts will increment~ as long as knock is present. 
"Scan" 1.ools will indicate knock being present either 
by showing AID counts, or displaying Yes (knock 

ON-CAR SERVICE • • • • • •. • • • • • • • • • • • • • • • CS-1 
ESC KNOCK SENSOR • • • • • • • • • • • • • • • • CS-1 
ESC MODULE •••••••••••••••••••••• CS-1 

PARTS INFORMATION ••••••••••••••••• CS-1 

present), or No (knock not present). If Code 43 is 
present, use that chart to diagnose system. If no code 
is present and ESC system is suspected, use CHART 
C-5. 

ON-CAR SERVICE 

ESC KNOCK SENSOR 

See Figure C5-l. 

a Remove or Disconnect 
1. Negative battery cable. 
2. Raise car. 
3. ESC wiring harness connector from ESC sensor. 
4. ESC knoek>sensor from engine block. 

!-++I Install or Connect 
1. Apply thread sealer, such as soft tape, to the ESC 

sensor threads. ESC sensor into engine block. 
2. ESC wiring harness connector to the ESC knock 

sensor. 
3. Lower car. 
4. Negative battery cable. 

ESCMODULE 

Refer to Figure CS-1. 

a Remove or Disconnect 
1. ,ESC module connector. 
2. Attaching screws. 
3. ESC module. 

EJ Install or Connect 
1, ESC module. 
2. Attaching screws. 
3. ESC module connector. 

PARTS INFORMATION 

PART NAME GROUP 

Sensor, ESC Knock • • • • • • • • • • • • • • • • • 2.383 
Module; Elek Spark Cont •• • • • • • • • • • • • 2.383 
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1/ 

IT] ESCMODULE 

LI] ESC KNOCK SENSOR 854388-6£ 

Figure CS-1 - ESC Module and ESC Knock Sensor 
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1/P 
CONN 

ESC 
MODULE 

486BRN 

496WHT 

•sEE .DIAGNOSTICAIDS• BELOW 

2-12-87 

*FUSE 

439 PNK/BLIC 

485BUC 

ENGINE 
GROUND 

IGN 
ECM 

IGNITION FEED 

SPARK 
RETARD 
SIGNAL 
(ESC) 

6-15-88 
551357-6E 

CHARTC-5 
ELECTRONIC SPARK CONTROL (ESC) SYSTEM CHECK 

(ENGINE KNOCK, POOR PERFORMANCE, OR POOR ECONOMY) 

Circuit Desaiption: 
5.0L (VIN E) "F" CARLINE (TBI) 

Electronic Spark Control (ESC) is accomplished with a module that sends a voltage signal to the ECM. 
When the knock sensor detects engine knock, the voltage from the ESC module to the ECM is shut "OFFn and 
this signals the ECM to retarci'timing, if engine rpm is over about 900. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. If a Code 43 is not set, but a knock signal is 

indicated while running at 1500 rpm, listen for an 
internal engine noise. Under a no load condition, 
there should not be any detonation, and if knock is 
indicated, an internal engine problem may exist. 

2. Usually a knock signal can be generated by tapping 
on the exhaust manifold. This test can also be 
performed at idle. Test number 1 was run at 1500 
rpm, to determine if a constant knock signal was 
present, which would affect engine performance. 

3. This tests whether the knock signal is due to the 
knock sensor, a: basic engine problem, or the ESC 
module. 

4. If the ESC module ground circuit is faulty, the ESC 
module will not function correctly. The test light 
should light indicating the ground circuit is OK. 

5. Contacting CKT 496, with a test light to 12 volts 
should generate a knock signal to determine 
whether the knock sensor is faulty, or the ESC 
module can't recognize a knock signal. 

Diagnostic Aids: 

* = ECM/IGN Fuse 

"Scan" tools have two positions to diagnose the ESC 
system. The knock signal can be monitored to see if 
the knock sensor is detecting a knock condition and it 
the ESC module is functioning, knock signal should 
display "YES", whenever detonation is present. The 
knock retard position on the "Scan" displays the 
amount of spark retard the ECM is commanding. The 
ECM can retard the timing up to 20 degrees. 

If the ESC system checks OK, but detonation is the 
complaint, refer to "Detonation/Spark Knock" in 
Section "B". 
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CHARTC-5 
ELECTRONIC SPARK CONTROL (ESC) SYSTEM CHECK 

(ENGINE KNOCK, POOR PERFORMANCE, OR POOR ECONOMY) 
5.0L (VIN E) 11F" CARLINE (TBI) 

THIS CHART SHOULD BE USED AFTER ALL OTHER CAUSES OF SPARK KNOCK HAVE BEEN CHECKED. I.E., TIMING, EGR, ENGINE 
TEMPERATURE OR EXCESSIVE ENGINE NOISE.ETC. If CODE 43 IS SET, USE THAT CHART FIRST. 

0 • lfACODE43WASSETUSETHATCHARTFIRST. 
THIS CHART ASSUMES CODE 43 IS NOT PRESENT. 

• •sCAN• TOOL SET ON KNOCK SIGNAL 
• ENGINE RUNNING AT ABOUT 1500 RPM. 
• IS THERE A KNOCK SIGNALINDKA TED? 

0 • ENGINE RUNNING AT 1500 RPM. 
• TAP ENGINE BLOCK IN AREA OF KNOCK SENSOR. 
• DOES •SCAN. INDICATE A KNOCK SIGNAL 

WHILE TAPPING ON ENGINE? 

0 • DISCONNECT ESC MODULE. 
• PROBE HARNESS TERMINAL •D• (CKT 486) 

WITH A TESTLIGHT TO 12 V. 

• RECONNECT ESC MODULE. 
• DISCONNECT KNOCK SENSOR. 
• ENGINE IDLING •. 
• MOMENTARILY TOUCH KNOCK SENSOR 

HARNESS (CKT 496) WITH A TEST LIGHT TO 12V. 
• EACH TIME THE TEST LIGHT CONTACTS CKT 496, 

A KNOCK SIGNAL SHOULD BE GENERA TED. 
• IS A KNOCK SIGNAL INDICATED WITH "SCAN•? 

FAULTY CONNECTION AT SENSOR 
OR FAULTY KNOCK SENSOR. 

0 • DISCONNECT KNOCK SENSOR. 
• REPEAT TEST. 
• IS THERE A KNOCK SIGNAL INDICATED? 

CHECK FOR ROUTING Of WIRE FROM 
KNOCK SENSOR TO ESC MODULE FOR 
PICKING UP FALSE KNOCK SIGNALS 
FROM AN ADJACENT WIRE. REROUTE AS 
NECESSARY. If ROUTING IS CORRECT, 
REPLACE ESC MODULE. 

ESC SYSTEM OK. 
REVIEW •DIAGNOSTIC 
AIDS• ON FACING PAGE. 

REPAIR OPEN GROUND OCT 486. 

CKT 496 OPEN, SHORTED TO GROUND, 
FAULTY CONNECTION AT ESC MODULE, 
OR FAUL TY ESC MODULE. 

INTERNAL 
ENGINE KNOCK 
OR FAULTY 
SENSOR. 

7•2B-87 
7S3339-6E 
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SECTION C6 
AIR INJECTION REACTION (A.I.R.) SYSTEM 

CONTENTS 
GENERAL DESCRIPTION • • • • • • • • • • • • • • • C6-1 

PURPOSE • • • • • • • • • • • • • • • • • • • • • • • • • C6-1 
OPERATION • • • • • • • • • • • • • • • • • • • • • • C6-1 
AIR CONTROL VALVE (PEDES) ••••••••• C6-1 
RES UL TS OF INCORRECT OPERATION • • • • Ci-2 

DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • C6-2 
OPERATIONAL CHECKS •••••••••••••• C6-2 

AI.R. Pump • • • • • • • • • • • • • • • • • • • • C6-2 

GENERAL DESCRIPTION 

PURPOSE 

The A.I.R. system helps reduce hydrocarbon (HC), 
carbon monoxide (CO), and oxides of nitrogen (NOJ 
exhaust emissions. It also heats up the catalytic 
converter quickly on engine start-up so conversion of 
exhaust gases can occur sooner. A dual bed converter 
is used. It consists of a three way catalyst (which 
controls all three emissions) in series with a two way 
catalyst (which controls only PIC and CO) both are in 
one housing. A pipe between the two converters 
allows air to be injected into the second (two way) 
converter to increase its efficiency to further control 
HC and CO (Figure CS-1). 

As shown in Figure CS-1, air can be directed to: 
• Atmosphere. 
• Exhaust ports; or 
• Catalytic converter. 

OPERATION 

The system (Figure C6-l) includes: 
• An A.LR. Pump 

The A.I.R. pump is driven by a belt on the front of 
the engine and supplies the air to the system. 
Intake air passes 'through a centrifugal filter fan 
at the front of the pump; where foreign materials 
are separated from the air by centrifugal force. 

• A Control Valve (PEDES) 
The A.LR. control valve directs the flow of air 
from the A.I.R. pump to the atmosphere, exhaust 
ports or catalytic converter. Two electrical 
solenoids control the pressure operated electric 

·· divert/electric switching (PEDES) valves, which 
are in the control valve. The ECM provides the 
ground to complete the circuit and energize the 
solenoids. 

• Check Valves 
The check valves prevent back flow of exhaust 
into the pump in the event of an exhaust backfire 
or pump drive belt failure. 

• Necessary Plumbing 

Hoses and Pipes • • • • • • • • • • • • • • • • • C6-3 
Check Valve • • • • • • • • • • • • • • • • • • • • C6-3 

ON-CAR SERVICE • • • • • • • • • • • • • • • • • • • • C6-3 
A.LR. PUMP • • • • • • • • • • • • • • • • • • • • • • • C6-3 
A.LR. CONTROL VALVE (PEOES) •••••••• C6-3 
A.LR. INJECTION CHECK VALVE •••••••• C6-3 

PARTS INFORMATION • • • • • • • • • • • • • • • • C6-4 

OJ AIRPUMP 

u) AIR TO AIR CONTROL VALVE 

W RELIEF PLUS DIVERT AIR TO ATMOSPHERE 

0 AIR CONTROL VALVE (PEDES) 

QJ AIR TO OXIDIZING CATALYST 

(1] CHECK VALVE 

W OXIDIZING CATALYST 

(]] REDUCING CATALYST 

W AIR TO EXHAUST PORTS 

[ill AIR INJECTION PIPES 
9S5521-6E 

Figure C6-1 -A.1.R. System Operation 

AIR CONTROL VALVE (PEDES} 

Air from the A.I.R. pump enters the body of the 
control valve and builds pressure against the port 
valve. The port solenoid controls the port valve which 
performs a switching operation by directing air flow 
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from the A.I.R. pump to the exhaust ports (solenoid 
energized) or the converter valve (solenoid de
energized). The converter solenoid controls the 
converter valve which directs air to the catalytic 
converter (solenoid energized) or diverts air to the 
atmosphere (solenoid de-energized). 

Air enters the body of the valve from the pump. 
Air pressure builds against the control valve and for: 

• Cold Mode - The port (switch) solenoid is 
energized which in turn opens the port valve 
and allow~ flow to the exhaust ports. . 

• Warm (Normal) Mode - The port (switch) 
solenoid is de-energized and the converter 
(divert) solenoid energized which closes the 
port valve and keeps the converter valve 
seated, thus forcing flow past the converter 
valve and to the catalytic converter. 

• Divert Mode - Both solenoids are de-energized 
which opens the converter valve, allowing air 
to take the path ofleast resistance, i.e., out the 
divert/ relief tube tQ atmosphere. 

CT] TO CONVERTER 

m TO EXHAUST PORTS 

II] RELIEF+ DIVERT AIR 

[TI AIR INLET 

(I]SOLENOID 

4S0506-fiE 

Figure C6-2- A.I.R. Control Valve 

Air is diverted to the atmosphere under the 
following conditions: 
• Rich operation. 
• When the ECM recognizes a problem and sets the 

"Service Engine Soon" light. 
• During deceleration. 
• During high rpm operation wh~n air pressure is 

greater than the setting for the internal relief 
valve. 

RE SUL TS OF INCORRECT OPERATION 

If no air (oxygen) flow enters the exhaust stream 
at the exhaust ports or converter pipe, HC and CO 
emission levels will be too high. 

. Air. flowing to the exhaust ports at all times could 
increase temperature of the catalytic converter. 

Air flowing at all times to the catalytic converter 
· may cause converter overheating during rich 
operation. 

DIAGNOSIS 

The diagnosis of the AIR system is covered in 
CHART C-6 at the end-of this section. 

OPERATIONAL CHECKS 

A.I.R. Pump 

The A.LR. pump is a positive displacement vane 
type which is permanently lubricated and requires no 
periodic maintenance. 

Accelerate engine to approximately 1500 rpm's 
and observe air flow from hose(s). If air flow increases 
as engine ·is accelerated, pump is operating 
satisfactorily. If air flow does not increase or is not 
present, proceed as follows: 

IL•I Inspect 

1. For proper drive belt tension. 
2. For a leaky pressure relief valve. Air may be 

heard leaking with the A.I.R. pump running. 

NOTICE: If the engine or underhood compartment is 
to be cleaned with steam or high-pressure 
detergent, the centrifugal filter fan should 
be masked off to prevent liquids from 
entering the pump. 

rn Important 

The A.LR. system is not completely noiseless. 
Under normal conditions, noise rises in pitch as 
engine speed increases. To determine if excessive 
noise is the fault of the A.LR. pump, operate the 
engine with the pump drive belt removed. If 
excessive noise does not exist with the belt 
removed, proceed as follows: 

IL•! Inspect 
3. For a seized A.LR. pump. . 
4. Hoses, tubes and all connections for leaks and 

proper routing. -
5. For air flow from A.I.R. control valve. 
6. A.LR. pump for proper mounting and bolt torque. 
7. Ifno irregularities exist and the A.LR. pump noise 

is still excessive, remove and replace pump. 

NOTICE: Do Not oil A.I.R. pump as damage may 
result. 
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Hoses and Pipes 

ll..91 Inspect 

1. Hose or pipe for deterioration or holes. 
2. All hoses or pipe connections, and clamp tightness. 
3. Hose or pipe routing. Interference may cause 

wear. 
4. If a leak is suspected on the pressure side of the 

system or if a hose or pipe has been disconnected 
on the pressure side, the connections should be 
checked for leaks with a soapy water solution. 
With the A.l.R. pump running, bubbles will form 
if a leak exists. 

Check Valve 

IL•I Inspect 
1. A check valve should be inspected whenever the 

hose is disconnected form a check valve or 
whenever check vaive failure is suspected. (A 
pump that had become inoperative and had shown 
indications of having exhaust gases in the pump 
would indicate check valye failure). 

2. Blow through the check valve (toward the cylinder 
head) then attempt t.o suctback through the check 
valve. Flow should only be in one 
direction(toward the exhaust manifold). Replace 
valve which does not operate properly. 

ON-CAR SERVICE 

A.I.R. PUMP 

l+-+I Remove or Disconnect 

1. Hold pump pulley from turning by compressing 
drive belt, then loosen pump pulley bolts. 

2. Lift drive tensioner to raised position. 
3. Drive belt and pulley. 
4. Hoses, vacuum, a~d electrical connections from 

A.I.R. control valve. 
5. A.I.R. pump mounting bolts, and pump assembly 

(See Figure C6·3). · 

E3 Install or Connect 

1. Air pump assembly, and tighten mounting bolts. 
2. ~pacer and pump pulley against centrifugal filter 

fan. · 
3. Pump pulley bolts and tighten equally to 13 N·m 

(10 lb. ft). 
4. Check air injection system for proper operation 

(see Chart C-6). 

(J] AIR INJECTION PUMP IT] AIR INJECTION PUMP 
UPPER SOLT PULLEY m AIR INJECTION PUMP m AIR INJECTION PUMP 
LOWER BOLT PULLEY SPACER 

3 AIR INJECTON PUMP (]] BOLT 9S 5514-iE 

Figure C&-3. Air Pump Service 

A.I.R. CONTROL VALVE (PEDES) 

l+-+I Remove or Disconnect 

1. Battery ground cable. 
2. Adapter bolts. 
3. Air outlet hoses from valve. 
4. Splash guard/ cover. 
5. Electrical connectors and hoses to valve. 
6. A.I.R. control valve. 

E3 Install or Connect 

1. A.LR. control valve. 
2. Electrical connectors and hoses to valve. 
3. Splash guard/ cover. 
4. Air outlet hoses to valve. 
5. Battery ground cable. 
6. Check system operation (see CHART C·6). 

A.I.R. INJECTION CHECK VALVE 

E3 Remove or Disconnect 

1. Release clamp and disconnect air hoses from check 
valve. 

2. Unscrew check valve from A.I.R. injection pipe. 
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E3 Install or Connect 

1. Screw check valve ont.o AI.R. injection pipe. 23 
N·m (17 lb. ft.). 

2. Position air hoses on check valve and secure with 
clamp. 

OJ BOLT (1] AIR INJECTION CONTROL 
VALVE PIPE 

[I] AIR INJECTION CONTROL IT] AIR INJECTION CONTROL 
VALVE VALVE SILENCER m AIR INJECTION CONTROL m SCREW 
VALVE COVER 

(I] AIR INJECTON CONTROL 95 551WE 
VALVE ADAPTER GASKET 

Figure C6-4. PEDES Valve Service 

PARTS INFORMATION 

PART NAME GROUP 

Adapter, AIR Inj Cont Viv ............. 
Brace, AIR Inj Pu~p ••••••••••••••••• 
Bracket, AIR Inj Pump ••••••••••••••• 
Gasket, AIR Inj Dvtr Vlv El •••••••••••• 
Harness, AIR Inj Cont Vlv V ac •••••••••• 
Hose, AIR Inj Cont Vlv •••••••••••••••• 
Hose, AIR Inj Cont Vlv Dvtr ••••••••••• 
Hose, Ctltc Conv AIR Inj Chk Vlv ••••••• 
Pipe, AIR Inj Ctltc Conv Chk Vlv •••••••• 
Pipe, Ctltc Conv AIR Inj ••••••••••••••• 
Pulley, AIR Inj Pump ••••••••••••••••• 
Pump, AIR Inj ••••••••••••••••••••• 
Silencer AIR Inj Cont Viv ••••••••••••• 
Support, AIR Inj Pump •••••••••••••••• 
Valve, AIR Inj Cont •••••••••••••••••• 
Valve,AIRlnjEngChk ••••••••••••••• 
Valve, Ctltc Conv AIR 1nj Chk ••••••••• 

IT] AIR INJECTION PIPE - LH 

[TI AIR INJECTON OIECK VALVE 

3.671 
3.655 
3.655 
3.671 
3.675 
3.675 
3.675 
3.675 
3.690 
3.675 
3.650 
3.660 
3.660 
3.660 
3.670 
3.670 
3.670 

3 AIR INJECTION PIPE - RH 9S 5517-iE 

Figure C6-5 - A.I.R. System Check Valve Service 
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SOLENOID CONNECTOR 

• DOD 
A B 

TOAIR 
CLEANER 

A.I.R. CONVERTER SOL A.1.R. PORT SOL I.P. CONNECTOR (FRONT VIEW 

TO 
CATVLITIC 

CONVERTER 

BLACK TO 
EXH. 

ECM 

GRAV 
SOLENOID 

CONNECTORS A B PORTS A B 

ALDL 
CONNECTOR 

----------t WHITE GREEN 

----- 436 BRN 

I.P. F CONNECTOR S-16-88 
551755-&E 6-28-88 

CHARTC-6 
AIR MANAGEMENT CHECK - PEDES VALVE 

(PRESSURE OPERATED ELECTRIC DIVERT/ELECTRIC SWITCHING} 
S.OL (VIN E) 1'F" CARLINE (TBI) 

Circuit Description: 
Air management is controlled by a port valve and a converter valve, each with an ECM controlled electrical 

solenoid. When the solenoid is grounded by the ECM, A.LR. pump pressure will activate the valve and allow 
pump air to be directed as follows: 

Neither solenoid grounded by the ECM -Air pump air diverted to atmosphere. Converter solenoid grounded 
by the ECM -Air pump air to converter. 

Port solenoid grounded by the ECM - Air pump air to exhaust ports. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. This is a system functional check. Air is directed 

to ports during "Open Loop" and all engine start in 
"Open Loop" even on a \Varro engine. Since the air 
to the ports time is very short on some engines, 
prepare to observe port air prior to engine start up. 
On some engines, this can be done by squeezing a 
hose. On others, steel pipes have to be 
disconnected. · 

2. This should normally set a Code 22. When any 
code is set, the ECM opens the ground to the A.LR. 
control valve and allows air to divert. This checks 
for ECM response to a fault. A ground in the 
A.I.R. control valve circuit to the ECM would 
prevent divert action. 

3. This checks for a grounded circuit to the ECM. 
Test light "OFF" is normal and would indicate the 
circuit is not grounded. 

4. Checks for an open in the solenoid control circuits. 
Grounding the diagnostic "test" terminal should 
ground both solenoid circuits. Normally, the test 
light should be "ON" which indicates the problem 
is not in the ECM or wiring but at the solenoid 
connections or A.I.R. control valve itself. 

5. Checks for a grounded port (switching valve) 
solenoid circuit. 
Test light "OFF" would indicate the circuit is 
normal and fault is in the valve. 
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CHARTC-6 
AIR MANAGEMENT CHECK- PEDES VALVE 

(PRESSURE OPERATED ELECTRIC 
DIVERT/ELECTRIC SWITCHING) 

S.OL {VIN E) "F" CARLINE (TBI) 

'1' • •OIAGNOSTIC• TERMINAL UNGROUNDED. 
\:J • START ENGINE. RUNNING AT PART THROTTLE, BELOW 2000 RPM, AIR SHOULD BE 

FELT AT OUTLET TO EXHAUST PORTS DURING "OPEN LOOPu OPERATION (FROM 6 
SECONDS TO 3 MINUTES ON WARM ENGINE DEPENDING ON APPUCA TION) AND 
SWITCH TO CONVERTER WHEN SYSTEM GOES •cLOSED LOOP•. 

® 

PORT THEN DIVERT ONLY 

DISCONNECT TPS 
CONNECTOR AT IDLE 
AND AIR SHOULD 
DIVERTTO 
ATMOSPHERE AFTER A 
FEW SECONDS. 

14' • IGNITION • oN•, ENGINE 
\::.J STOPPED 

NO DIVERT 

• IGNITION .ON•, NO TROUBLE 
ENGINE FOUND. 
STOPPED. CLEAR 

• DISCONNECT MEMORY 
CONVERTER AND REVIEW 
SOLENOID SYMPTOMS 
ELECT. SECTION "B•. 
CONNECTOR 
AND CONNECT 
TESTUGHT 
BETWEEN 
HARNESS 
CONNECTOR 
TERMINALS 

• NOTE LIGHT. 

CH ECK CKT 429 FOR REPLACE 
SHORT TO GROUND. PEDES 
IF NOT GROUNDED, VALVE. 
IT IS A FAUL TY ECM. 

• GROUND •OIAGNOSTIC• 
TERMINAL 

• DISCONNECT CONVERTER 
VALVE SOLENOID 

• CONNECT TEST LIGHT 
BETWEEN HARNESS 
CONNECTOR TERMINALS AND 
NOTE LIGHT. 

• CONNECT FAULT IS 
TEST LIGHT CONVERTER 
BETWEEN VALVE 
CKT 39 SOLENOID, 
AND CONNECTION, 
GROUND. OR VALVE. 

OPENCKT39 OPENINCKT 
429. FAULTY 
ECM 
CONNECTION 
ORECM. 

CONSTANT PORT OR CONVERTER AIR 

fs\ •• IGNITION •ON°, ENGINE STOPPED. 
\.:J "DIAGNOSTIC .. TERMINAL NOT 

GROUNDED. 
• DISCONNECTPORTVALVE 

SOLENOID 
• CONNECTTESTUGHTBETWEEN 

HARNESS CONNECTOR TERMINALS 
AND NOTE LIGHT. 

LIGHT ·OFF-

• GROUND GROUNDED CKT 
•DIAGNOSTIC• 436 OR FAULTY 

TERMINAL ECM. 

• NOTETEST 
LIGHT. 

• CONNECT FAULTY 
TEST LIGHT CONNECTION AT 
BETWEEN PORT SOLENOID 
CKT39 ORFAULTV 
AND PEOES VALVE. 
GROUND. 

LIGHT.ON• 

REPAIR OPEN OPEN CKT 436. 

CKT39 FAULTY 
CONNECTION OR 
ECM. 

SS 1669 
7-31•87 
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SECTION C7 
EXHAUST GAS RECIRCULATION (EGR) SYSTEM 

CONTENTS 

GENERAL DESCRIPTION • • • • • • • • • • • • • • • • C7•1 
PURPOSE ••••• ·••••••••••••••••• • • C7-1 
OPERATION •••••••••••••••••••••• 0-1 
EGR CONTROL • • • • • • • • • • • • • • • • • • • • • 0-1 
NEGATIVE BACKPRESSUREEGR VALVE ••• 0-1 
EGR VALVE IDENTIFICATION •••••••••• 0-2 
RESULTS OF INCORRECT OPERATION • • • • 0-2 

GENERAL DESCRIPTION 

PURPOSE 

The EGR system is used to lower NOx: (oxides of 
nitrogen) emission levels caused by high combustion 
temperatures. It does this by decreasing combustion 
temperature. 

The main element of the system is an EGR valve 
operated by vacuum, and Il\Ounted on the intake 
manifold. 

The EGR valve feeds small amounts of exhaust 
gas back into the combustion chamber as shown in 
Figure C7-1 . 

OPERATION 

The EGR valve is opened by ported manifold 
vacuum regulated by an ECM controlled solenoid to 
let exhaust gas flow into the intake manifold. The 
exhaust gas then moves with the air/fuel mixture into 
the combustion chamber. If too much exhaust gas 
enters, · combustion will not occur. For this reason, 
very little exhaust gas is allowed to pass through the 
valve, especially at idle. The EGR valve is usually 
open during warm engine operation and when the 
vehicle is above idle speed. 

EGRCONTROL 

The EGR vacuum control has a vacuum solenoid 
that uses "pulse width modulation". This means the 
ECM turns the solenoid "ON" and "OFF" many times 
a second and varies the amount of "ON" time ("pulse 
width") to vary the amount of EGR. 

The ECM uses information from the following 
sensoi:s to regulate the EGR solenoid: 

• Coolant Temperature Sensor (CTS) 
• Throttle Position Sensor (TPS) 
• P/NSwitch 

DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • • 0-2 
ON-CAR SERVICE • • • • • • • • • • • • • • • • • • • • • 0-2 

EGR VALVE ••••••••••••••••••••••• C7-2 
EGR Manifold'Passage • • • • • • • • • • • • • • • C7-2 
EGR CONTROL SOLENOID • • • • • • • • • • • • • C7-3 

PARTS INFORMATION ••••••••••••••••• C7-3 

[DEGRVALVE 

[I) EXHAUST GAS 

(!] INTAKE AIR 

[!J EGR VACUUM PORT 

450001-iE 

Figure C7-1 - Exhaust Gas Recim.ilation 

During cold operation and at idle, .the solenoid 
circuit is not grounded by the ECM. This blocks 
vacuum to the EGR valve. 

A system malfunction should trigger a "Service 
Engine Soon" light, and set a Code 32. For more 
information see Code 32. 

NEGATIVE BACKPRESSURE EGR VALVE 

The EGR valve used on this engine is a negative 
backpressure valve. It varies the amount of exhaust 
gas flow into the manifold depending on manifold 
vacuum and .variations in exhaust back.pressure. 

The diaphragm on this EGR valve (shown fn 
Figure C7-2) has an internal vacuum bleed hole which 
is held closed by a small spring when there is no 
exhaust backpressure. The amount of vacuum to the 
valve is controlled by the ECM controlling a solenoid. 

Engine vacuum opens the EGR valve against the 
pressure of a large spring. When ported manifold 
vacuum combines with negative exhaust 
backpressure, the vacuum bleed hole opens and the 
EGR valve closes. 
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O]EGRVALVE 

m EXHAUST GAS 

C!JINTAKEAIR 

(!] VACUUM PORT 

ffio1APHRAGM 

[!) AIR BLEED 
HOLE 

(!] SMALL SPRING 

[iJ LARGE SPRING 

4S0113-6E 

Figure 0-2 • Negative Backpressure EGR Valve 

EGRVALVE IDENTIFICATION 

• Negative backpressure EGR valves will have an 
''N" stamped on the top side of the valve after the 
part number (Figure C7-3). 

• Positive backpressure EGR valves will have a "P" 
stamped on the top side of the valve, after the part 
number. 

• Port EGR valves have no identification stamped 
after the part number. 

When replacing an EGR valve, always check for 
correct part number in the parts catalog or 
supplemental bulletin. 

RESULTS OF INCORRECT OPERATION 

Too much EGR flow (at idle, cruise, or cold 
operation) and may result in any of the following 
conditions: 

Engine stops after cold start. 
Engine stops at idle after deceleration. 
Car surges during cruise. 
Rough idle. 
Too little or no EGR flow allows combustion 

temperatures to get too high during acceleration and 
load conditions. This could cause: 

Spark knock (detonation). 
Engine overheating. 
Emission test failure. 

1 7 0 8 2 1 

~ 
&-,!] 

1. ASSEMBLYPLANTCODE 
2. PART NUMBER 
3. DATE BUILT 
4. LOOK HERE FOR LETIER: 

p = POsmve BACK PRESSURE 
N=NEGATIVE IJ'ACKPRESSURE * 4S0538-6E 
BLANK=PORTEDVALVE 2·2Nl7 

Figure 0-3 - EGR Valve ld~ntification 

DIAGNOSIS 

Diagnosis of the ECM controlled EGR system is 
covered in CHART C-7 at the end of this section. If the 
vehicle has a stored Code 32 see that chart first. 

ON-CAR SERVICE 

EGRVALVE 

E3 Remove or Disconnect 

1. Air cleaner. 
2. EGR valve vacuum hose at valve. 
3. Bolts. 
4. EGR valve from manifold. 

EGR Manifold Passage 

IL'l'I Inspect 
If EGR passages in the inlet manifold indicate 

excessive build-up of deposits, the passages should be 
cleaned. Care should be taken to ensure that all loose 
particles are completely removed to prevent them 
from clogging the EGR valve or from being ingested 
into the engine. 

~ Clean 

1. With a wire wheel, buff the exhaust deposits from 
the mounting surface and around the valve. 

2. Look for exhaust deposits in the valve outlet. 
Remove deposit build-up with a screwdriver. 

3. Clean mounting surfaces of intake manifold and 
valve assembly. 
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E) Install or Connect 

1, EGR valve on intake manifold using new gasket. 

l~I Bolt.sand tighten to 22 N·m (16 lb. ft.). 

2. Vacuum hose to valve. 
3. Air cleaner. 

[JJ EGRVALVE 
[}J GASKET 
[]J BOLTt2) 854417-6E 

Figure C7-4- EGR to Manifold Mounting 

[JJ EGR SOLENOID (I] BOLT 14-20 N-m 
(10-14 FT. LBS.) 

BS4416-6E 

Figure C7-5 - EGR Control Solenoid 

EGR CONTROL SOLENOID 

E3 Remove or Disconnect 

1. Negative battery cable. 
2. Air cleaner assembly. 
3. Electrical connector at solenoid. 
4. Vacuum hoses. 
5. Nut and solenoid. 

E) Install or Connect 
1. Solenoid and bracket. 

l~I Tighten nut to 24 N·m (17 lb. ft.). 

2. Vacuum hoses. 
3. Electrical connector at solenoid. 
4. Air cleaner assembly. 
5. Negative battery cable. 

PARTS INFORMATION 

PARTNAME 
Ve.Ive., EGR •••••••••••••••••••••• 
Solenoid, EGR Cont Viv Rly •••••••••• 
Gasket, EGR Valve ••••••••••••••••• 

GROUP 
3.670 
3.670 
3.680 
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TO 
EGR VALVE 

TO 
IGN 

GAGE 
FUSE 

--- 1 
B A 

TO 
PORTED 

VACUUM 

EGR SOLENOID 
N.C. ECM 

39 
PNK/BLK ------------------ GRV435 

6-28-88 
5-16-88 

7S3555-6£ 

CHARTC-7 
EXHAUST GAS RECIRULATION (EGR) CHECK 

5.0L (VIN E) 11 F" CARLINE · (TBI) 
Circuit Description: 

The ECM operates a solenoid to control the Exhaust Gas Recirculation (EGR) valve. This solenoid is 
normally closed. By providing a ground path, the ECM energizes the solenoid which then allows vacuum to pass 
to the EGR valve. The ECM control of the.EGR is based on the following inputs: 

• Engine coolant temper-ature above 25°C (77°F). 
• TPS off idle 
• MAP 
If Code 24 is stored, use that chart first. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. By grounding the diagnostic .. test" terminal, the 

EGR solenoid should be energized and allow 
vacuum to be applied to the EGR valve and the 
vacuum should hold. 

2. When the diagnostic "test" terminal is 
ungrounded, the vacuum to the EGR valve should 
bleed off through a vent in the EGR solenoid and 
the valve should close. The gage may or may not 
bleed off but this does not indicate a problem. 

3. This test will determine if the electrical control 
part of the system is at fault or if the connector or 
solenoid is at at fault. 

4. This system uses a negative backpressure EGR 
valve which should hold vacuum with engine 
"OFF." 

5. When engine is started, exhaust backpressure 
should cause vacuum to bleed off and valve should 
fully close. 

Diagnostic Aids: 

Vacuum lines should be thoroughly checked for 
internal restrictions. The ECM uses the MAP sensor 
for checking EGR operation. If there is a question of 
MAP sensor accuracy, use CHART C·lD MAP output 
check in Section "C". 

If nof problems are found, refer to "Intermittents" 
in Section "B". 
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CHARTC-7 
BEFORE USING THIS CHART CHECK FOR MANIFOLD VACUUM TO EGR 

EXHAUST GAS RECIRCULATION SOLENOID, THERE SHOULD BE AT LEAST 25 kPa (7• HG) OF VACUUM 
AT 2000 RPM. CHECK VACUUM HOSES FOR LEAKS OR RESTRICTIONS. (EGR) CHECK 

0· DISCONNECT EGR SOLENOID VACUUM HARNESS. 
5.0L (VIN E) UF" CARLINE (TBI) 

• ROTA TE HARNESS AND REINSTALL ONLY THE EGR VALVE SIDE. 

• IGNITION "ON", ENGINE STOPPED • 

• GROUND DIAGNOSTIC TERMINAL 
• INSTALL A HAND HELD VACUUM PUMP WITH GAGE TO MANIFOLD 

SIDE OF EGR SOLENOID. 
• APPLY VACUUM AND OBSERVE EGRVALVE DIAPHRAGM. 
• VALVE SHOULD MOVE. 

DOESITT 
■ 

s ~ 
© • CONNECT VACUUM PUMP TO EGR VALVE 

• UNGROUND DIAGNOSTIC TERMINAL SIDE OF HARNESS. 
• VACUUM SHOULD BLEED OFF AND • APPLY VACUUM AND OBSERVE VALVE. 

VALVE SHOULD Q.OSE. • VALVE SHOULD MOVE. 
DOESITT DOESIT1 

■ -
~ B @ ~ 

~ • IGNITION " OFF" • DISCONNECT 
• CONNECT A VACUUM SOLENOID • FAUL TY VACUUM HOSE 

PUMP TO EGRVALVE. ELECTRICAL TO EGR VALVE OR FAUL TY 

• USING A MIRROR. CONNECTOR. 
VALVE. 

OBSERVE EGR DOES VACUUM 0 DIAPHRAGM WHILE BLEEDOFF1 • DISCONNECT EGR ELECTRICAL CONNECTOR • 

APPLYING VACUUM. • CONNECTTESTUGHTBETWEEN HARNESS 

• DIAPHRAGM SHOULD @ ~ 
CONNECTOR TERMINALS. 

MOVE FREELY AND • IGNITION " ON", ENGINE "OFF". 

HOLD VACUUM FOR AT • TEST LIGHT SHOULD LIGHT. 

LEAST 20 SECONDS. · CKT 435 SHORTED REPLACE I DOES In 

DOESIT1 TO GROUND OR SOLENOID I 
FAULTY ECM. 

~ GJ I 

GiJ s FAULTY CONNECT TEST LIGHT 

SOLENOID BETWEEN tlARNESS TERMINAL 

©· APPLY 34 kPa (10• HG) VACUUM I REPLACE EGR I CONNECTION "A" AND GROUND. 

TO EGR VALVE. · VALVE. OR FAULTY 

• START ENGINE AND IMMEDIATELY SOLENOID. 

OBSERVE VACUUM GAGE ON ■ 

VACUUM PUMP. NO LIGHT I LIGHT I 
• VALVE IS GOOD.IF DIAPHRAGM -

HAS MOVED TO SEATED POSITION REPAIR REPAIR OPEN CICT 435. 
(VALVE Q.OSED) AND VACUUM OPEN IF NOT OPEN, IT IS A 
DROPPED WHILE STARTING CKT39. FAULTYECM. 
ENGINE. 

■ 

I I 

VACUUM DROPPED I NO VACUUM DROP I 
I I 

BE SURE VACUUM HOSE BETWEEN • REMOVE EGR VALVE. 

SOLENOID AND EGR VALVE IS OK. • CHECK PASSAGES 
(NO LEAKS OR RESTRICTIONS) IF FOR BEING PLUGGED. 

NO PROBLEM IS FOUND, THE EGR IF NOT PLUGGED, 
CIRCUIT IS OK. REPLACE VALVE, 

5-5-88 
Q.EAR CODES AND CONFIRM ·a.oSED Loop• OPERATION AND NO · sERVICE ENGINE SOON- LIGHT. 7S 3554-6E 
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SECTION CS 
TORQUE CONVERTER CLUTCH (TCC) SYSTEM 

CONTENTS 
GENERAL DESCRIPTION • • • • • • • • • • • • • • • CS-1 

PURPOSE •••••••••••••••••••••••· Cl-1 
OPERATION • • • • • • • • • • • • • • • • • • • • • • CS-1 
CIRCUIT DESCRIPTION • • • • • • • • • • • • • • • CS-1 

GENERAL DESCRIPTION 

PURPOSE 

The Torque Converter Clutch (TCC) system is 
designed to eliminate power loss by the converter 
(slippage) thus increasing fuel economy. By locking 
the converter clutch, a more effective coupling to the 
flywheel is achieved. The converter clut.ch is operated 
by an ECM controlled solenoid. 

OPERATION 

Engagement of the TCC is accomplished by a 
solenoid operated valve within the transmission. The 
solenoid is activated when an internal switch in the 
ECM is grounded. Although the ECM may command 
the _T~C "ON", the converter clutch will not apply 

· until mternal transmission fluid pressure require
ments are met. See Section "7A". 

Before the ECM activates the TCC apply solenoid 
several inputs must be monitored: ' 

• Vehicle Speed. Must be above a certain value 
before the TCC can be applied. 

• Coolant Temperature. The engine coolant 
temperature must be above a certain value 
before the TCC can be applied. 

• Throttle Position Sensor. After the TCC is 
applied, during low engine load condition, the 
ECM uses the information from the TPS to 
release the clutch when the car is accelerating 
or decelerating at a certain rate. 

CIRCUIT DESCRIPTION 

The 12 volt power supply for the TCC solenoid in 
the transmission is provided through a normally 
closed switch located on the brake pedal linkage. 
When the brake pedal is depressed (switch open), the 
power supply to the TCC solenoid is interrupted and 
the TCC· is disengaged regardless of any other 
conditions. 

RESULTS OF INCORRECT TCC 
OPERATION • • • • • • • • • • • • • • • • • • • • • CS-2 

DIAGNOSIS • • • • • • • • • •. • • • • • • • • • • • • • • • CS-2 
ON.cAR SERVICE • • • • • • • • • • • • • • • • • • • • CB-2 
PARTS INFORMATION • • • • • • • • • • • • • • • • • CB-2 

DJ TCC SOLENOID 

[DCHECKBALL 
[I) CHECK BALL SEAT 

4S0548-6E 

Figure CS-1 - TCC Solenoid 
When the brake pedal is not depressed (switch 

closed), battery voltage .will be fed to the TCC 
solenoid. If the ECM has determined that conditions 
are correct, the circuit from the TCC solenoid will be 
completed to ground through the ECM and the TCC 
solenoid will be activated. 

Some transmission use other internal swit.ches in 
addition to the TCC solenoid. 

• Transmissions norinally use a 4th gear switch 
to send a signal to the ECM telling it when the 
transmission is in 4th gear. The ECM uses 
this information to vary the conditions under 
which the clut.ch applies or releases. However, 
the transmission does not have to be in 4th 
gear in order for the ECM to turn the clutch 
"ON" 



i\:/) 
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RESULTS OF INCORRECTTCC OPERATION 

An engine stall will result if the converter clutch 
remains applied at all times. 

If the converter clutch does not apply, fuel 
economy may be lower than expected. 

The Torque Converter Clutch (TCC) system has 
different operating characteristics than an automatic 
transmission without TCC. If the driver complains of 
a "chuggle" or Nsurge" condition, the car should be 
road tested and compared to a similar car to see if a 
real problem exists. Another TCC complaint may be a 
downshiff felt when going up a grade, especially with 
cruise control. This may not be a downshlft, but a 
clutch disengagement due to the change in TPS to 
maintain cruising speed. The Owner's Manual section 
on TCC operation should be reviewed with the driver. 

DIAGNOSIS 

The diagnosis of the TCC system is covered in 
CHART C-8. If the ECM detects a problem in the 
Vehicle Speed Sensor (VSS) system, a Code 24 should 
set. In this case see Code 24 Chart. 

If the ECM doesn't switch the TCC "ON" when 
driving, but will turn it "ONJ' when the diagnostic 
"test" terminal is grounded with ignition "ON" and 
engine stopped, the sensors such as coolant, speed, and 
throttle position should be checked. 

ON-CAR SERVICE 

• See Section "7" for TCC Solenoid. 
• See Section "SA" for Vehicle Speed Sensor (VSS) 

brake system. 

PARTS INFORMATION 

PART NAME GROUP 

Sensor, VSS • • • • • • • • • • • • • • • • • • • • • • • • • • 9.761 
Solenoid, TCC •••••••••••••••••••••••• 4.122 
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IGN 1 

~-·? 
39 PNK/BLK 

BMKEl SWITCH N.C. 

15-WAYI.P. p 
CONNECTOR i 

420 PPL 

A 

6-28-88 

Circuit Description: 

111 liJ III ffim wJ [e] CaI 
rnJ [CJ ml III CB Im 

I.P. HARNESS CONNECTOR 
15WAY (FRONTVIEW) 

( VEHlaE SPEED SIGNAL 437~RN 

446 LTBLU 

422 TAN/BU< 
TRANSMISSION 

H 15-WAY 
I.P.CONN. 

ALDL CONNECTOR 

CHARTC-8A 
(Page 1 of 2) 

TORQUE CONVERTER CLUTCH (TCC) 
(ELECTRICAL DIAGNOSIS) 

5.0L (VINE) ••F" CARLINE (TBI) 

ECM 

SPEED INPUT 

12V 

* 854435-6E 
6-8-87 

The purpose of the automatic transmission torque converter clutch is to eliminate the power loss of the 
torque converter, when the vehicle is in a cruise condition. This allows the convenience of the automatic 
transmission and the fuel economy of a manual transmission. 

Fused battery ignition is supplied to the TCC solenoid through the brake switch, the ECM will engage TCC 
by grounding CKT 422 to energize the TCC solenoid. 

TCC will engage when: 
Vehicle speed above 24 mph 
Engine at normal operating temperature (above 70°C, 156°F) 
Throttle position sensor output not changing, indicating a steady road speed 
Brake switch closed 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Confirms 12 volt supply as well as continuity of 

TCC circuit. 
2. Grounding the diagnostic "test" terminal with 

engine "OFF", should energize the capability of 
the ECM to control the solenoid. 

3. TCC solenoid coil resistance must measure more 
than 20 ohms. Less resistance will cause early 
failure of the ECM "Driver". Using an ohmmeter, 
check the solenoid coil resistance of all ECM 

controlled solenoids and relays before installing a 
replacement ECM. Replace any solenoid or relay that 
measures less than 20 ohms. 

Diagnostic Aids: 

An engine coolant thermostat that is stuck open or 
opens at too low a temperature, may result in an 
inoperative TCC. 
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• USING A •SCAN. TOOL CHECK THE 
FOUOWING AND CORRECT IF NECESSARY. 

• COOLANT TEMPERATURE SHOULD BE 
ABOVE 70"C (156°F). 

• TPS • BE SURE TPS SIGNAL IS NOT ERRATIC. 
• VSS • BE SURE •sCAN• DISPLAYS VSS WITH 

DRIVE WHEELS TURNING. IF CODE 2415 
PRESENT, SEE CODE CHART 24. 

CHARTC-SA· 
(Page 1 of 2) 

TORQUE CONVERTER CLUTCH (TCC) 
(ELECTRICAL DIAGNOSIS) 

5.0L IN E ••F" CARLINE TBI 

• MECHANICAL CHECKS, SUCH AS LINKAGE, Oil LEVEL. ETC. SHOULD BE 
PERfOIIIIIED PRIOR TO USING THIS CHART. 

• IGNfflON •oN•. 
• CONNECT TEST LIGHT TO ALDL CONNECTOR TERMINAL •F• AND GROUND. 
• BULB SHOULD "LIGHT •• 

DOESIT? 

• DEPRESS BRAKE PEDAL 
• LIGHT SHOULD GO OUT. 

DOESITI 

2 • IGNITION •oN•, ENGINE 
·oFF ... 

• RELEASE BRAKE PEDAL. 
• GROUND DIAGNOSTIC 

TERMINAL 
• LIGHT SHOULD GO OUT. 

DOESIT? 

BRAKE SWITCH OUT 
Of ADJUSTMENT 
ORFAULTY,ORCKT 
422 SHORTED TO 
VOLTAGE. 

r- -----------, 
1 TCC ORaJIT OK. BE 1 

: SURE VEHIO.E IS : 
1 EQUIPPEDWITHTHE 1 

: CORRECT PROM. TO : 
1 CHECK 4TH GEAR 1 

: SWITCH, SEE Cl-tART : 
t C-8 (2 OF 2). 1 

0 • DISCONNECT ECM 
CONNECTOR. 

L--------------' 

• JUMPER CKT 422 
TO GROUND. 

• NOTE LIGHT. 

REPAIR REPLACE 
OPEN ECM. 
CKT422. 

• DISCONNECT TCC ELECTRICAL CONNECTOR. 
• CONNECT TEST LIGHT BETWEEN TERMINAL "A & o•. 
• BULB SHOULD NOT •LIGHT •• 

DOESITI -

• CONNECT TEST LIGHT 
FROM TERMINAL• A" TO 
GROUND. 

• BULB SHOULD ·LIGHT.· 
DOES IT7 

• GROUND ALDL 
TERMINAL •F•. 

• WITH TEST LIGHT 
CONNECTED 
BETWEEN TRANS. 
CONNECTOR 
TERMINALS "A & o•. 

• THE BULB SHOULD 
"LIGHT. · 
DOES IT? 

FAULTYTCC 
CONNECTION OR 
TCC SOLENOID. 

• DISCONNECT ECM 
CONNECTOR. 

• NOTE LIGHT. 

OPEN IN CKT 39, 
TCCBRAKE 
SWITCH CRCUIT, 
OR ADJUST 
SWITCH. 

REPAIR OPEN 
CIRCUIT 
BETWEEN TRANS. 
&ALDL 
TERMINAL •F.• 

REPLACE 
ECM. 

5-25-88 
8S4568-6E 
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IGN1 

~Q? 
39 PNK/BLK 

SWITCH N.C. -·j 
15-WAYLP. p 

C0NNEO0R T 
420PPL 

A 

rec 
APPLY 

0LlN0ID 

6-28-88 

Circuit Description: 

< 

[l] Ii] [!J ffiii1 Iii) [fil I]) 

IIJ lCl IDHEI CB 8i1 

LP. HARNESS C0NNEO0R 
1SWAY (FR0NTVIEW) 

" VEHIO.E SPEED SIGNAL 437BRN 

446 LTBLU 

422 TAN/BLK 
TRANSMISSION 

H 15-WAY 
I.P.C0NN. 

ALOL CONNECTOR 

CHARTC-8A 
(Page 2 of 2) 

700-4R TRANSMISSION 
(ELECTRICAL DIAGNOSIS) 

S.OL (VIN E) •F" CARLINE (TBI) 

ECM 

SPEED INPUT 

12V 

._. 8S4435-6E 
6-8-87 

A 4th gear switch (mounted in the transmission) opens when the transmission shifts into 4th gear, and this 
switch is used by the ECM to modify TCC lock and unlock points, when in a 4-3 downshift maneuver. 

Test Description: Numbe~ below refer to circled 
numbers on the diagnostic chart. 
1. Unless the switch or CKT 446 is open the "Scan" 

should display "NO", indicating the transmission 
is not in 4th gear. The 4th gear switch should only 
be open while in 4th gear. 

2. This step determines if the ECM and wiring are 
OK. Grounding CKT 446 should cause the "Scan" 
to display "NO", indicating the transmission is not 
in 4th gear. 

· 3. Checks the operation of the 4th gear switch. 
When the transmission shifts into 4th gear the 
switch should open and the "Scan" should display 
"YES". 

4. Disconnecting the TCC connector simulates an 
open switch to determine if CKT 446 is shorted to 
ground or the problem is in the transmission. 

Diagnostic Aids: 

A road test may be necessary to verify the 
customer complaint. If the .. Scan" indicates TCC is 
turning "ON" and "OFF" erratically, check the state 
of the 4th gear switch to be sure it is not changing 
states under a steady throttle position. If the switch is 
changing states, check connections and wire routin@ 
carefully. Also if the 4th gear switch is always open 
the TCC may engage as soon as sufficient oil pressure 
is reached. 
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CHECKS MADE ON THIS PAGE WILL NOT 
PREVENT THE rec FROM WORKING. BUT 
WILL AFFECT ENGAGEMENT OR 
DISENGAGEMENT POINTS. 

0 • IGNmON "ON",ENGINE "OFF•. 
• DOES "SCAN• INDICATE TRANS. IS IN 4TH GEAR7 

CHARTC-8A 
(Page 2 of 2) 

700-4R TRANSMISSION 
(ELECTRICAL DIAGNOSIS) 

5.0L VIN E "F" CARLINE TBI 

© • RAISE DRIVE WHEELS 
• SHIFT VEHIQ.E INTO OVERDRIVE 

0 • DISCONNECT TCC ELECTRICAL CONNECTOR. 
• JUMPER HARNESS TERMINAL •r (CICT 446) TO 

GROUND. • INOIEASE SPEED SLOWLY UNTIL TRANS. SHIFTS 
INTO 4TH GEAR. 

• DOES "SCAN• INDlcA'tE TRANS. IS IN 4TH GEAR? 

4TH GEAR SWITCH 
OK. REFERTO 
•01AGNOSTIC AIDS" 
ON FAONG PAGE. 

IGNITION "ON• ENGINE 
•oFF• 

• DISCONNECTTRANS. 
ELECTRICAL CONNECTOR 

• DOES •sCAN" INDICATE 
TRANS. IS IN 4TH GEAR? 

WIRE GROUNDED 
INTERNALLY IN TRANS. OR 
FAUL TY 4TH GEAR SWITCH. 

• DOES "SCAN• INDICATE TRANS. IS IN 4TH GEAR? 

OPEN CICT 446, 
FAULTY CONNECTION 
OR FAUL TY ECM. 

4-13-87 
753685-6E 
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rn ~ (CJ !Ml rn:I [e] 

m:I IB ffiJ rn CTI 
IGN 

1.P. HARNESS CONNECTOR 
15 WAY. (FRONT VIEW) J r.e.ar.ee 1Nff::£NT 

C: ,. PNKIBL« ~J®-1 (~--....... (~41K'------ TAN/BLK 456 

6-28-88 

Circuit Description: 

L ______ J 15-WAY 
I.P.C.ONN. 

CHARTC-88 
MANUAL TRANSMISSION (MIT) 

SHIFT LIGHT CHECK 
5.0L (VINE) ''F" CARLINE (TBI) 

ECM 

-----"• 
SHIFT 1 
LIGHT 

CONTROL 

"8S4430-6E 
5-13-87 

The shift light indicates the best transmission shift. point for maximum fuel economy. The shift .light is 
controlled by the ECM and is turned "ON" by grounding CKT 456. 

The ECM uses information ftom the following inputs to control the shift light: 
• Coolant temperature 
• TPS 
• vss 
• RPM 
The ECM uses the measured rpm and the vehicle speed to calculate what gear the vehicle is in. It is this 

calculation that determines when the shift light should be turned "ON." 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. This should not turn "ON" the shift light. If the 

light is "ON", there is a short to ground in CKT 
456 wiring, or a fault in the ECM. 

2. When the diagnostic "test" terminal is grounded, 
the ECM should ground CKT 456, and the shift 
light should come "ON." 

3. This checks the shift light circuit up to the ECM 
connector. If the shift light illuminates, then the 
ECM connector is faulty, or the ECM does not 
have the ability to ground the circuit. · 



0 • IGNITION ·oN·. ENGINE ·off·. 
• OBSERVE SHIFT LIGHT. 

I 
I 

UGHT·oFF· I 

0 
I 

GROUND ALDL DIAGNOSTIC 
TERMINAL AND OBSERVE 
SHIFT LIGHT. 

■ 

UGHT-oFF· I 

0 • IGNITION ·oFr. 

• DISCONNECT ECM CONNECTORS. 
• IGNITION •oN•. 

• JUMPER CKT 456 TO GROUND 
AND OBSERVE SHIFT LIGHT. 

LIGHT-oFF. I 

OPEN IGNmON CKT 39. 

OPEN CKT 456. OR 

FAUL TY BULB. 

DRIVEABIUTY AND EMISSIONS 5.0L -(VIN E) 6E2-C8-9 

■ 

LJGHY-oN· I 
I 

CHECICFOR: 

- CODE 24, (NO VSS). 

CHARTC-8B 
MANUAL TRANSMISSION (Mm 

SHIFT LIGHT CHECK 
5.0L (VINE) Ufff CARLINE (TBI) 

I 

UGHT"ON· I 
I 

• IGNITION •oFF• 

• DISCONNECT ECM CONNECTORS. 

• TURN IGNITION "ON• AND 

OBSERVE SHIFT LIGHT. 
■ 

• • 
LIGHr-oN· I I UGHT .OFF- I 
I I 

REPAIR SHORT TO I REPLACE ECM. I 
GROUND IN OCT 456. 

- THERMOSTATFAULTY OR HAS 

INCORRECT HEAT RANGE. 

IF OK. REVIEW SYMPTOMS IN 
SECTION•a-. 

I 

uGHT"oN· I 
I 

POOR CONNECTION AT 

ECMORFAULTY ECM . 

9-23-87 
6S2736-6£ 
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SECTIONC13 
POSITIVE CRANKCASE VENTILATION (PCV) 

CONTENTS 

GENERAL DESCRIPTION • • • • • • • • • • • • • • • C13-1 
DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • C13-1 

RESULTSOFINCORRECTOPERATION ••• C13-1 

GENERAL DESCRIPTION 

A Positive Crank.case Ventilation (PCV) system is 
used to consume crankcase vapors in the combustion 
process instead of venting to atmosphere. · Fresh air 
from the air cleaner is supplied to the crankcase, 
mixed with blow-by gases and then passed through a 
Positive Crankcase Ventilation (PCV) valve into the 
intake manifold (Figure Cl3-2). 

The primary control is through the PCV valve 
which meters the flow at a rate depending on manifold 
vacuum. 

O]CHECK VALVE 
4S 0068-oE 

Figure C13-1 - PCV Valve Cross Section 

To maintain idle quality, the PCV valve restricts 
the flow when intak~ manifold vacuum is high. If 
abnormal operating conditions arise, the system is 
designed to allow excessive amounts of blow-by gases 
to back flow through the crankcase vent tube into the 
air cleaner to be consumed by normal combustion. 
• A leaking valve or hose would cause: 

• .Rough idle. 
• Stalling. 
• High idle speed. 

DIAGNOSIS 

If an engine is idling rough, cheek for a clogged 
PCV valve or plugged hose. Replace as required. Use 
the following procedure: 

1. Remove PCV valve from rocker arm cover. 
2. Run the engine at idle. 

ON-CAR.SERVICE ••••••••••••• •... • • • Ct 3-2 
PARTS INFORMATION ••••••••••••••••• C13-2 

~~ 
'~--;p 

\~ ,, 

J,J . 
~ ~ 

c=:> CLEAN AIR . 

~ VOLATILE OIL FUMES 

---- MIXTURE OF AIR AND FUMES 

OJ PCVVALVE 

CT] TO THROTTLE BODY 

(]] CRANKCASE VENT HOSE m PCVVALVE HOSE m TO INTAKE MANIFOLD 

Figure C13-2 - PCV-Flow 

5S 1725·6E 

3. Place your thumb over end of valve to check 
for vacuum. If there is no vacuum at v.alve, 
check for plugged hoses or manifold port, or 
PCV valve. Replace plugged or deteriorated 
hoses. 

4. Turn .. OFF" the engine and remove PCV 
valve. Shake valve and listen for the rattle of 
check needle inside the valve. lf valve does 
not rattle, replace valve. 
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With this system, any blow-by in excess of the 
system capacity (from a badly-worn engine, sustained 
heavy load, etc.) is exhausted into the air cleaner and 
is drawn into the engine. 

Proper operation of the PCV System is dependent 
upon a sealed engine. If oil sludging or dilution is 
noted, and the PCV System is functioning properly, 
check engine for possible cause and correct to ensure 
that system will function as intended. 

Results of Incorrect PCV Operation 

• A plugged valve or hose may cause: 
• Rough idle. 
• Stalling or slow idle speed. 
• Oil leaks. 
• Oil in air cleaner. 
• Sludge in engine. 

ON-CAR SERVICE 

An engine which is operated without any 
crankcase ventilation can be damaged. Therefore, it is 
important to replace the PCV valve and air cleaner 
breather at intervals shown in Section "OB". 

Periodically, inspect the hoses and clamps and 
replace any showing signs of deterioration. 

PARTS INFORMATION 

PART NAME GROUP 

Air Cleaner • • • • • • • • • • • • • • • • • • • • • • • • • 3.402 
Valve Asm, C/Case Vent • • • • • • • • • • • • • • • • 1. 745 
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SECTION C14 
THERMOSTATIC AIR CLEANER (THERMAC) 

CONTENTS 

GENERAL DESCRIPTION ••••••••••••••• C14-1 
PURPOSE •••• • ••••••••••••••••••• C14-1 
OPERATION • • • • • • • • • • • • • • • • • • • • • • C14-1 

DIAGNOSIS •••••••••••••••••••••••• C14-1 
RESULT OF INCORRECTTHERMAC 

OPERATION • • • • • • • • • • • • • • • • • • • • C14-1 
THERMACAIR CLEANER CHECK •••••••• C14-1 

GENERAL DESCRIPTION 

PURPOSE 

A heated intake air system is used to give good 
driveability under varying climatic conditions. By 
having a uniform inlet air temperature, the fuel 
system can be calibrated to reduce exhaust emissions 
and to eliminate throttle valve icing. 

OPERATION 

The THERMAC air cleaner operates by heated air 
and manifold vacuum (Figure C14-l). Air can enter 
the air cleaner from outside the engine compartment 
or from a heat stove built around the exhaust 
manifold. A vacuum diaphram motor, built into the 
air cleaner snorkel, moves a damper door, to admit hot 
air from the exhaust manifold, outside air, or a 
combination of both. Inside the air cleaner is a 
temperature sensor that reacts to air intake 
temperature and controls the amount of vacuum going 
to the motor. 
• Hot Air Delivery Mode. When the temperature is 

below 30°C (86°F), the sensor allows vacuum to the 
motor and the damper door will shuting "OFF" 
outside air and allowing only heated air from the 
exhaust manifold to enter the air cleaner. 

• Outside Air Delivery Mode. When the 
temperature is above 5~°C (131°F), the damper 
door drops down and only outside air enters the air 
cleaner. 

• Regulating Mode. Between 30°C (86°F) and 55°C 
(131 °F) the damper door allows both heated and 
·outside air to enter the air cleaner. 

DIAGNOSIS 

RESULTS OF INCORRECT 
TH ERMAC OPERAITON 

Hesitation during warm-up can be caused by: 
• Heat stove tube disconnected. 
• Vacuum diaphram motor inoperative (open to 

snorkel). 

VACUUM DIAPHRAGM MOTOR CHECK ••• C14-2 
TEMPERATURE SENSOR CHECK •••••••• C14-2 . 

ON CAR SERVICE • • • • • • • • • • • • • • • • • • • • C14-3 
AIR CLEANER ELEMENT •••••••••••••• C14-3 
VACUUM DIAPHRAGM MOTOR • • • • • • • • C14-3 
TEMPERATURE SENSOR ••••••••••••• (14-3 

PARTS INFORMATION • • • • • • • • • • • • • • • • • C14-3 

[I] VACUUM DIAPHRAGM 
MOTOR 

m TEMPERATURE SENSOR 

III VACUUM HOSE (TO 
MANIFOLD VACUUM) 

m HEAT STOVE DUCT 

III SNORKEL 

[]] LINKAGE 

II] AIR BLEED VALVE 

III AIR CLEANER ASM. 

9 DAMPER DOOR 45 0648-6E 

Figure C14-1 -THERMACAir Cleaner- Typical 

• No manifold vacuum. 
• Damper door does not move. 
• Missing air cleaner to carburetor seal. 
• Missing air cleaner cover seal or loose cover. 
• Loose air cleaner. 

Lack of power, sluggish, spongy or detonation on a hot 
engine can be caused by: 

• Damper door does not open to outside air. 
• Temperature sensor doesn't bleed off vacuum. 

THERMAC AIR CLEANER CHECK 

l. Inspect system to be sure all hoses and heat stove 
tube are connected. Check for kinked, plugged or 
deteriorated hoses. 
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A 

B 

C 

OJ VACUUM DIAPHRAGM MOTOR 

CD DIAPHRAGM SPRING 

[!J TEMPERATURE SENSOR 

j 4AI AIR BLEED VALVE-CLOSED 

I 4B[ AIR BLEED VALVE-
PARTIALLY OPEN 

j 4C I AIR BLEED VALVE-OPEN 

(]] VACUUM HOSES 

(1] DIAPHRAGM 

[LJ HEATSTOVE 

[iJ HOT AiR (EXHAUST MANIFOLD) 

[iJ DAMPER DOOR 

@ OUTSIDE INLET AIR 

(ill SNORKEL 

A - HOT AIR DELIVERY MODE 
B - REGULATING MODE 
C -OUTSIDE AIR DELIVERY MODE 

4S 0073-6E 

Figure C14-2 • Thermac Operation 

2. Check for presence and condition of air cleaner to 
carburetor gasket seal. 

3. With air cleaner assembly installed, damper door 
should be open to outside air, with engine "OFF". 

4. Start engine. Watch damper door in air cleaner 
snorkel. When engine is first started, damper door 
should move and close off outside air in. 
As temperature in air cleaner warms up, damper 
door should open slowly to outside air. 

5. If the air cleaner fails to operate as described 
above, perform vacuum diaphragm motor check. 
If it operates. the door may not be moving at the 
right temperature. llf the driveability problem is 
during warm-up, perform the temperature sensor 
check. 

VACUUM DIAPHRAGM MOTOR CHECK 

1. With engine "OFF", disconnect vacuum hose at 
vacuum diaphragm motor. 

2. Apply at least 23 kPa (7" Hg.) of vacuum to the 
vacuum diaphragm motor. Damper door should 
close and completely block off to outside air when 
vacuum is applied. If not, check to see if linkage is 
hooked up correctly. 

3. With vacuum still applied, trap vacuum in 
vacuum diaphragm motor by bending hose. 
Damper door should remain closed. If not, replace 

vacuum diaphragm motor assembly. (Failure of 
the vacuum diaphragm motor assembly is more 
likely to be caused from binding linkage or a 
corroded snorkel than from a failed diaphragm. 
This should be checked· first, before replacing the 
diaphragm.) 

4. If vacuum motor checks OK, check vacuum hoses 
and connections. If OK, replace the temperature 
sensor. 

TEMPERATURE SENSOR CHECK 

1. Start test with air cleaner temperature below 30°C 
(86°F). If engine has been run recently, remove air 
cleaner cover and place thermometer as close as 
possible to the sensor. Let air cleaner cool until 
thermometer reads below 30°C (86°F) about 5 to 10 
minutes . Reinstall air cleaner on engine and 
continue to Step 2. . 

2. Start and idle engine. Damper door should move 
to close off outside air immediately if engine is cool 
enough. When damper door starts to open the 
snorkel passage (in a few minutes), remove air 
cleaner cover and read thermometer. It must read 
about 55°C (131°F). 

3. If the damper door is not open to outside · air at 
temperature indicated, temperature sensor is 
malfunctioning and must be replaced. 
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ON-CAR SERVICE 

AIR CLEANER ELEMENT 

l+-+I Remove or Disconnect 
1. Air cleaner cover. 
2. Old element. 

E3 Install or Connect 
l. New element. 
2. Air cleaner cover. Do not over-torque nuts (install 

finger- tight). 

VACUUM DIAPHRAGM MOTOR 

1+ .. I Remove or Disconnect 
1. Air cleaner assembly. 
2. Vacuum hose from motor. 
3. Drill out the two spot welds initially with a 1.6 

mm (1/16") drill, then enlarge as required to 
remove the retaining strap. Do not damage the 
snorkel tube. 

4. Motor retaining strap. 
5. Lift up motor, cocking it to one side to unhook the 

motor linkage at the conttol damper assembly. 

OJ SPOTWELDS 

[1) MOTORASM. 

[I) RETAINING STRAP 

,, ./ . 
• . I • 

( ' --' . . : 

. \ .. ti ,: .. 

I. 
=--

0 INSTALL REPLACEMENT SENSOR ASM. 
IN SAME POSITION AS ORIGINAL ASM. 4S 0649-6 

Figure C14-3 - Replacing THERMAC Vacuum Motor 

E3 Install or Connect 
1. Drill a 2.8mm (7/64") hole in snorkel tube at 

center of vacuum motor retaining strap. 
2. Vacuum motor linkage into control damper 

assembly. 

3. Use the motor retaining strap and sheet metal 
screw provided in the .motor service package to 
secure motor to the snorkel tube. Make sure the 
screw does not interfere with the operation of the 
damper assembly. Shorten screw if required. 

4. Vacuum hose to motor and install air cleaner. 

TEMPERATURE SENSOR 

E3 Remove or Disconnect 
1. Air cleaner assembly. 
2. Hoses at temperature sensor. 
3. Pry up tabs on temperature sensor retaining clip. 

Remove clip and temperature sensor from air 
cleaner. ~ote position of temperature sensor for 
installation. 

~ ... 

• I 

f, .~. : !,1 
[I] SENSOR RETAINING CLIP 4S0650-6E 

Figure C14-4 • Replacing THERMAC Sensor 

E3 Install or Connect 
1. Temperature sensor and gasket assembly m 

original position. 
2. Retainer clip on hose connectors. 
3. Vacuum hoses and air cleaner on engine. 

PARTS INFORMATION 

PART NAME GROUP 

Sensor, NC • • • • • • • • • • • • • • • • • • • • • • • • • • 3.415 
Motor, A/CVac Diaph ••••••••••••••••••• 3.415 
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DRIVEABIUTY AND EMISSIONS 2.SL (VIN S). 5.0L (VIN F) & 5.7L (VIN 8) 6E3-3. 

ALL NEW GENERAL MOTORS VEHICLES ARE CERTIFIED BY THE UNITED STATES 
ENVIRONMENTAL PROTECTION AGENCY AS CONFORMING TO THE REQUIREMENTS OF THE 
REGULATIONS FOR THE CONTROL OF AIR POLLUTION FROM NEW MOTOR VEHICLES. THIS· 
CERTIFICATION IS CONTINGENT ON CERTAIN ADJUSTMENTS BEING SET TO FACTORY 
STANDARDS. IN MOST CASES, THESE ADJUSTMENT POINTS EITHER HAVE BEEN 
PERMANENTLY SEALED AND/OR MADE INACCESSIBLE, TO PREVENT INDISCRIMINATE OR 
ROUTINE ADJUSTMENT IN THE FIELD. FOR THIS REASON, THE FACTORY PROCEDURE FOR 
TEMPORARILY REMOVING PLUGS, CAPS, ETC., FOR PURPOSES OF SERVICING THE PRODUCT, 
MUST BE STRICTLY FOLLOWED AND, WHEREVER PRACTICABLE, RETURNED TO THE 
ORIGINAL INTENT OF THE DESIGN. . 

INTRODUCTION 

GENERAL DESCRIPTION 

This section applies to engines with "Port Fuel 
Injection" (PFD fuel delivery systems. PFI engines 
have a fuel injector in the intake manifold near the 
intake valve for each cylinder. 

PFI engines have controls that reduce exhaust 
emissions, and maintain good driveability and fuel 
economy. 

The engine control modute (ECM) is the heart of 
this control system. A network of sensors provides the 
ECM with information about engine operation and the 
various systems it controls. Details of basic operation, 
diagnosis, functional checks, and on-vehicle service 
are covered in Section .. C", component systems. 

The ECM has the ability to do some diagnosis of 
itself, as well as other parts of the system. When the 
ECM finds a problem, it lights a "Service Engine 
Soon" light on the instrument panel and a trouble code 
is stored in the ECM memory. The "Service Engine 
Soon" light does not indicate that the engine should be 
stopped right away, but that the vehicle should be 
checked as soon as reasonably possible. 

DIAGNOSIS PROCEDURE 

The following sections are written for specific 
engine applications and are clearly indentified. Be 
sure to use only the section which applies to the 
engine family being diagnosed. 

Before using this section of the manual, you 
should be familiar with the information and the 
proper diagnosing procedures that are described in 
Section "6E". If the proper diagnosis procedures are 
not followed, as described in Section "6E", it may 
result in unnecessary replacement of good parts. 

Trouble tree charts incorporate diagnosis 
procedures using an ALDL "Scan" tool whenever 
possible. Using a "Scan" tool saves time in diagnosis 
and prevents the replacement of good parts. 

The key to using a "Scan" tool successfully for 
diagnosis lies in the technician's ability to 
understand the system he is trying to diagnose, as 
well as having an understanding of the "Scan" 
tool's limitations. See Section "GE" for more 
information. 
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SECTION A 
2.SL ENGINE 

DIAGNOSTIC CIRCUIT CH ECK 

The .. Diagnostic Circuit Check" verifies the 
system is functioning correctly. Some special 
considerations to keep in mind while making the 
"Diagnostic Circuit Check" are: 

Blocking Drive Wheels 

The vehicle drive wheels should always be blocked 
while checking the system. 

Cold Oxygen Sensor 

On some engines, the oxygen sensor will cool off 
after only a short period of operation at idle. This will 
put the system into "Open Loop". To restore "Closed 
Loop" operation, run the engine at part throttle 
several minutes and accelerate from idle to part 
throttle a few times. 

Basic Procedure 

H you have not reviewed the basic information on 
how to use the diagnostic procedures, go to the 
introduction of this section. 

SECTION A 

ENGINE COMP.ONENTS / WIRING DIAGRAMS/ DIAGNOSTIC CHARTS 
Component Locations •••••••••••• , • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-2 
Wiring Diagrams (1 of 3) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-3,4,5 
ECM Connector Terminal End View • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-6 
Diagnostic Circuit Check • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-8 
No UService Engine Soon" Light-ChartA-1 •••••••••••••••••••••••••••••••••••••••• PageA-10 
No ALDLor Won't Flash Code 12 - "Service Engine Soon• Light "On" Steady - ChartA-2 •••••• Page A-12 
Engine Cranks But Won't Run - Chart A-3 (1 of 2) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-14 
Fuel System Diagnosis- ChartA-7 (1 of 2) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-18 
Cold Start Valve - Chart A-9 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-22 
Code 13 Oxygen Sensor Circuit (Open Circuit) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-24 
Code 14 Coolant Temperature Sensor Circuit (High Temp. Indicated) • • • • • • • • • • • • • • • • • • • • • Page A•26 
Code 15 Coolant Temperature Sensor Circuit {Low Temp. Indicated) • • • • • • • • • • • • • • • • • • • • • Page A•28 
Code 21 Throttle Position Sensor (TPS) Circuit (Signal Voltage High) • • • • • • • • • • • • • • • • • • • • • • Page A-30 
Code 22 Throttle Position Sensor (TPS) Circuit (Signal Voltage Low) •••••••••••••••••••••• -Page A-32 
Code 23 Manifold Air Temperature (MA n Sensor Circuit {Low Temp. Indicated) • • • • • • • • • • • • Page A-34 
Code 24 Vehicle Spee_d Sensor (VSS) Circuit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A•36 
Code 25 Manifold Air Temperature {MAT) Sensor Circuit {High Temp. Indicated) •••••••••••• Page A-38 
Code 32 Exhaust Gas Recirculation (EGR) Circuit ••••••••••••••••••••••• ~............ Page A-40 
Code 33 Mass Air Flow (MAF) Sensor Circuit (GM/SEC High) •••••••••••••••••••••••••••• Page A-42 
Code 34 Mass Air Flow (MAF) Sensor Circuit (GM/SEC Low) •••••••••••••••••••••••••••• Page A-44 
Code 41 Cylinder Select Error (Faulty or Incorrect Mem-Cal) • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-46 
Code 42 Electronic Spark Timing (ESTI Circuit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-48 
Code 44 Oxygen Sensor Circuit (Lean· Exhaust Indicated) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-50 
Code 45 Oxygen Sensor Circuit (Rich Exhaust Indicated) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-52 
Code 54 Fuel Pump Circuit (Low Voltage) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-54 
Code 51 PROM Error (Faulty or Incorrect PROM) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-56 
Code 52 CALPAK Error (Faulty or Incorrect CALPAK) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-56 
Code 53 System Over Voltage • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • page A-56 
Code 55 ECM e·rror •••••••••••••••••••••••••••••••••••••••••• -. • • • • • • • • • • • • • • • Page A-56 
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'F' CARLINE RPO:LB8 VIN CODE:S 

□ COMPUTER HARNESS 
C1 Electronic Control Module (ECM) 

C2 ALDL diagnostic connector 
C3 •SERVICE ENGINE SOON• tight 

C4 ECM power/fuel pump fuse 

C5 ECNI harness ground 
C& FuHpanel 

C8 Fuel pump test connector (ALDL "G") 

C9 MAFfuse 

l:::; NOT ECM CONNECTED 
N1 Crankcase vent valve (PCV) 
N4 Engine temp. switch (telltale) 
NS Engine temp. sensor (gage) 
N6 Oil press. switch (telltale) 

N7 OU press. sensor (gage) 
NB Oil press. swich (fuel pump) 

N10 Cold start fuel injection switch 
N11 Coldstartvalve 
N12 Deceleration Valve (MIT only) 
N13 Fan Override Switch 

C3 

0 CONTROLLED DEVICES 
1 Fuel injector 

2 Idle air control motor 

3 Fuel pump relay 

5 Trans. Conv. Clutch connector 

6a Remote Ignition coil 

8 Engine coolant fan relay 
9 Air controlsolenold(M.T~only) 

12 Exhaust Gas Recirculation solenoid 

13 A/C compressor relay 

15 Fuel vapor canister solenoid 
17 Mass air flow sensor relay 

@ Exhaust Gas Redrc:ulatlon valve 

2. SL V6 PFI 

Q INFORMATION SENSORS 
B Exhaust oxygen 

C Throttle position 

D Coolanttemperature 

F Vehicle speed 
K Mass A,ir Flow 
S Power steering pressure switch 

T Manifold Air Temperature 

U A/C pressure fan switch 

5-26-88 

5S 2127-6E 

Figure A-1 - Component Locations 2.SL "F'" Carline 
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L'P 
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.,___ ________ ORN 461 - AS 

------- WHT/BLK 451 A9 

ECM 

SERIAL DATA 

DIAGNOSTIC TEST 

..,._..__ BLK/WHT --- 450 A12 SYSTEMGND 

E B A o.,.._a--t__._..., ...... __ o 
0 

,--_.:::,4 ~--1 01 
BLK/WHT 

M 

ALOL CONNECTOR 

_ ENGINE GND'S 

~ 
TO VSS BUFFER--0-- BRN 437 

1/P 
CONN 

A10 

,~-11-------------- PPL412 07 

OXYGEN SENSOR 

ENGINEGND. 
--------- TAN413 D6 

SYSTEMGND 

VEHICLE SPEED 

SIGNAL 

OXYGEN SENSOR 

SIGNAL 

OXYGEN SENSOR 

GROUND 

MANIFOLD AIR 
TEMPERATURE 
SENSOR 

~--------- TAN 472 A11 MAT SENSOR 
SIGNAL 

-:;_:,:,:,-:_-:_-:_-:,.-c"1---------- GRY 416 c,4 +SVREF. 

TPSSIGNAL 

BACKUP MODE 
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,._ _ __,

8 
DKBLU417 C1l 
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88 

A2 
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OF 
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~ 
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CONNECTOR 

BACK VIEW 
OF 
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~ 
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.,__ ________ 6S2643 

5-20-88 

Figure A-2 - Wiring Diagram 2.8L nf" carline (1 of 3) 
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12V 

IAC 

IGN 

PIN 
SWITOI 

--✓-~..,_ ___ __,. 

INJ2 INJ 1 

PNK/BlK PNK/BLK 
839 639 

LT BLU/WHT 441 

l T BLUl8LK 442 

LT GRN/WHT 443 

LT GRN/BLK 444 

VPCONN 

a 
C4 

C3 

ECM 

IACCDIL "A" HI 
IACCOIL "A• LO 
IAC COIL •a- HI 

IAC COIL •a- LO 

PARK.NEUTRAL 
SWITCH(A/T) 

IGN 

VPCONN ....---D14 

PICK·UP COIL 

PRIMARY COIL 

467 
INJECTOR 
DRIVERS 

.----D15 

468 
INJECTOR 
DRIVERS 

~ft~~~---------~-W Mm 
.__ __________ PPUWHT - 430 BS REFERENCE 

SET TIMING·CONNECTOR ~ TAN/BLK _ ,424 

'--F-US_E_&_H_O_LD-ER ________ BLK/RED - 453 

I • • • • • • • . 
D5 .BYPASS 

B3 REFLOW 

Bt 12Y 

C16 -12Y 
A 1 FUEL PUMP RELAY 

DRlvt(UV) 
A12 SYSTEMGND. 

TO ______ _. __ TA /WHT 120 .82 · FUEL PUMP'SIGNAL 
FUEL 
PUMP 

INDl~TOR --- TAN 31 
FUEL PUMP 

OIL PRESSURE 
SWITCH 

Figure A-3 - Wiring Diagram 2.BL "F" carline (2 of 3) 
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OF 
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OF 
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S-19-88 
· 6S2644-6E 



I 
BLK/WHT 

450 

~ 

COOLING 
FAN 

DRIVEABIUTY AND EMISSIONS 2.8L (VIN S) 6E3-A-5 

SERVICE ENGINE SOON 
AS LIGHT CONTROL 

AUTOMATIC 
TRANS.Tee 
SOLENOID 

BRNIWHT 419 

LTBLU 446 C8 4TH GEAR SIGNAL 

-----TAN/8lK422 A7 A/TTCCCONTROL 

~~N.EJ-- TANJBUC 422 __ ____, 
.._iilil..li;mi:lll.lill,.a,,_..::;A:...1 fV'~B _____ _ DK GRN/YEL428 
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------ BUC/WHT 
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STEERING 
PRESSURE 
SWITCH 

FAN CONTROL SWITCH 

{A/CONLY)~ 
_[ ILK BLU 732 

IGNmON 12V 

BATTERY 
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- 11P O ONA/C 
C/H FAN CONN ~ 

TAN/WHT250 __ _. ALTERNATOR 
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CONTROL 

A4 EGR 
CONTROL 
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SWITCH 
SIGNAL 

C2 AIR CONTROL 
MANUAL/TRANS 

B6 MAF SENSOR 
SIGNAL 

POWER 
89 STEERING 

PRESSURE 
SIGNAL 

FAN REQUEST 
C9 (A/C PRESSURE 

SWITCH SIGNAL) 

FAN 
CONTROL 
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CONTROL 
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Figure A-4 -Wiring Diagram 2.BL .. F .. Carline (3 of 3) 
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PORT FUEL INJECTION ECM CONNECTOR IDENTIFICATION 
This ECM voltage chart is for use with a digital voltmeter to further aid in diagnosis. The voltages 

you get may vary due to low battery charge or other reasons, but they should be very close. 

THE FOLLOWING CONDITIONS MUST BE MET BEFORE TESTING: 
• Engine at operating temperature • Engine idling in closed loop (for '"Engine Run" column) 

.--~-------•.;....:..T=:es:a.::t:..:t::er:.:.m!.-"i'-'-'n::a.:..;1 n;.;;o=,t grounded • ALD,...L;;;.t.;;.;o;..o;..l_n..;.o..;..t _in_s_ta_l...;le..;..d ________ __,, 

0 

VOLTAGE 

0 

BACK VIEW 
OF 

88 A/CSIGNAL 

89 P.S.P.S. 

B10 

B11 NOT USED 

812 NOTUSED 

LTGRN 015 INJ 2 4 6 

LTBLU 016 INJ.1,3,5 

1 Var ies from .60 to battery voltage depending on posit ion of drive wheels. 

2 Varies w ith temperature . 

3 Varies. 

4 12V First two seconds. 

5 Measured between terminals C13 and D13. 

Figure A-5- ECM Connedor Terminal End View 2.SL "F" Carline 

VOLTAGE 

0 0 

12 12 

0 0 

12 14 

12 14 

ENGINE 2.SL LBS 

CARLINE "'F" 

652646 
B-4-87 
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6E3-A-8 2.8L (VIN S) DRIVEABILITY AND EMISSIONS 

DIAGNOSTIC CIRCUIT CHECK 
The diagnostic circuit check is an organized approach t.o identifying a problem created by an electronic 

engine control system malfunction. It must be the starting point for any driveability complaint diagnosis, 
because it directs the service technician to the next logical step in diagnosing the complaint. 

The "Scan Data" listed in the table may be used for comparison, after completing the diagnostic circuit check 
and finding the on-board diagnostics functioning properly and no trouble codes displayed. The "Typical Values" 
are an average of display values recorded from normally operating vehicles and are intended to represent what a 
normally functioning system would typically display. 

A ·nsCAN• TOOL THAT DISPLAYS FAULTY DATA SHOULD NOT BE USED. AND THE PROBLEM 
SHOULD BE REPORTED TO THE MANUFACTURER. THE USE OF A FAULTY •sCAN• CAN RESULT 
IN MISDtAGNOSIS AND UNNECESSARY PARTS REPLACEMENT. 

Only the parameters listed below are used in this manual for diagnosis. If a "Scan" reads other parameters, 
the values are not recommended by General Motors for use in diagnosis. For more description on the values and 
us~ of the "Scan" to diagnosis ECM inputs, refer to the applicable diagnosis section in Section "C". If all values 
are within the range illustrated, refer to symptoms in Section "B". 

·scAN" DATA 
Idle I Upper Radiator Hose Hot/ Closed Throttle/ Park or Neutral I Closed Loop/ Acc. off 

"SCAN" Position Units Displayed Typical Data Value 
Coolant Temp. C" 85°-105° 
MAT Temp. C" 10°- 60° (depends on underhood temp.) 
TPS volts 0.35 - 0.67 
MAF gm/sec 4 - 7 
INT {Integrator) Counts Varies 
BLM (Block Learn) Counts 118 - 138 
IAC Counts (steps) 5 - SO 
rpm rpm ± 100 rpm from desired rpm ( ± 50 in drive) 
02 volts .1 - 1 and varies 
Open/Closed Loop Open/Closed Closed Loop (may go open with extended idle) 
Spark Advance # of Degrees Varies 
BPW (base pulse width) M/Sec .7-2.0 
EGR Duty Cycle 0-100% 0% (at idle) 
A/C Request Yes/No No (yes, with A/C requested) 
4th gear Yes/No No (yes, when in 4th gear) 
A/C Clutch ON/OFF OFF (ON, with A/C commanded ON) 
P/N Switch P/N and RDL Park/Neutral (PIN) 
Power Steering Pressure Switch Normal/HI pressure Normal 
TCC ON/OFF OFF/ (ON, with TCC commanded) 
~ m~ 0 

6-3-88 

"7S3'78-6£ 



• IGNmoN-oN.- ENGINE •off.· 
• NOTE ·SERVICE ENGINE sooN· LIGHT. 

mADYUGHT 

• JUMPER ALDL TERMINAL •a- TO •A• 
• DOES SES LIGHT FlASH CODE 121 

• REFER TO APPLICABLE 
CODE CHART, START 
WITH LOWEST COOE. 

DRIVEABIUTY AND EMISSIONS 2.8L {VIN S) 6E3-A-9 

DIAGNOSTIC CIRCUIT CHECK 
2.SL (VIN S) •F" CARLINE (PORT) 

: USE CHART A-1 : 
"'-----------~ 

l USE CHART A-2 : 

·-----------"' 

: USE CHART A-3 : ., ___________ ... 

FlASHING CODE 12 

CHECK FOR GROUNDED DIAGNOSTIC 
TEST CICT 451. USE WIRING DIAGRAM 
ON CHART A-1. 

COMPARE •SCAN. TOOL DATA WITH TYPICAL 
VALUES SHOWN ON FAONG PAGE. ARE VALUES 
NORMAL OR WITHIN TYPICAL RANGES? 

REFER TO ·svMPT0Ms· 
IN SECTION •a•. 

REFER T0 INDICATED 
·cOMPONENT(S) SYmM· 
CHECKS IN SECTION •c-. 

4-6-88 
• 753227-fiE 



6E3-A-10 -2.SL (VJN S) DRIVEABIUTY AND EMISSIONS 

{l] ~ llJ liiil wl [El [i] 

[a] 1c) ffiJ @ [El ii] 

IP HARNESS CONNECTOR 
15WAY (FRONTVIEW) ECM 

TO OIL PRESS. SW. 

& FUEL PUMP RELAY 

FUSE & HOLDER 
...------340ORN BATTERY12V 

• • • ■ • ■ ■ I 

r-4t---~..__.,, .,;.'---+--------+---- 340 ORN 
• • • • • • • I 

· 15WAY 
IP CONN 

ECM/IGN FUSE r - - , 

+ IGNITION 
SWITCH 

~1« .... !_F __ ~ i 419 BRN/WHT 

439 PNK/BLK 

BATTERY GAGE FUSE SES LIGHT : : C 

II I -0 
E B A 

lo... 

7-29-87 
ALDL CONNECTOR 

~I 
I -.. I J 
I I 

I ~I 
i -.i ; E 451 

I I 

-~~-JM 450 

461 ORN 

WHT/BLK 

BLK/WHT 

Q ENGi 

·~ 
~ -=GROU 

NE 
ND 11-3-87 

551235-6E 

CHARTA-1 

Circuit Description: 

NO "SERVICE ENGINE sooN·· LIGHT 
2.SL (VIN S) ••F•• CARLINE (PORn 

There should always be a steady "Service Engine Soon" light when the ignition is "ON" and engine stopped. 
Battery is supplied directly to the light bulb. The electronic control module (ECM) will control the light and 
turn it "ON" by providing a ground path through CKT 419 to the ECM. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. If the fuse in holder is blown refer to facing page of 

Code 54 for complete circuit. 
2. Using a test light connected to 12 volts probe each 

of the system ground circuits to be sure a good 
ground is present. See ECM terminal end view in 
front of this section for ECM pin locations of 
ground circuits. 

Diagnostic Aids: 

Engine runs OK, check: 
• Faulty light bulb. 
• CKT 419 open. 
• Gage fuse blown. This will result in no oil or 

generator lights, seat belt reminder, etc. 

Engine cranks but will not run. 
• Continuous battery - fuse or fusible link open. 
• ECM ignition fuse open. 
• Battery CKT 340 to ECM open. 
• Ignition CKT 439 to ECM open. 
• Poor connection to ECM. 

Solenoids and relays are turned "ON" and "OFF" 
by the ECM, using internal electronic switches called 
"drivers". Each driver is part of a group of four called 
"Quad-Drivers". Failure of one driver can damage 
any other driver in the set. Solenoid and relay coil 
resistance must measure more than 20 ohms. Less 
resistance will cause early failure of the ECM 
"driver". 

Before replacing ECM, be sure to check the coil 
resist_ance of all solenoids and relays controlled by the 
ECM. See ECM wiring diagram for the solenoid(s) 
and relay(s) and the coil terminal identification. 



DRIVEABILITY AND EMISSIONS-2.8L (VIN S)- 6E3-A-11 

DOES THE ENGINE START? 

• IGNITION "OFF". 

• DISCONNECT ECM CONNECTORS. 

• IGNmON "ON". 

• PROBE OCT 419, WITH TEST LIGHT 

TOGROUND. 

IS THE ·ses· LIGHT "ON·? 

FAULTYECM CHECK: 

CONNECTION • GAGE FUSE. 

ORECM. SEE • FAUL TY BULB. 

QUAD DRIVER . • OPEN CKT 419. 

CHECK (CHART • CICT 419 SHORTED TO 

C-1). VOLTAGE. 

• OPEN IGNITION FEED TO 

BULB. 

CHART A-1 
NO "SERVICE ENGINE SOON• LIGHT 

2.SL (VIN S) .F., CARLINE (PORT) 

IS THE 20A CONTINUOUS 

BATTERY FUSE (IN HOLDER) 

AND ECM FUSE OK? 

• IGNmoN·oFr. 

• IGNmON ·oN·. 

• PROBE CKT 340 & 439 

WITH TEST LIGHT TO 

GROUND. 

IS THE LIGHT ·ON" ON 

BOTH CIRCUITS? 

0 FAULTYECM 

GROl,INDS OR ECM. 

SEE QUAD DRIVER 

CHECK (CHART C-1 ). 

0 LOCATE AND CORRECT 

SHORT TO GROUND IN 

CIRCUIT THAT HAD A 

BLOWN FUSE. 

REPAIR OPEN IN 

CIRCUIT THAT DID NOT 

UGHTTHE TEST LIGHT. 

Q.EAR CODES AND CONFIRM ·a.oSED LOOP - OPERATION AND NO ·sERVICE ENGINE SOON· LIGHT. 



6E3-A-12 2.8L (VIN S) DRIVEASIUTY AND EMrSSIONS 

rn 1RJ CIJ !Ml w1 CeJ oo 
([) lcl ffil@ 111 i:D 

· IP HARNESS CONNECTOR 
15 WAY (FRONT VIEW) 

ECM 

& FUEL PUMP RELAY 
TO OIL PRESS. SW. ;J 

!
---- 340 ORN 

FUSE & HOLDER 
I• • • • • • I ....... --~~:=--_,._ _______ __.11---- 340 ORN 

I ■ ■ • • ■ • I 

FUSIBLE LINK 

+ 

15WAY 
IPCONN 

BATTERY 

IGNmON 
SWITCH 

GAGE FUSE SES LIGHT 

i· ... -. J 
I 

t< I •<:e 
I 

451 

461 ORN 

WHT/BlK 

II -'C E B 
I ~j7f."' A _L--.JM 

Q ENG 
. -' --=-GROU 

BLIC/WHT 

INE 
ND 

... 
7-29-87 

ALOL CONNECTOR 
11-3-87 

551235-6E 

CHART A-2 
NO ALDL OR WON'T FLASH CODE 12 

•sERVICE ENGINE SOON" LIGHT "ON" STEADY 
2.SL (VIN S) ''F" CARLINE (PORn 

Circuit Description: 
There should always be a steady "Service Engine Soon" light when the ignition is "ON" and engine stopped. 

Battery ignition voltage is supplied to the light bulb. The electronic control module (ECM) will turn the light 
.. ON" by grounding CKT 419 at the ECM. 

With the diagnostic terminal grounded, the light should flash a Code 12, followed by any trouble code(s) 
stored in memory. 

A steady light suggests a short to ground in the light control CKT 419, or an open in diagnostic CKT 451. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. If there is a problem with the ECM that causes a 

"Scann tool to not read serial data, the ECM 
should not flash a Code 12. If Code 12 is flashing 
check for CKT 451 short to ground. If Code 12 
does flash be sure that the "Scan" tool is working 
properly on another :vehicle. If the "Scan" is 
functioning properly and CKT 461 is OK the 
PROM or ECM may be at fault for the NO ALDL 
symptom. 

2. If the light goes "OFF" when the ECM connector is 
disconnected, CKT 419 is not shorted to ground. 

3. This step will check for an open diagnostic CKT 
451. 

4. ·At this point the "Service Engine Soon" light 
wiring is OK. The problem is a faulty ECM or 
PROM. If Code 12 does not flash, the ECM should 
be replaced using the original PROM. Replace the 
PROM only after trying an ECM, as a defective 
PROM is an unlikely cause of the problem~ · 

Diagnostic Aids: 

Solenoids and relays are turned "ON" or "OFF" by 
the ECM using internal electronic switches called 
"drivers". Each driver is part of a group of four called 
"Quad-Drivers". Failure of one driver can damage 
any other driver in the set. 

Before replacing ECM, be sure to check the coil 
resistance of all solenoids and relays controlled by the 
ECM. See ECM wiring diagram for the solenoid(s) 
and relay(s) and the coil terminal identification. 



• IGNITION •oN'", ENGINE "OFF-. 
15 THE ·sES· LIGHT ·oN·? 

• GROUND DIAGNOSTIC TERMINAL 
DOES LIGHT FLASH CODE 121 

IGNITION •OFF•. 
DISCONNECT ECM CONNECTORS. 
IGNITION •oN• AND NOTE 
•sERVICE ENGINE SOON'" LIGHT. 

• IGNITION •OFF•. 
• RECONNECT ECM. 
• IGNITION-oN· , ENGINE ·oFF·, 

DIAGNOSTIC TERMINAL NOT GROUNDED. 
• BACK PROBE ECM CKT 451 WITH TEST 

LIGHT TO GROUND. LEAVE CONNECTED 
AND WATCH "SES" LIGHT. 

DRIVEABILITY AND EMISSIONS 2.8L (VIN S) 6E3-A-13 

CHARTA-2 
NO ALDL DATA OR WON'T FLASH CODE 12 

nsERVICE ENGINE SOON" LIGHT ''ON" STEADY 
2.8L (VIN S) .11F" CARLINE (PORT) 

0 IF PROBLEM WAS NO ALDl DATA: 
CHECK SERIAL DATA CKT C61 FOR OPEN OR 
SHORT TO GROUND BETWEEN ECM AND ALDL 
CONNECTOR. IF OK, IT 15 A FAUL TY ECM OR 
PROM. 

REPAIR SHORT TO 
GROUND IN CKT 419 . 

CODE 12 

0 • CHECK PROM FOR PROPER INSTALLATION. 
• IF OK. REPLAQ ECM USING ORIGINAL PROM. 

CHECK FOR OPEN CKT 451 TO ECM. 
IF OK, CHECK FOR OPEN OROJIT l!IETWEEN 
ALDL TERMINAL• A• AND ECM. • RECHECKFORC:::ODE 12. 

REPLACE PROM. SYSTEM OK. 

aEAR CODES AND CONRRM ·cLOSED LOOP- OPERATION AND NO ·seRVICE ENGINE SOON- LIGHT. 
10-3G-87 
7S 3341-6£ 



6E3-A-14 2.SL (VIN S) DRIVEABILITY AND EMISSIONS 

IGN 15-WAY ECM 
LP. CONNECTOR 

ECM 
439PNK/BLK ~ IGN 

INJ.1, 3,5, 
(D- 439 PNK/BLK 

INJ. 1 

PN~LK --q;:J-639 PNK ~LTBW467 

1/P 
CONN 

-~LTGRN4&8 

INJ. 2 
839 --@ B39 

PNK/BLK G PNK/BLK 
D ~ B INJECTOR 

INJ.2,4,6 DRIVERS 

~tt-t:::!!------------------- 423 WHT EST 

REFERENCE 

BY-PASS 

.__ __________________ 430 PPLJWHT 

...._ __________ --=S:.:.ET.:..:..TI::.:M.:.:.:IN~G=--r.i~-- 424 TAN/8LK 
CONNECTOR 

PRIIIIARV COIL '---------------------453BLK/RED 11• REF.LOW 

7-29-87 5-24-88 *5S 1618-iEB 

CHART A-3 
(Page 1 of 2) 

ENGINE CRANKS BUT WON'T RUN 
2.SL (VIN S) '1 F" CARLINE (PORT) 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
I. This chart assumes that battery condition and 

engine cranking speed are OK, and there is 
adequate fuel in the tank. If engine starts but 
immediately stalls, see "Symptoms", Section "B" 
(Hard Start). A "Service Engine Soon" light "ON" 
is a basic check for ignition ·and battery supply to 
the electronic control module (ECM). 

2. No spark indicates ~ basic HEI problem. 
3. This test will determine if the ECM is receiving 

the reference signal and controlling the injectors. 
This test could also be performed at the 4-way 
injector connector by using a test light between 
terminals "A" and "D". 
H the test light "blinks" while cranking, then 
ECM control should be considered OK. How 
bright the test light "blinks" is not important. 
However, the test light should be a J-34730-2 or 
equivalent. · 

4. Use pressure gage J -34730-1. Wrap a shop towel 
around the fuel pressure tap to absorb any small 
amount of fuel leakage that may occur when 
installing the gage. 

Diagnostic Aids: 
• An EGR valve sticking open can cause a low 

air/fuel ratio during cranking. Unless engine 
enters "Clear Flood" at the first indication of a 
flooding condition, it can result in a no start. 

• Check for fouled plugs: 
• If the TPS is sticking or binding in the wide open 

throttle position, the ECM will be in the "Clear 
Flood" mode. 

• A defective cold start circuit or water in fuel line 
can cause a no start in cold weather. To check cold 
start circuit: See CHART A-9. 

• A defective MAF sensor may cause a no start or a 
stall after start. To determine · if the sensor is 
causing the problem, disconnect it. The ECM will 
then use a default value for the sensor, and if the 
condition is corrected and the connections are OK, 
replace the sensor. 

• Also check that injectors on both sides of engine 
will cause a test light to "blink". Cheeking of two 
injectors on each bank in this manner will locate a 
shorted injector. 
If above are all OK, refer to "Symptoms" in 
Section "B" "Hard Start". 

• Also check that injectors are not open or shorted. 
Injector resistance should be greater than ohms. 



DRIVEABIUTY AND· EMISSIONS 2.IL (VIN S) 6E3-A..:15-

NOTICE: RJEL SYSTEM UNDER PRESSURE. TO AVOID FUEL 
CHART A-3 

SPILLAGE, REFER TO FIELD SERVICE PROCEDURES FOR (Page 1 of 2) 
TESTING OR MAKING REPAIRS REQUIRING DISASSEMBLY OF ENGINE CRANKS BUT WON'T RUN FUEL UNES OR FITTINGS. 

2.SL (VIN S) •F" CARLINE (PORTI 

0 • FUEL QUANTITY OK. 
• IGN. ·oN- -lf-sEs· LIGHT 15 ·off-, SEE CHART A-1. 
• •STAU ·sCAN· TOOL - If ·No ALDL., SEE CHART A-2 . 
• OIECK THE fOUOWING: 
• TPS - If OVER 2.SV AT CLOSED THROTTLE, SEE CODE 21 • 

• If CODE 54 IS SET SEE CODE 54 CHART 
I 

G) • CONNECTST-125 (SPARK OIECKER)J-26792 OR 
EQUIVALENT 

• CHECK FOR SPARK WHILE CRANKING . 

• CHECK AT LEAST TWO WIRES • 

I 
I I 

SPARK I NO SPARK I 
I I 

G) • CHECK EACH BANK Of INJECTORS AS FOU.OWS: NOTICE : DO NOT CHECK FOR BATTERY 

• DISCONNECT ONE INJECTOR. ALLOW VOLTAGE TO IGNITION 
• CONNECT TEST LIGHT J-34730-2 OR EQUIVALENT TO INJEcr0R, TERMINALS SYSTEM. If OK THERE 15 A 

INJECTOR HARNESS CONNECTOR TERMINALS. TO SHORT OR TOUCH BASIC HEI PROBLEM. REFER 
• CHECK FOR BUNKING LIGHT WHILE CRANKING. TOGETHER WHILE TO APPROPRIATE CHART C-4. 
• RECONNECT INJECTOR; CRANKING OR ECM 

• REPEAT TEST ON ANOTl1ER INJECTOR ON THE SAME BANK. MAY BE DAIIIIAGED. 

• LIGHT SHOULD BUNK ON BOTH • -
I I 

BUNKING LIGHT I STEADY LIGHT I NOUGHT I 
■ ■ 

r_. ____ , 
G) • INSTAU FUEL PRESSURE • CHECK INJECTOR DRIVER CKTWITH STEADY 

GAGE AND NOTE PRESSURE LIGHT FOR SHORT TO GROUND. I SEE CHART A-3 I 
AFTER IGNITION •oN• AND • IF ORCUIT 15 NOT SHORTED, CHECK L .!~E_!~~ J 
FUEL PUMP STOPS RESISTANCE ACROSS EACH INJECTOR IN 
RUNNING SHOULD BE 34 THEORCUIT. 
T0'7psl • RESISTANCESHOULD BE GREATER THAN 8 
(234-325 kPa ) OHMS. 

- -
0 

I 

$ 
I 

I NOTOK I I NOTOIC I 
,.I~---·-- .. ■ 

FAULTYECM I I REPLACE ECM AND ANY INJECTOR THAT I 1 • SEE FUEL SYSTEM I MEASURES UNDER 8 OHMS. I DIAGNOSTIC I CHARTA-7 ·--------' 
• SEE •DIAGNOSTIC AIDS• 

ON FACING PAGE FOR 
ADDITIONAL ITEMS TO 
CHECK . 
■ 

IF ALL CHECK OK. THERE IS NO 
TROUBI.E FOUND . REVIEW 
SYMPTOMS, SECTION "B •, 
•HARO START•. 

* aEAR CODES AND CONFIRM ·a.oSED LOOP -
OPERATION AND NO •SERVICE ENGINE SOON• LIGHT. 

7-29-87 
8S4692-61 



6E3-A-16 2.SL (VIN S)_ DRIVEABIUTY AND EMIS~IONS 

IGN 1S-WAY 
LP. CONNECTOR 

ECM r;-L 
.------ 439PNKJBLK --------.-."""~_. ___ L!._J 439PNK/BLK 

INJ. 1, 3.5, . 

INJ. 1 

INJ. 2 

PIIIMAftYCOL 

7-29-87 

"-t-t-t-t::! __________________ 423WHT 

'------------------- 430PPLJWHT 
...__ ____________ S __ ET--'-'Tl=M=IN=G.......r,._i--- 424 TAN/BLK 

CONNECTOR ,__ __________________ 453 ILK/RED 

CHARTA-3 
(Page2 of 2) 

ENGINE CRANKS BUT WON'T RUN 
2.SL (VIN S) °F" CARLINE (PORTI 

5-24-88 

To test for this condition: 

ECM 

IGN 

INJECTOR 
DRIVERS 

EST 

REFERENCE 

BY-PASS 

11• REF.LOW 

*SS 1618-tiEB 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. • Disconnect the injector 4-way connector. 
5. Checks for 12 volt supply to injectors. 
6. This test will determine if the distributor module 

is not generating the reference pulse or if the 
wiring or ECM are at fault. By touching CKT 430 
with a test light a reference signal is being 
generated. If the test light (J-34730-2) blinks at 
the injector, then the ECM and wiring is OK. 

7. Each time the test light touches CKT 430, the 
ECM should turn "ON" the fuel pump for 2 
seconds. 

8. All checks made to this point would indicate that 
the ECM is at fault. However, there is a 
possibility of CKT 467 or 468 being shorted to a 
voltage source either in the engine harness or in 
the injector harness. 

• Ignition .. ON" 
• Probe CKTs 467 and 468 on the ECM side of 

harness with a test light connected to ground. 
There should be no light. 

• If. OK, check . the resistance of the injector 
harness.between terminals .. A & C", ,.A & D", 
"B & 0", and "B & C". 

• Should be more than 4 ohms 
• If less than 4 ohms check harness for wires 

shorted together and check each injector 
resistance. 

• Resistance should be more than 10 ohms. 
• If all OK, replace ECM. 



DRIVEABILITY AND EMISSIONS 2.8L {VIN S) 6E3-A-17 

NOTICE: EFI S~M UNDER PRESSURE. TO AVOID FUEL SPILLAGE, 
REFER TO FIELD SERVICE PROCEDURES FOR TESTING OR MAKING 
REPAIRS REQUIRING DISASSEMBLY OF FUEL UNES OR FITTINGS 

CHARTA-3 
(Page 2 of 2) ,-------, 

FROM 
CHARTA-3 

PAGE 1 0F2 ... _____ ., 

0 • IGNITION •oN•, 
• PROBE INJECTOR HARNESS TERMINALS 

WITH A TEST LIGHT TO GROUND. 
• LIGHT SHOULD BE •oN• AT BOTH 

TERMINALS. 

• RECONNECT J-34730·2 OR 
EQUIVALENT TEST LIGHT TO INJECTOR 
HARNESS. 

• DISCONNECT DISTRIBUTOR 4-WA Y 
CONNECTOR. 

• MOMENTARILY TOUCH HARNESS 
CONNECTOR TERMINAL CKT 430 WITH 
TEST LIGHT TO 12 VOLTS. 

USE A TEST LIGHT ONLY. TOUCH 
TERMINAL ONLY MOMENTARILY AND 
NOTE INJECTOR TEST LIGHT. SHOULD 
•BLINK• EACH TIME THE TEST LIGHT IS 
REMOVED FROM CKT 430. 

INJECTOR LIGHT .BLINKS" 

ENGINE CRANKS BUT WON'T RUN 
2.8L (VIN S) "F" CARLINE {PORn 

LIGHT '"ON• ONE 

DUE TO INJECTORS WIRED IN 
PARALLEL THERE SHOULD BE A 
LIGHT ON BOTii TERMINALS • 

IF NOTTHE PROBLEM IS IN THE 
HARNESS TO THE TESTED 
INJECTOR. 

NO BLINKING LIGHT AT INJECTOR 

REPAIR OPEN IN INJECTOR 
FEED CRCUIT. 

0 REPEAT TEST AND OBSERVE FOR FUEL PUMP RUNNING 
FOR 2 SECONDS OR FUEL PUMP RELAY alCK. 

• RECONNECT INJECTOR(S). 
• IGNITION •oFF" • 
• DISCONNECT ECM 
• IGNITION •oN•. 
• PROBE TERMINALS •01 s• AND 

•01&• WITH A TEST LIGHT TO 
GROUND. 

0 SEE FACING PAGE 
TEST DESCRIPTION 8. 

• OPEN OR GROUNDED CKT 430 • 
• FAULTY CONNECTION AT ·Bs· 

OR FAULTY ECM. 

OPEN CKT 467 OR 468 

I 

* aEAR CODES AND CONFIRM ·cLOSED LOOP. OPERATION AND NO ·seRVICE ENGINE SOON. LIGHT. 
7-29-87 

5S 1550-6E 



6E3-A-18 2.8L (VIN S) DRIVEABIUTY AND EMISSIONS 

RETURN LINE 

FLEX HOSE 

IN-TANK PUMP 

7-29-87 

Circuit Description: 

TO COLD 
START VALVE 

FUEL PRESSURE 
CONNECTOR 

CHART A-7 
(Page 1 of 2) 

FUEL SYSTEM DIAGNOSIS 
2.SL (VIN S) uf" CARLINE (PORT) 

4-23-85 

551766-&E 

When the ignition switch is turned "ON", the electronic control module {ECM) will turn .. ON" the in-tank 
fuel pump. It will remain "ON" as long as the engine is cranking or running, and the ECM is receiving HEI 
distributor reference pulses. 

If there are no reference pulses, the ECM will shut "OFF" the fuel pump within 2 seconds after key "ON" or 
engine stopped. 

The pump will deliver fuel to the fuel rail and injectors, then to the pressure regulator, where the system 
pressure is controlled to about 234 to 317 kPa (34 to 46 psi). Excess fuel is then returned to the fuel tank. 

Test Description: Numbers below refer to circled 4. An injector sticking open can best be determined 
numbers on the diagnostic chart. by checking for a fouled or saturated spark plug(s). 
1. Use pressure gage J-34730-1. Wrap a shop towel If a leaking injector can not be determined by a 

around the fuel pressure tap to absorb any small fouled or saturated spark plug the following 
amount of fuel leakage that may occur when procedure should be used. 
installing the gage. · • Remove Plenum, cold start valve and remove 
Ignition "ON", pump pressure should be 280-325 fuel rail bolts. Follow the procedures in the 
k.Pa (40.5-47 psi). This pressure is controlled by fuel control section of this manual, but leave 
spring pressure within the regulator assembly. fuel lines connected. 

2. When the engine is idling, the manifold pressure • Reconnect cold start valve. 
is low (high vacuum) and is applied to the fuel • Connect a hose to valve nozzle and insert into 
regulator diaphragm. This will offset the spring a gasoline container. 
and result in a lower fuel pressure. This idle • Lift fuel rail out just enough to leave injector 
pressure will vary somewhat depending on nozzles in the ports. 
barometric pressure, however, the pressure idling CAUTION: BE SURE INJECTOR(S) ARE NOT ALLOWED 
was less indicating pressure regulator control. TO SPRAY ON ENGINE AND THAT INJECTOR 

3. Pressure that continues to fall is caused by one of · RETAINING CLIPS ARE INTACT. THIS SHOULD BE 
the following: CAREFULLY FOLLOWED TO PREVENT FUEL SPRAY ON 
• In-tank fuel pump check valve not holding. ENGINE WHICH WOULD CAUSE A FIRE HAZARD. 
• Pump coupling hose or pulsator leaking. • Pressurize the fuel system. 
• Fuel pressure regulator valve leaking. • Lift each side· of rail up and observe for 
• Injector sticking open. injector(s) leaking. 
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DRIVEABILfTY :AND EMISSIONS 2.SL....,(VIN"S)'. 6£3.;A~19·: · 

THIS CHART ASSUMES THERE IS NO 
CODE54 

CHARTA-7 
(Page 1 of 2) 

FUEL SYSTEM DIAGNOSIS 
• INSTALL FUEL PRESSURE GAGE, J-34730-1 OR 2.SL {VIN ·S) .,F. CARLINE {PORn 

EQUIVALENT. 
• IGNmON 'OFF" FOR 10 SECONDS. A/C "OFF". I• ■ • ■ • ■ • • ■ • ■ . FROM 

. 
• IGNmON "ON•. FUEL PUMP WILL RUN FORABOUT2 . . NOTE: 

SECONDS. . CHART 
. . . THE IGNrrtONMA Y HAVE TO BE • NOTE FUEL PRESSURE, WITH PUMP RUNNING SHOULD . A-3 
. 

CYCLED ·orr MORE THAN ONCE IE 280-325 kPa (40.~7 J)Si) AND HOLD STEADY . . . (1 OF 2) 
. 

WHEN PUMP STOPS. 

I 

OK 

• START AND IDLE ENGINE 0 
AT NORMAL OPERATING 
TEMPERATURE. 

• · PRESSURE SHOULD BE 
LOWER BY 21-69 kPa 
(3-10 psi). 

I 

~ 
I 

NOTOK 

NO TROUBLE 
FOUND. 
REVIEW 
SYMPTOMS 
SECTION"S-. 

• APPLY101NCHESOFVACUUM 
TO PRESSURE REGULATOR. 

• FUEL PRESSURE SHOULD DROP 
21-69kPa (3-10 psi). 

I 

[$ 
I 

NOTOK 

• 
REPAIR REPLACE 
VACUUM REGULATOR. 
SOURCE TO ASSEMBLY 
REGULATOR. 

. . TO OBTAIN MAXJMUM l'RESSURE • • • • • • • f •••• ti 

ALSO, rr IS NORMAL FOR THE 
I l'RESSURE TO DROP SLJGHn Y 

I NOT OK I WHEN THE PUMP STOPS. 

I 
I • ■ I 

PRESSURE, PRESSURE, BUT I ABOVE325 
11 

NO PRESSURE 
8UTNOT LESS THAN 280 kPa kPa (47 psi). 
HOLDING (40.5 psi}. 

I I I 

I •••• • l .... -• IGNITION "OFF" FOR 10 
SECONDS. 

• IGNITION "ON" . SEE . • IGNITION "OFr • 
• BLOCK FUEL PRESSURE . . 

• APPLY 12 VOLTS . CHART . 
LINE BY PINCHING FLEX . . TO FUEL PUMP 
HOSE. PRESSURE • A-7 

. 
TEST TERMINAL • . . 

SHOULD HOLD. . (2 of 2) . • LISTEN FOR FUEL . . 
I •••••••••• ■ • PUMP RUNNING. 

■ 
-■ 

NOT HOLDING I I HOLDS l 
I I 

• IGNITION "OFF" FOR 10 CHECK: 
SECONDS. • LEAKING PUMP COUPLING 

• IGNmON "ON". HOSE OR PULSATOR. 
• BLOCK FUEL RETURN LINE BY • FAULTYIN-TANKPUMP. 

PINCHING HOSE. 
• RECHECK PRESSURE. 

- ■ 

HOLDS I NOT HOLDING 
I --. 

FAULTY FUEL G) I LOCATE AND CORRECT I 
PRESSURE LEAKING INJECTOR(S). 
REGULATOR. 

I 
PUMP RUNS PUMP NOT RUNNING I 
I ■ 

CHECK FOR: CHECK FOR: 
• PLUGGED IN-LINE Fil TER. • OPEN WIRE IN CKT 
• PLUGGED PUMP INLET FILTER. 120. 
• RESTRICTED FUEL LINE • • OPENPUMP. 
• DISCONNECTED COUPLING HOSE GROUND CKT 150. 

OR PULSATOR. ■ 

■ I 1FOK 
IFOK I I ■ -I REPLAa 1N-TANKFUELPUMP I 

7-23-87 
85469HE 



6E3-A-20 2.8L (VIN S) DRIVEABILITY AND EMISSIONS 

7-29-87 

TO COLD 
START VALVE 

FLEX HOSE 

FUEL PRESSURE 
CONNECTOR 

RETURN LINE 

PRESSURE 
LINE 

IN-TANK PUMP 

4-23-85 

5S 1766-6E 

CHART A-7 
(Page 2 of 2) 

FUEL SYSTEM DIAGNOSIS 
2.SL (VIN S) "F" CARLINE (PORT) 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Pressure but less than 280 kPa (40.5 psi) falls into 

two areas: 
• Regulated pressure, but less than 280 kPa 

(40.5 psi). Amount of fuel to injectors OK but 
pressure is too low. System will be ·1ean 
running and may set Code 44. Also, hard 
starting cold and overall poor performance. 

• Restricted flow causing pressure drop -
Normally, a vehicle with a fuel pressure ofless 
than 165 kPa (24 psi) at idle will not be 
driveable. 

However, if the pressure drop occurs only 
while driving, the engine will normally surge 
then stop as pressure begins to drop rapidly. 

2. Restricting the the fuel return line allows the fuel 
pump to develop its maximum pressure (dead head 
pressure). When battery voltage is applied to the 
pump test terminal, pressure should be above 414 
kPa ( 60 psi). 

3. This, test determines if the high fuel pressure is 
due to a restricted fuel return line or a pressure 
regulator problem. 



DRIVEABILITY AND EMISSIONS 2.St (VIN S) 6E3-A-21 

NOTICE: FUEL SYSTEM UNDER PRESSURE. TO A VOID FUEL Sl'll.LAGE, REFER 

TO FIELD SERVla PR0aDURES FOR TESTING OR MAKING REPAIRS · 

REQUIRING DISASSEMBLY OF FUEL UNES OR FITTINGS. 

CHARTA-7 
{Page 2 of 2) 

FUEL SYSTEM DIAGNOSIS 
2.8L (VIN S) "F" CARLINE 

(PORT) • FROM • 
• CHART • 

A-7 
• (1 of 2) • 

0 HAS PRESSURE BUT LESS 
THAN 280 kPa (40.5 psi ). 

CHECK FOR RESTRICTED FUEL LINES OR IN-LINE FILTER. 

0 • IGNITION "OFF•. 

REPLACE FILTER OR REPAIR 
FUEL LINE AND RECHECK. 

• APPlY 12 VOLTSTOFUELPUMPRELAY 
HARNESS TERMINAL" A" OR FUEL PUMP 
TEST CONNECTOR. 

• SLOWLY PINCH FUEL RETURN HOSE. 
PRESSURE SHOULD RISE ABOVE 325 kPa 
(47 psi}. DO NOT ALLOW PRESSURE TO 
EXCEED 414 kPa (60 psi). 

PRESSURE BUT LESS THAN 
280 kPa (40.S psi ). 

FAULTY IN-TANK 
• FUELPUMP 
• COUPLING HOSE OR 

PULSATOR 
• INLET FILTER 
• WRONGFUELPUMP 

ABOVE 325 kPa (47 psi). 

DISCONNECT FUEL RETURN LINE FLEXIBLE HOSE. 
ATTACH S/1& LD. FLEX HOSE TO PRESSURE 
REGULA TOR SIDE OF RETURN LINE. INSERT THE 
OTHER END IN AN APPROVED GASOLINE 
CONTAINER. 
NOTE FUEL PRESSURE WITHIN 2 SECONDS 
AFTER IGNITION "ON.• 

ABOVE 325 kPa (47 psi ) 

CHECK FOR RESTRICTED 
FUEL RETURN LINE FROM 
FUEL PRESSURE 
REGULA TOR TO POINT 
WHERE FUEL LINE WAS 
DISCONNECTED. 

IF LINE OK REPLACE FUEL 
PRESSURE REGULA TOR. 

280·325 kPa 
(40.5-4-7 psi) 

LOCATE AND 
CORREP' RESTRICTED 
FUEL RETURN LINE TO 
FUEL TANK. 

aEAR CODES AND CONFIRM "aOSED LOOP - OPERATION AND NO "SERVICE ENGINE SOON- LIGHT. 
* 551627-6E 

4-27-88 



6E3-A-22 2.8L (VIN S) DRIVEABILITY AND EMISSIONS 

7-29-87 

[~-ill IDKI□~□□ IBJ 

COLD START FUEL INJECTION 
SWITCH CONNECTOR 

80fi R 

I.P. HARNESS CONNECTOR 
(FRONT VIEW) 

TO NEUTRALSTARTSWITCH ________ -- - '-' PPL 
OR aUTCH START SWITCH ~~ 

---= COLD STARTFUEL 
-=. INJECTION SWITCH 

- aosEo BELOW 35•c. 
8 SEC. TIME LIMIT 

COOLANT 

CRANK FUSE I.P. CONNECTOR 
r:--, 

[ 

806PPL 1
8(! 

I I FUEL 
I I LINE 

r __ [ ~32TAN ~ ...I * 4-WAYCONN • 
..-l ....... 1'---.lijao,......_ (REAR OF ENGINE) 

,._--t-BI-MET AL 

HEATING 
ELEMENT ":' 

SWITCH 

CHART A-9 
COLD START VALVE 

2.8L (VIN S) ''F" CARLINE (PORT) 

COLD START 
VALVE 

4-16-85 

* SS 1989-6E 

Circuit Description: 
The cold start valve is used to provide additional fuel during the crank mode to improve cold start-ups. This 

circuit is important when engine coolant temperature is low because the other injectors are not pulsed "ON" 
long enough to provide the needed amount of fuel to start. 

The circuit is activated only in the crank mode. The power is supplied directly from the starter solenoid and 
is protected by a fuse. The system is controlled by a cold start fuel injection switch which provides a ground path 
for the valve during cranking when engine coolant is below 95°F (35°C). 

The cold start fuel injection switch consists of a bimetal material which opens at a specified coolant 
temperature. This bimetal is also heated by the winding in the switch which· allows the valve to stay "ON" for 8 
seconds at -20°C (-5°F) coolant. The time the switch will stay closed varies inversely with coolant temperature. 
In other words, as the coolant temperature goes up, the cold start valve "ON" time goes down. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Disconnecting the distributor 4-way connector 

will disable the other injectors. 

The amount of pressure drop depends on the 
temperature of the engine. 

2. This test will determine the continuity through 
the switch to ground. 



DRIVEABILITY · AND EMISSIONS 2.SL (VIN S) 6E3-A-23 

0· CHART A--9 
IGNITION •oFF•. 

• CONNECT FUEL PRESSURE GAGE • COLD START VALVE • DISCONNECT DISTRIBUTOR 4-WAY CONNECTOR • 

• ENGINE TEMPERATURE MUST BE BELOW 35°C (95"F}. 2.8L (VIN S) 11F11 CARLINE (PORT) • TURN IGNITION •oN• FOR 2 SECONDS AND NOTE FUEL 
PRESSURE. 

• CRANK ENGINE FOR2 SECONDS WHILE OBSERVING FUEL 
PRESSURE. 

• IF COLD START VALVE 15 FUNCTIONING PROPERLY, THE 
FUEL PRESSURE SHOULD DROP MORE THAN (20kPa} (3psl). 

-
[E;J 

■ 

NOTOK I -
• ALLOW ENGINE TO WARM UP ABOVE 35°C. • DISCONNECT COLD START SWITCH CONNECTOR. 
• REPEATTEST. • PROBE CKT 806 TERMINAL(PPL WIRE) WITH A 
• PRESSURE SHOULD NOT DROP. TEST LIGHT CONNECTED TO GROUND. 

I • OBSERVE LIGHT WHILE CRANKING. 
■ I I 

NODROP I DROPS I ■ I 

LIGHT I NOUGHT I 
I - -

• COLD • DISCONNECT COLD CHECK CRANK FUSE I 
START START SWITCH. -ORCUITOK. • REPEAT TES'(. - -

I FUSEOK I FUSEBLOWN I 
I -

I DROPS I I I 
NO DROP 

• PROBE FUSE WITH • PROBE CKT I I A TEST LIGHT TO 806WITHA 
REPLACE COLD I CHECK FOR SHORT TO GND. IN GROUND. TEST LIGHT 
ST ART SWITCH. CKT832. IF NOT SHORTED • OBSERVE WHILE CONNECTED 

REPLACE COLD START VALVE. CRANKING. 
TO 12V. 

I I 
I REPEATTEST ON CKT 832 {TAN WIRE). I I I 

I 

NO LIGHT I I LIGHT I I NO LIGHT I LIGHT 

- ■ ■ 
■ ■ 

LIGHT I I • REPAIR OPEN • CHECK CKT806 
NO LIGHT INCKT 806, RESISTANCE SHORTED TO 

■ I BETWEEN OFSWITCH GROUND. 
G) • CONNECT • DISCONNECT COLD START STARTER OPPOSITE CKT REPAIR 

OHMMETER VALVE. SOLENOID 806 TERMINAL SHORT AND 
BETWEEN•SJr • PROBE CKT 806 WITH TEST AND CRANK • SHOULDBE INSTALL 
TERMINAL OF LIGHT TO GROUND. FUSE. GREATER NEW FUSE. 
SWITCH AND • CRANK ENGINE. THAN10 
GROUND. OHMS. 

• CHECK RESISTANCE. ■ REPAIR OPEN IN I 
LIGHT I I NO LIGHT CKT806 

$J - ■ BETWEEN FUSE NOTOK I 
AND SWITCH. CHECK FOR I REPAIR OPEN ■ 

ALSO CHECK IP OPEN IN CKT 832 CKT806. REPLACE 
BETWEEN VALVE CONNECTOR PROBLEM IS COLD 
AND SWITCH. TERMINAL •R•. INTERMITTENT. START 

I CHECK SWITCH. 
I - HARNESS. 

OPEN CIRCUIT I I NOT AN OPEN CIRCUIT I 
I I 

REPAIR WIRE I I CHECK VALVE CONNECTIONS, IF I OK REPLACE COLD START VALVE. 

I I I RESISTANCE GREATER I RESISTANCE BETWEEN LESS THAN 20 I 
THAN 200 OHMS. 20 AND 200 OHMS. OHMS. 

I I I I REPLACE COLD I BE SURE COOLANT REPLACE COLD 
START SWITCH. TEMPERATURE IS BELOW 35°C. START VALVE. 

IF BELOW 35°C REPLACE COLD 7-21-87 START SWITCH. SS 1351-6E 



6E].A-24 2.8L (VIN S} DRIVEABIUTY AND EMISSIONS 

ECM 

....---c,c;..._ _____________ PPL412 ~SENSOR 
SIGNAL 

EXHAUST 

7-29-87 

ENGINE 

GROUND 

OJ GROUND 
ORCUfT 

2-20-87 
450790-&E 

CODE 13 
·oxYGEN SENSOR CIRCUIT 

(OPEN CIRCUIT) 

·Circuit Description: 
2.SL (VIN S) ·F" CARLINE (PoRn 

The ECM supplies a voltage of about .45 volt between terminals .. 06" and "07". (If measured with a 10 
megohm digital voltmeter, thi~ may read as low as .32 volts.) The 02 sensor varies the ·voltage within a range of 
about 1 volt _if the exhaust; is rich, down through about .10 volt if exhaust is lean. 

The sensor is like an open circuit and produces no voltage when it is below 315° C (600° F). An open sensor 
circuit or cold sensor causes "Open Loop" operation. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 13 will set: 

• Engine at normal operating temperature. 
• At least 2 minutes engine time after start. 
• 02 signal voltage steady between .35 and .55 

volts. 
• Throttle position sensor signal above 4%. 
• All conditions must be met for about 60 

seconds. 
If the conditions for a Code 13 exist the system 
will not go "Closed Loop". 

-2. This will determine.if the sensor is at fault or the 
wiring or ECM is the cause of th!,! Code 13. 

3. In doing this test use only a high impedance digital 
volt ohmmeter. This test checks the continuity of 
CKTs 412 and 413 because if CKT 413 is open the 
ECM voltage on CKT 412 will be over .6 volts (600 
mV). 

Diagnostic Aids: 

Normal "Scan" voltage varies between l00mV to 
999mV (.1 and 1.0 volt) while in "Closed Loop". Code 
13 sets in one minute if voltage remains between .35 
and .55 volts, but the system will go n0pen Loop" in 
about 15 seconds. Refer to "Intennittents" in Section 
"B". 



DRIVEABILITY AND EMISSIONS 2:at (VIN S)' 6E3-A--25 

CODE 13 
OXYGEN ·sENSOR CIRCUIT 

(OPEN CIRCUIT) 
2.8L (VIN S) "F" CARLINE (PORT) 

0 ENGINE AT NQRMAL OPERA TING TEMPERATURE (ABOVE 80°C/176"F). 
• RUN ENGINE ABOVE 1200 RPM FOR TWO MINUTES. 
• DOES "SCAN. TOOL INDICATE •CLOSED LOOP•?· 

0 • DISCONNECTO2 SENSOR. 
• JUMPER HARNESS CKT 412 (ECM SIDE) TO 

GROUND. · 
• •sCAN• TOOL SHOULD DISPLAY 02 VOLTAGE 

BELOW .2 VOLT (200 mV) WITH ENGINE RUNNING. 
DOES ITI 

0 • REMOVE JUMPER. 
• IGNITION "ON" , ENGINE "OFF". 
• CHECK VOLTAGE OF CKT 412 (ECM SIDE)ATO2 

SENSOR HARNESS CONNECTOR USING A DVM • 

.3-.6 VOLT 
(300 • 600 mV) 

OVER .6 VOLT 
(600 mV) 

OPENCKT413 
OR 
FAUL TY CONNECTION 
OR 
FAULTY ECM. 

CODE 1315 INTERMITTENT. IF NO 
ADDITIONAL CODES WERE STORED, REFER TO 
•OIAGNOSTICAIDS. ON FACING PAGE. 

FAULTY 0 2 SENSOR CONNECTION 
OR 
SENSOR. 

OPENCKT 412 
OR 
FAUL TY ECM CONNECTION 
OR 
FAULTYECM. 

CLEAR CODES AND CONFIRM "CLOSED LOOP" OPERATION AND NO "SERVICE ENGINE SOON" LIG_HT. 
S-3-88 

•7S3054-6E 



6E3-A-26 2.8L (VIN S) DRIVEABIUTY AND EMISSIONS 

7-29-87 

Circuit Description: 

COOLANT TEMPERATURE 
SENSOR 

4-WAY CONNECTOR 
(REAR OF ENGINE) 

r-Q-, 

1 
<< : 410YEL 

I I 
I I 

LK! T 452 BLK 

C TOTPS 
AND MAT 
SENSOR 

CODE14 
COOLANT TEMPERATURE SENSOR CIRCUIT 

(HIGH TEMPERATURE INDlcATED) 
2.8L (VIN S) "Fn CARLINE (PORT) 

E-CM 

COOLANT SENSOR 
SIGNAL 

5V 

7-29-87 

5S2016-6E 

The coolant temperature sensor uses a thermistor to control the signal voltage to the ECM. The ECM 
applies a voltage on CKT 410 to the sensor. When the engine is cold the sensor (thermistor) resistance is high, 
therefore the ECM will see higl't signal voltage. 

As the engine warms, the sensor resistance becomes less, and the voltage drops. At normal engine 
operating temperature (85°C to 95°C} the voltage will measure about 1.5 to 2.0 volts. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 14 will set if: 

• Signal voltage indicates a coolant 
temperature above 135°C (275°F} for 3 
seconds. 

2. This test will determine ifCKT 410 is shorted to 
ground, which will cause the conditions for Code 
14. 

Diagnostic Aids: 

Check harness routing for a potential short to ground 
in CKT 410. "SCAN" tool displays engine 
temperature in degrees centigrade. After engine is 
started, the temperature should rise steadily to about 
90°C then stabilize when thermostat opens. Refer to 
"lntermittents" in Section "B". 



0 DOES "SCAN'" TOOL DISPLAY COOLANT 
TEMPERATURE OF 130°C OR ~IGHERl 

DISCONNECT SENSOR. 
"SCAN• TOOL SHOULD DISPlA Y 
TEMPERATURE BELOW-20-C. 
DOESIT? 

REPLACE SENSOR. 

DIAGNOSTIC AID 

COOLANT SENSOR 

TEMPERATURE VS. RESISTANCE VALUES 

(APPROXIMATE) 

'F "C OHMS 

210 100 185 

160 70 450 

100 38 1,800 

70 20 3.400 

40 4 7,500 

20 -7 13,500 

0 -18 25,000 

-40 -40 100,700 

DRIVEABIUTY AND EMISSIONS 2.Sl (VIN S) 6E3-A-27 

CODE14 
COOLANT TEMPERATURE SENSOR CIRCUIT 

(HIGH TEMPERATURE INDICATED) 
2.SL (VIN S) "F" CARLINE (PORT) 

CODE 14 IS INTERMITTENT. IF NO 
ADDITIONAL CODES WERE STORED, REFER 
TO "DIAGNOSTIC AIDS" ON FAONG PAGE. 

CKT 410 SHORTED TO GROUND, 
OR 
CKT 410 SHORTED TO SENSOR GROUND CIRCUIT 
OR 
FAULTYECM. 

CLEAR CODES AND CONFIRM •CLOSED LOOP" OPERATION AND NO "SERVICE ENGINE SOON• LIGHT. 
4-20-88 

e753055-6E 



6E3-A-28 2.8L (VIN S) DRIVEABIUTY AND EMISSIONS 

COOLANT TEMPERATURE 
SENSOR 

ECM 

4-WAY CONNECTOR 
(REAR OF ENGINE) COOLANT SENSOR 

SIGNAL 
.--12-, 

I<<: 410YEL SY 
I I 
I I '-------t~-~~~-~1-•1-452aK 

C 

7-29-87 

TOTPS 
AND MAT 
SENSOR' 

7-29-87 

5S2016-6E 

CODE 15 
COOLANT TEMPERATURE SENSOR CIRCUIT 

(LOW TEMPERATURE INDICATED) 
2.SL (VIN S) •F" CARLINE (PORT) 

Circuit Description: 
The coolant temperature sensor uses a thermistor to control the signal voltage to the ECM. The ECM 

applies a voltage on CKT 410 to the sensor. When the engine is cold the sensor (thermistor) resistance is high, 
therefore the ECM will see high signal voltage. 

As the engine warms, the sensor resistance becomes less, and the voltage drops. At normal engine operating 
temperature (85°C to 95°C) the voltage will measure about 1.5 to 2.0 volts at the ECM. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 15 will set if: 

• Signal voltage indicates a coolant temperature 
less than -44° C (-47° F) for 3 seconds. 

2. This test simulates a Code 14. If the ECM 
recognizes the low signal voltage, (high 
temperature) and the "Scan" reads 130°C, the ECM 
and wiring are OK. . 

3. This test will determine if CKT 410 is open. There 
should be 5 volts present at sensor connector if 
measured with a DVM. 

Diagnostic Aids: 

A "SCAN" tool reads engine temperature in 
degrees centigrade. After engine is started the 
temperature should rise steadily to about 90°C then 
stabilize when thermostat opens. 

A faulty connection, or an open in CKT 410 or 452 
will result in a Code 15. 

If Code 23 or 63 is also set, check CKT 452 for faulty 
wiring or connections. Check terminals at sensor for 
good contact. Refer to "lntermittents" in Section "B". 



DRIVEABILITY AND EMISSIONS 2.8L (VIN S) 6E3-A-29 

CODE 15 
COOLANT TEMPERATURE SENSOR CIRCUIT 

{LOW TEMPERATURE INDICATED) 
2.SL (VIN S) UF" CARLINE (PORTI 

0 • DOES •SCAN• TOOL DISPlA Y COOLANT TEMPERATURE OF -20°C OR LESS? 

0 • DISCONNECT SENSOR. 
• JUMPER HARNESS TERMINALS TOGETHER. 
• "SCAN" TOOL SHOULD DISPLAY 130°C OR MORE. 

DOESIT1 

0 • JUMPER CKT 410 TO GROUND. 
• "SCAN" TOOL SHOULD DISPLAY OVER 130"C. 

DOESm 

OPEN SENSOR GROUND 
CIRCUIT, FAUL TY CONNECTION 
OR FAULTY ECM. 

DIAGNOSTIC AID 

COOLANT SENSOR 

CODE 15 IS INTERMITTENT. IF NO 
ADDITIONAL CODES WERE STORED, REFER 
TO MoIAGNOSTIc AIos· ON FACING PAGE. 

FAUL TY CONNECTION OR SENSOR. 

OPEN CKT 410, FAULTY 
CONNECTION AT ECM, OR 
FAULTY ECM. 

TEMPERATURE TO RESISTANCE VALUES 

(APPROXIMATE) 

"F •c OHMS 

210 100 185 

160 70 450 

100 38 1,800 

70 20 3,400 

40 4 7,500 

20 -7 13,500 

0 -18 25,000 

-40 -40 100,700 

CLEAR CODES AND CONFIRM .CLOSED LOOP" OPERATION AND NO "SERVICE ENGINE sooN· LIGHT. 
4-20-88 

•753261-6E 



6E3-A·30 2.8L (VIN;S) DRIVEABIUTY AND EMISSIONS 

FRONTVIEW 
OF CONNECTOR 

IDI.E 
A 452 

THROmE 
417 POSmON B 

SENSOR 

wor· C 416 

8-4-87 

TO MAT AND. 
COOLANT 
SENSORS 

l 
BLK 

DKBLU 

DKBLU C12 

GRY 

ECM 

-
TPSSIGNAL 

BACK-UP 
MODE SIGNAL 

SVREFERENa 

7•29·87 

551374-6E 

CODE 21 
THROTTLE POSITION SENSOR (TPS) CIRCUIT 

(SIGNAL VOLTAGE HIGH) 

Circuit Desaiption: 
2.SL (VIN S) •F• CARLINE (PORT) 

The throttle position sensor (TPS) provides a voltage signal that changes relative to the throttle blade. 
Signal voltage will vary from about .5 at idle to about 5 volts at wide open throttle. 

The TPS signal is one of tile most important inputs used by the ECM for fuel control and for most of the 
ECM control outputs. 

Test Desuiption: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 21 will set if: 

• Engine is running 
• TPS signal voltage is greater than 2.5 volts 
• Air flow is less than 12 gm/sec. 
• All conditions met for 5 seconds. 

OR 
• TPS signal voltage over 4.5 volts with ignition 

"ON". 
The TPS has an auto zeroing feature. If the 

voltage reading is within the range of0.35 to 0.7 volts, 
the ECM will use that value as closed throttle. If the 
voltage reading is out of the auto zero range at closed 
throttle, refer to "TPS Adjustment" in Section "6E3-
Cl". 

2. With the TPS sensor disconnected, the TPS 
voltage should go low if the ECM and wiring is 
OK. 

3. Probing CKT 452 with a test light checks the 5 
volt return circuit, because a faulty 5 volt return 
will cause a Code 21. 

Diagnostic Aids: 

A "SCAN" tool reads throttle position in volts. 
Voltage should increase at a steady rate as throttle is 
moved toward WOT. 

An open in CKT 452 will result in a Code 21. 
Refer to "lntermittents" in Section "B". 



-DRIVEABILITY AND EMISSIONS 2.8L (VIN S) 6E3-A-31 

0 • THROTILE Q.OSED. 

CODE 21 
THROTTLE POSITION SENSOR (TPS) CIRCUIT 

(SIGNAL VOLTAGE HIGH) 
2.BL {VIN S) •F• CARLINE (PORTI 

DOES •sCAN• TOOL DISPLAY TPS OVER 2.5 VOL TS? 

© • DISCONNECT SENSOR. •sCAN• TOOL SHOULD 
DISPLAY TPS BELOW .2 VOLT (200mV). 
DOESm 

© • PROBE SENSOR GROUND ORQJIT 
WITH A TEST LIGHT CONNECTED TO 
BATTERY VOLTAGE. 

FAULTY CONNECTION 
OR 
SENSOR. 

CODE 211S INTERMITTENT. IF NO ADDITIONAL CODES WERE 
STORED, REFER TO ·olAGNOSTIC Alos· ON FACING PAGE. 

CKT 417 SHORTED TO VOLTAGE 
OR 
FAULTYECM. 

OPEN SENSOR GROUND ORCUIT 
OR 
FAULTYECM. 

CLEAR CODES ANO CONFIRM ·aosm LOOP. OPERATION AND NO ·sERVICE ENGINE SOON. LIGHT. 
3-9-88 

•7S3057-6E 



6E3-A-32 2.8L (VIN S) DRIVEABILITY AND EMISSIONS 

IDLE 

THROmE 
POSmON 
SENSOR 

8-4-87 

FRONTVIEW 
OF CONNECTOR 

A 

8 

C 

452 

417 

416 

TOl\4ATAND 
COOLANT 
SENSORS 

l 

ECM 

BLJ< 

-
DKBLU C13 TPSSIGNAL 

DKBLU C12 BACK-UP 
MODE SIGNAL 

GRY 5V REFERENCE 

7-29-87 

551374-6E 

CODE 22 
THROTTLE POSITION SENSOR (TPS} CIRCUIT 

(SIGNAL VOLTAGE LOW) 

Circuit Description: 
2.SL (VIN S) UF" CARLINE (PORT) 

The throttle position sensor (TPS) provides a voltage signal that changes relative to the throttle blade. 
Signal voltage will vary from about .5 at idle to about 5 volts at wide open throttle. 

The TPS signal is one of the most important inputs used by the ECM for fuel control and for most of the 
ECM control outputs. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 22 will set if: 

• · Engine running 
• TPS signal voltage is less than about .2 volt for 

3 seconds. 
2. Simulates Code 21: (high voltage) If the ECM 

recognizes the high signal voltage the ECM and 
wiring are OK. 

3. The TPS has an auto zeroing feature . If the 
voltage reading is within the range of 0.35 to 0.7 
volts, the ECM will use that value as closed 
throttle. If the voltage reading is out of the auto 
zero range at closed throttle, refer to "TPS 
Adjustment" in Section "6E3-Cl". 

4. This simulates a high signal voltage to check for 
an open in CKT 417. 

Diagnostic Aids: 

A "Scan" tool reads throttle position in volts. 
Voltage should increase at a steady rate as throttle 
is moved toward WCYr. 

An open or short to ground in CKTs 416 or 417 
will result in a Code 22. 

Refer to "Intermittents" in Section "B". 



DRIVEABIUTY AND EMISSIONS . 2.8L (VIN 5) 6E3-A-33 

CODE22 
THROTTLE POSITION SENSOR (TPS) CIRCUIT 

(SIGNAL VOLTAGE LOW} 
2.SL (VIN S) "F" :CARLINE (PORT) 

THROTTLE Q.OSED. 
DOES •sCAN• DISPLAY TPS .2V (200 mV) OR BELOW? 

© • DISCONNECT TPS SENSOR. 
• JUMPERCKTS416&417TOGETHER. 

·sCAN- SHOULD DISPLAY TPS OVER 4.0 V (4000 mV). 
DOES IT? 

PROBE CKT 417 WITH A TEST LIGHT 
CONNECTED TO BATTERY VOLTAGE. 
•sCAN• TOOL SHOULD DISPLAY TPS OVER 
4.0V (4000 mV). 
DOESITI 

CKT 416 OPEN OR SHORTED TO GROUND 
OR 
FAULTY CONNECTION 
OR 
FAULTYECM. 

• CODE 22 IS INTERMITTENT. 
IF NO ADDITIONAL CODES WERE STORED, REFER TO 
•DIAGNOSTIC AIDS• ON FAONG PAGE. 

G) • REFER TO FAONG PAGE FOR 
SPECIFIC INSTRUCTIONS. 

CKT 417 OPEN OR SHORTED TO GROUND, OR 
SHORTED TO SENSOR GROUND ORCUJT 
OR 
FAUL TY ECM CONNECTION 
OR 
FAULTY ECM. 

Q.EAR CODES AND CONFIRM ·a.oSED Loop• OPERATION AND NO -sERVICE ENGINE SOON" LIGHT. 
3-10-88 

•7S3365-6E 



6E3 .. A-34 2.SL (VIN S) DRIVEABILITY AND EMISSIONS 

MAT SENSOR 

ECM 

MAT SENSOR SIGNAL 

5V 

TO TPS AND COOLANT 
SENSORS 7-29-87 

*5516296E 6-2-88 

CODE 23 
MANIFOLD AIR TEMPERATURE {MAT). SENSOR CIRCUIT 

(LOW TEMPERATURE INDICATED) 
2.8L {VIN S) .. F .. CARLINE {PORT) 

Circuit Description: 
The MAT sensor uses a thermistor to control the signal voltage to the ECM. The ECM applies a voltage 

(about 5 volts) on CKT 472 to the sensor. When the air is cold the sensor (thermistor) resistance is high, 
therefore the ECM will see a high signal voltage. If the air is warm the sensor resistance is low, therefore, the 
ECM will see a low voltage. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
l. Code 23 will set if: 

• A signal voltage indicates a manifold air 
temperature below - 35°C (-31°F) for 3 
seconds. 

• Time since engine start is 8 minutes or longer. 
• NoVSS. 

2. A Code 23 will set, due to an open sensor, wire, or 
connection. This test will determine if the wiring 
and ECM are OK. 

3. This will determine if the signal CKT 472 or the 
5V return CKT 452 is open. 

Diagnostic Aids: 

A "SCAN" tool reads temperature of the ait 
entering the engine and should read close to ambienf 
air temperature when engine is cold, and rises af 
underhood temperature increases. 

A faulty connection, or an open in CKT 472 or 45~ 
will result in a Code 23. 

Refer to "Intermittents" in Section "B". 



DRIVEABILITY AND EMISSIONS 2.SL (VIN S) 6E3-A-35 

CODE 23 
MANIFOLD AIR TEMPERATURE .(MAi) SENSORCIRCUIT 

(LOW TEMPERATURE INDICATED) 
2.SL (VIN S) "F" CARLINE (PORT) 

1 • DOES •SCAN• TOOL DISPLAY MAT-30°C OR COLDER? 

• JUMPER HARNESS TERMINALS 

TOGETHER. 

• ·scAN. TOOL SHOULD DISPLA y 

TEMPERATURE OVER 130°C . 

DOESITI 

DIAGNOSTIC AID 

MAT'SENSOR 

TEMPERATURE VS."RESISTANCE VALUES 

(APPROXIMA TI) 

"F "C OHMS 

210 100 185 

160 70 450 

100 38 1,800 

70 20 3,400 

40 4 7,500 

20 .7 13,500 

0 -18 25,000 

-40 -40 100,700 

. CODE 23 IS INTERMITTENT. IF NO 

ADDITIONAL CODES WERE 

STORED, REFER TO ".DIAGNOSTIC 

Atos· ON .fACNG PAGE. 

0 • JUMPER CKT 472 TO GROUND. 
• ·scAN. TOOL SHOULD DISPLA y 

TEMPERATURE OVER 130-C. 

DOESIT? 

OPEN SENSOR 

GROUND CIRCUIT, 

FAULTY CONNECTION 

OR FAUL TY ECM. 

OPEN CKT 472, 

FAULTY CONNECTION 

OR FAUL TY ECM. 

a.EAR CODES AND CONFIRM ·a.oSEO Loop• OPERATION AND NO ·seRVICE ENGINE SOON· LIGHT. 
9-21-87 
•753285-6E 



6E3-A-36 2~8L (VIN S) DRIVEABILITY AND EMISSIONS 

VEHICLE SPEED 
SENSOR TO CRUISE 

CONTROL 
ECM 

I.P. 
VSSSIGNAL 

CONNECTOR 

"--------~ .. ~-- BRN 437 
K 

P/NSWITCH 
[l] li:J ID r&il ml 00 Cii1 

!ID IEI [ID III 111 ttl r BLK/WHT 450 -e "'-- ORN/BLK 434 

_L CLOSEDIN 
15-WAY .I.P. CONNECTOR 

7-29-87 

PARK OR NEUTRAL 
5-20-88 

*753378-oE 

CODE 24 
VEHICLE SPEED SENSOR (VSS) CIRCUIT 

2.SL (VIN S) "F" CARLINE (PORT) 
Circuit Description: 

The ECM applies and monitors 12 volts on CKT 437. CKT 437 connects to the vehicle speed sensor buffer 
which alternately grounds CKT 437 when drive wheels are turning. This pulsing action takes place about 2000 
times per mile and the ECM will calculate vehicle speed based on the time between "pulses". 

A .. SCAN" tool reading sh~ld closely match with speedometer reading with drive wheels turning. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 24 will set if: 

• CKT 437 voltage is constant. 
• Engine speed between 1400 and 3600 rpm. 
• Less than 2% throttle opening. 
• Low load condition (low air flow). 
• Not in park or neutral. 
• All conditions must be met for 3 seconds. 
These conditions are met during a road load 
deceleration. 

2. A voltage of less than I volt at the 15-way 
connector indicates that the CKT 437 wire may be 
shorted to ground. Disconnect CKT 437 at the 
VSS buffer. If voltage now reads above 10 volts, 
the VSS buffer is faulty. 

If voltage remains less than 10 volt, then CKT 43-_ 
wire is grounded or open. If 437-is not grounded 01 

open, check for a faulty ECM connector or ECM. 

Diagnostic Aids: 

If "Scan" displays vehicle speed, check 
park/neutral switch CHART C-lA on vehicle witli 
auto trans. If switch is OK, check for intermitten1 
connections. An open or short to ground in CKT 431 
will result in a Code 24. If the customer alsc 
complained about a loss of mph on the LP .• check thE 
P.M. generator circuit. Refer to Section "SA" fo1 
complete wiring diagram. 

Refer to "Intermittents" in Section ~l3'-'. 



0 

0 

DRIVEABILITY AND EMISSIONS 2.8L (VIN S) 6E3-A-37 

CODE 24 
VEHICLE SPEED SENSOR (VSS) CIRCUIT 

2.BL (VIN S} "F" CARLINE (PORT} 

NOTE: TO PREVENT MISDIAGNOSIS, THE TECHNIOAN SHOULD REVIEW ELECTRICAL SECTION •aA • OR 

THE ELECTRICAL TROUBLESHOOTING MANUAL AND IDENTIFY THE TYPE OF VEHICLE SPEED 

SENSOR USED PRIOR TO USING THIS CHART. DISREGARD CODE 24 If SET WHEN DRIVE WHEELS 

ARE NOT TURNING. 

• ASSUMES SPEEDOMETER IS WORKING OK. 
• RAISE DRIVE WHEELS. 
• WITH ENGINE IDLING IN GEAR, "SCAN• SHOULD 

DISPLAY MPH ABOVE 0. 
DOESm 

• ENGINE STILL IDUPJG IN GEAR. 
• BACKPROBE CKT 439' AT IP CONNECTOR WITH 

VOLTMETER TO GROUND. 
• IS VOLTAGE VARYING BETWEEN 1 AND 12 VOLTS 1 

• IGNITION •OFF•. 
• DISCONNECT VSS BUFFER 
• IGNITION •ON." 
• BACK PROBE CKT 437 AT IP CONNECTOR WITH 

VOLTMETER TO GROUND. 
• SHOULDDISPLAY10VOLTSORMORE. 

DOESm 

CICT 437 OPEN BETWEEN IP 15-WAY CONNECTOR 
AND VSS BUFFER CONNECTOR 
OR 
FAULTY BUFFER. 

CODE 2415 INTERMITTENT. IF NO 
ADDITIONAL CODES WERE STORED, 
REFER TO • DIAGNOSTIC AIDS• 
ON FAONG PAGE. 

FAULTYECM 

CKT 437 SHORTED TO GROUND, OPEN 
BETWEEN ECM AND IP 15-WAY CONNECTOR 
OR 
FAULTY ECM. 

CLEAR CODES AND CONFIRM ·a.osED LOOP- OPERATION AND NO .SERVICE ENGINE SOON- LIGHT. 
1-6-88 

•8S4684-6E 



6E3-A-38 2.SL (VIN S) DRIVEABILITY AND EMISSIONS 

MAT SENSOR 

ECM 

MAT SENSOR SIGNAL 

5V 

TO TPS AND COOLANT 
SENSORS 7-29-87 

*5516296E 6-2-88 

CODE 25 
MANIFOLD AIR TEMPERATURE (MAT) SENSOR CIRCUIT 

(HIGH TEMPERAT~RE INDICATED) 
2.SL (VIN S) uF" CARLINE (PORT) 

Circuit Description: 
The manifold air temperature sensor uses a thermistor to control the signal-voltage to the ECM. The ECM 

applies a voltage (about 5 volts) on CKT 472 to the sensor. When manifold air is cold, the sensor (thermistor) 
resistance is high, therefore the ECM will see a high signal voltage. As the air warms, the sensor resistance 
becomes less, and the voltage drops. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 25 will set if: 

• Signal voltage indicates a manifold air 
temperature greater than 145°C (293° F) for 3 
seconds. 

• Time since engine start is 8 minutes or longer. 
• A vehicle speed is present. 

Diagnostic Aids: 

A "SCAN" tool reads temperature of the air 
entering the engine and should read close to ambient 
air temperature, when engine is cold, and rises as 
underhood temperature increases. 

A short to ground in CKT 472 will result in a Code 
25. 

Refer to '1ntermittents" in Section "B". 



DRIVEABILITY AND EMISSIONS 2.8L (VIN S) 6E3-A-39. 

CODE25 
MANIFOLD AIR TEMPERATURE (MAn SENSOR CIRCUIT 

{HIGH TEMPERATURE INDICATED) 
2.8L (VIN S) •Fn CARLINE (PORT) 

0 • DOES •SCAN• TOOL OISPLA Y MAT OF 145"C OR HOTTER? 

• DISCONNECT SENSOR. 
•sCAN. TOOL SHOULD OISPLA Y 
TEMPERATURE BELOW ·30-C. 
00Es1n 

DIAGNOSTIC AID 

MAT SENSOR 

TEMPERATURE VS. RESISTANCE VALUES 

(APPftOXIMATE) 

"F "C OHMS 

210 100 185 

160 70 450 

100 38 1,800 

70 20 3,400 

40 4 7,500 

20 -7 13,500 

0 -18 25,000 ..., ..., 100,700 

CODE 25 IS INTERMITTENT. 
If NO ADDmONAL CODES WERE 
STORED, REFER TO •DIAGNOSTIC 
Alos· ON FAONG PAGE. 

CKT 472 SHORTED TO GROUND, 
OR TO SENSOR GROUND, 
OR ECM IS FAULTY. 

Q.EAR CODES AND CONFIRM ·a.oSED LOOP· OPERATION AND NO ·sERVICE ENGINE SOON- LIGHT. 11-23-87 
753190-6E 



6E3-A-40 2.8L (VIN S) DRIVEABILITY AND EMISSIONS 

PORTED 
MANIFOLD 
VAQJUM 

IGN. 

N.O. 

VENT FILTER 

I.P. CONN. •G~ 

--- 39 BLIC/PNK 

----435GRY 

__ ":.-:,-:,-:.,-:_-:,-:,-:,-:_.-K◄E------+-----t D 450 BLK/WHT 

EGR VAQJUM DIAGNOSTIC SWITCH CONTROL - -= 
7-29-87 ORQJITRY 

CODE 32 

GAGES 

Circuit Description: 

EXHAUST GAS RECIRCULATION (EGR) CIRCUIT 
2.8L (VIN S) ,.F" CARLINE (PORTI 

ECM 

12V 7 
SWITCH SIGNAL -= 

7-29-87 . 
5S2015-6E 

The EGR vacuum control uses an ECM controlled solenoid. The solenoid is normally closed and the vacuum 
source is a ported signal. The ECM will turn the EGR "ON" and "OFF" (Duty Cycle) by grounding CKT 435. 
The duty cycle is calculated by the ECM based on information from the coolant and mass airflow sensor and 
engine rpm. The duty cycle should be 0% (no EGR) when in park or neutral, TPS input below a specified value, 
or TPS indicating WOT. 

With the ignition .. ON", engine stopped, the EGR solenoid is de-energized unless the diagnostic terminal is ._ 
grounded. 

Code 32 means that the EGR vacuum diagnostic switch was closed during start-up, or that the switch was 
not detected closed under the following conditions. 

• Coolant temperature greater than 80° C (176°F). 
• EGR duty cycle commanded by the EC~ is greater than 55%. 
• TPS less than half throttle, but not at idle. 
• All conditions above must be met for 5 seconds. 
If the switch is detected closed during start-up, or, if the switch is detected open when the above conditions 

are met, the "Service Engine Soon" light will remain "ON" unless the switch changes state. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. If the first step caused Code 32 to set, then the 

ECM has recognized a closed vacuum switch on 
start-up. This test will determine whether the 
EGR vacuum diagnostic switch is the cause or if' 
the wiring or the ECM is the cause. 

2. With the ignition "ON", the solenoid should not be 
energized and vacuum should not pass to the EGR 
valve. 

3. To this point the EGR solenoid and valve are OK 
and the following check will check the diagnostic 
vacuum switch portion of the system. 

4. The diagnostic switch should close at about 2" of 
vacuum. With vacuum applied, the switch should 
close and resistance go to Ii.ear zero ohms and the 
vacuum should hold. 



DRIVEABIUTY AND EMISSIONS 2.8L (VIN S) 6E3-A-41 

CODE ·32 
BEFORE USING THIS CHART, CHECK FOR PORTED VACUUM TO EGR EXHAUST GAS RECIRCULATION 

SOLENOID ,ALSO CHECK HOSES FOR LEAKS OR RESTRICTlONS. (EGR) CIRCUIT 
SHOULD BE AT LEAST 23.64 lcPa (7-, HG VACUUM AT 2000 RPM. 2.8L (VIN S) UF" CARLINE 

(PORT) 
• IGNmON ·oFr. O.EAR CODES. 
• START ENGINE. AND IDLE FOR 30 SECONDS OR UNTIL CODE 32 SETS. 

I 
■ -

NOCODE32 j CODE32 I 
■ 

2) • DtSCONNECT EGR SOLENOID VACUUM HARNESS • 0 • 0.EAR CODES • 
• ROTATE HARNESS AND REINSTALL ONLY THE EGRVALVE • DISCONNECT EGR SOLENOID 4-WA Y 

SIDE. CONNECTOR. 
• IGNmON ·oN· • ENGINE STOPPED • • REPEAT TEST. 
• INSTALL A HAND HELD VACUUM PUMP WITH GAGE TO 

MANIFOLD SIDE OF EGR SOLENOID. 
• APPLY VACUUM AND OBSERVE EGRVALVE. 
• VALVE SHOULD NOT MOVE. 

I I I I 

VALVE DOES NOT MOVE VALVE MOVES I NOCODE32 I CODE32 I 
I I ■ I 

• GROUND DIAGNOSTIC • DISCONN£CT EGR SOLENOID CHECK FOR A STUCK CHECK CKT 997FOR 
TERMINAL ELECTRICAL CONNECTOR. CLOSED SWITCH. IF NOT SHORT TO GROUND. IF 

• REPEATTEST. • REPEATTEST. Q.OSED. IT IS FAULTY NOT SHORTED IT IS A 

I 
WIRING OR CONNECTIONS. FAULTY ECM. 

I ■ I 
VALVE MOVES I VALVE DOES NOT MDV£ I VALVE MOVES l VALVE DOES I 1 I 

NOTMOVE 

'3"' • DISCONNECT EGR 4- • DISCONNECT EGR 4-WA Y FAULTY EGR I CHECK CKT 435 FOR 
~ WAY CONNECTOR. CONNECTOR SOLENOID SHORT TO GROUND. IF 

• CONNECT • CONNECT TEST LIGHT BETWEEN OK, ITIS A FAULTY 
VOLTMETER HARNESS TERMINALS •A• & •a-. ECM. SEE ECM QUAD 
BETWEEN ·c· & ·D-. T DRIVER CHECK (CHART 

• IGNmON ·oN·. .- ■ 
C·1) • 

LIGHT-oN· I LIGHT ·OFF- I 
■ -

• CONNECT VACUUM PUMP TO EGR VALVE. I CONNECT TEST LIGHT 
• APPLY VAOJUM AND OBSERVE VALVE. BETWEEN •A• AND 

I 
GROUND. -I I I ■ I 

OVER 10 VOLTS I UNDER 10 VOLTS VALVE MOVES VALVEDOES I NO I LIGHT I 
I NOTMOVE LIGHT 

I I ■ ■ 

~ • CONNECT OHMMETER CONNECT FAULTY HOSE REPLACE I REPAIR REPAIR OPEN 
ACROSS TERMINALS VOLTMETER OR CONNECTION EGRVALVE OPEN CKT435.IF 
·c- &·D-oF BETWEEN TERMINAL BETWEEN EGR CKT39. NOT OPEN, IT IS 
SOLENOID. •c- AND CHASSIS SOLENOID AND A FAUL TY ECM. 

• APPLY 23.64 kPa (7•) GROUND. EGRVALVEOR SEEECMQUAD 
VACUUM TO VACUUM 

l 
FAULTYEGR DRIVER CHECK 

. DIAGNOSTIC SWITCH. SOLENOID . (CHARTC-1). 
• NOTE RESISTANCE. 

I I - '■ 

LOWRESISTANCE I HIGH RESISTANCE OVER 10 VOLTS UNDER 10 VOLTS I 
(SWITCH aOSED) (SWITCH OPEN) I ■ 

PROBLEM IS FAULTY SWITCH, I REPAIR OPEN I CHECK CKT 997 FOR 
INTERMITTENT, CHECK WIRING OR GROUND CKT 450. OPEN. IF NOT OPEN, IT 
ALL CONNECTIONS AND CONNECTIONS. IS A FAUL TY ECM. SEE 
TERMINALS. ECM QUAD DRIVER 

CHECK (CHART C· 1 ). 

7-29-87 
551602-6E 



6E3-A-42 2.8L (VIN S) DRIVEABIUTY AND EMISSIONS 

MAF 
RELAY CONN. 

[l) fiu IIJ liiil [ii m::J [i] 

111 rom:1 CEJ ca mi 

IJI. HARNESS CONNECTOR 
15 WAY. (FRONT VIEW) 

MAF SENSOR CONNECTOR 

MAFSENSOR 

BATTERY+-, 

IIED 
IGN 1 

GAGE 

I •••••••• I 

I • FUSE 

LP. 

BRN 
902 

: &HOLDER 

G CONNECTOR E 

39 --~ 
BlKIPNK--B-rJ'~....,_.,.-l!i-

450 
BLK 

NG.GNO-

BRN/WHT528 

TO A/C D F 450 Bl.lC/WHT & 
RELAY O NG. GNO-

TO EGR & MAF REL.A Y 
6-2-88 CCP SOI.ENOIDS 

Circuit Description: 

CODE33 
MASS AIR FLOW (MAF) SENSOR CIRCUIT 

(GM/SEC HIGH) 
2.8L (VIN S) "F" CARLINE (PORT) 

ECM 

6S2971 

7-14-87 

The MAF sensor measures the flow of air entering the engine. The sensor produces a frequency output 
between 32 and 150 hertz (3gm/sec to 150gm/sec). A large quantity (high frequency) indicates acceleration, and 
a small quantity (low frequency) indicates deceleration or idle. This information is used by the ECM for fuel 
control and is converted _by a .. Scan" tool to read out the air flow in grams per second. A normal reading is about 
4-7 grams per second at idle and increases with rpm. 

The MAF sensor is powered up by the MAF sensor relay and the sensor should have power supplied to it 
anytime the ignition is .. ON". The MAF sensor is located in the air duct. 

Test Desaiption: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 33 will set if: 

• . lgn .. ON" and air flow exceeds 20gm/sec. 
OR 

• Engine is running less than 1300 rpm. 
• TPS is 8% or less. 
• Air flow greater than 20 grams per second 

(high frequency). 
• All of the above are met for 2 seconds. 

Diagnostic A,ids: 

The "Scan" tool is not of much use in diagnosing 
this code because when the code sets gm/sec will be 
displaying the default value. However, the .. Scan" 
may be useful in comparing the signal of a problem 
vehicle with that of a known good running one. 

Refer to "lntermittents" in Section '"B". 



0 • CLEAR CODES. 

DRIVEABIUTY AND EMISSIONS 2.IL (VIN S) 6E3-A-43 

CODE33 
MASS AIR FLOW (MAF) SENSOR CIRCUIT 

(GM/SEC HIGH} 
2.SL (VIN S) "F" CARLINE (PORT) 

• IDLE ENGINE FOR 1 MINUTE OR UNTIL CODE 33 SETS. 
DOES CODE 33 SET? 

REPLACE MAF SENSOR I 

NO I 

CODE 33 IS INTERMITTENT. 
REFER TO .DIAGNOSTIC AIDS

°" FACING PAGE. 

CLEAR CODES AND CONFIRM ·noSED LOOP- OPERATION AND NO ·sERVICE ENGINE SOON .. LIGHT. 6-2-87 
* 7S3149-6E 



6E30:A.;.44 2-.SL (VIN.S) DRIVEABILITY AND .EMISSIONS 

• MAF 
RELAY CONN. 

Dl liu [CJ wl Iii 00 [i] 

111 r.o cm CEJ m m::1 

I.P. HARNESS CONNECTOR 
15 WAY. (FRONT VIEW) 

MAF SENSOR CONNECTOR 

BATTERY +-, 
M!D 

IGN 1 

GAGE 

G 

39 

• • • • • • • • • I . FUSE 
: &HOLDER 

BRN 
902 

MAFSENSOR 

,so 
ILK 

BRN/WHT52B 

ECM 

BLK/PNk -iltT~~~"'f-.,W:...F_ •50 BlK/WHT i 
TOA/C D 

RELA y O NG. GND-

TO EGR & MAF RELAY 652978 
7-1iH7 6-2-88 CCP SOLENOIDS 

CODE 34 
MASS AIR FLOW (MAF) SENSOR CIRCUIT 

(GM/SEC LOW) 
2.SL (VIN S) 11F" CARLINE (PORT) 

Circuit Description: 
The MAF sensor measures the flow of air entering the engine. The sensor produces a frequency output 

between 32 and 150 hertz (3gm/sec to 150gm/sec). A large quantity (high frequency) indicates acceleration, and 
a small quantity (low frequency) indicates deceleration or idle. This information is used by the ECM for fuel 
control and is converted by a "SCAN" tool to read out the air flow in grams per second. A normal reading is 
about 4-7 grams per second at idle and increase with rpm. . 

The MAF sensor is powered up by the MAF sensor relay and the sensor should have power supplied to it 
anytime the ignition is-"ON". The MAF sensor is located in the air duct. · 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 34 will set if: 

• Engine running 
• MAF sensor disconnected, faulty relay, or 

MAF signal circuit shorted to ground. 
OR 

• Air flow less than 2 grams per second (low 
frequency). 

A loose or damaged air duct can set Code 34. 
This test checks to see if ECM recognizes a 
problem. A light "OFF" at this point indicates an 
intermittent problem. 

2. Checks to see if 5 volt reference signal from ECM 
is at MAF sensor harness connector. 

3. Checks for 12 volt supply to MAF sensor. 
4. Checks for open in 12 volt supply to relay. 

Diagnostic Aids: 

The .. Scan,, tool is not of much use in diagnosing 
this code because when the code sets gm/sec will be 
displaying the default value. However, the "Scan" 
may be useful in comparing the signal of a problem 
vehicle with that of a known good running one. 

Check for loose or damaged air duct . 
Inspect sensor and relay connections as an ope.. 

will result in a Code 34. 
Refer to "Intermittents" in Section "B". 



DRIVEABIUTY AND EMISSIONS 2.8t · (VIN S) 6E3.;A-45 

CODE34 0 • CHECK FOR LOOSE OR DAMAGED AIR DUCT 
BETWEEN MAF-SENSOR AND THROTILE 
IODY. 

• CLEARCODES. 
• START AND IOU ENGINE FOR 1. MINUTE OR 

UNTIL CODE 34 SETS. 

MASS AIR FLOW (MAF) SENSOR CIRCUIT 
(GM/SEC LOW) 

DOESC0DESm 

IGNmoN-oFF.-
• DISCONNECT MAF SENSOR ELECTRICAL CONNECTOR. 
• IGNITION •oN: ENGINE STOPPED. 
• CONNECTV0LTMETERBETWEEN HARNESS 

CONNECTOR TERMINAL •a- (CKT 528) AND GROUND. 
• SHOULD READ4-6 VOLTS. 

DO£Sm 

CONNECT TEST LIGHT BETWEEN 
HARNESS CONNECTOR 
TERMINALS •A• AND •c-. 

0 CONNECT TEST LIGHT BETWEEN HARNESS 
CONNECTOR TERMINAL• A• AND CHASSIS GROUND. 

0 • DISC0NNECTMAFRELAY,IGNITION •ON,• 
• CONNECT A TEST LIGHT BETWEEN TERMINAL 

•A• ANDGND ANDTERMINAL •r ANDGND. 

NO LIGHT ON ONE OR BOTH 

REPAIR OPEN IN ORCUrT 
THAT DID NOT LIGHT. 

2.8L (VIN S) "F" CARLINE (POR11 

CODE341S 
INTERMITTENT. REFER 
TO ·DIAGNOSTIC AIDS· 
ON FAONG PAGE. 

CICT 528 OPEN, CKT 528 SHORTED TO 
SHORTED TO GROUND, VOLTAGE OR FAULTY ECM. 
OR FAULTY ECM. 

FAUL TY MAF SENSOR CONNECTION OR SENSOR. 

0PENCKT450 

UGHT0NB0TH 

CONNECT TEST LIGHT 
BETWEEN TERMINALS 
•A• AND •F•(GND). 

REPAIR OPEN CKT 940 OPEN SHORTED TO 
GROUND WIRE 450. GROUND, OR THE MAF RELAY IS 

FAULTY. 

CLEAR CODES AND CONFIRM •CLOSED LOOP• OPERATION AND NO •sERVICE ENGINE SOON• LIGHT. S-26-88 
551635-6E 
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7-29-87 

Circuit Description: 

ENGINE 

_GROUND D 

CODE41 
CYLINDER SELECT ERROR 

(FAULTY OR INCORRECT MEM-CAL) 
2.BL (VIN S} 11 F" CARLINE (PORT} 

ECM 

6CYLMODE 

8CYLM9DE 

7-29-87 
5S 1636-&E 

Due to the ECM being used for different engines, it is necessary for the engine application to be selected . .. 
This is done by leaving "Bl2" and "D3" open for a six cylinder engine. 

A Code 41 will set if the rei'tirence pulses are not equal to a value selected within the PROM when engine 
rprn's are below 2000. This code may set if the incorrect PROM is installed into the ECM. 
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• IGNmoN-oFr,CLEARCOOES. 

CODE41 
CYLINDER SELECT ERROR 

(FAULTY OR INCORRECT MEM-CAL) 
2.BL (VIN S) ,.F" CARLINE (PORn 

• START ENGINE AND IDLE FOR I MINUTE OR UNTIL CODU 1 SETS. 
• DOES CODE 41 SETI 

• THERE SHOULD BE NO WIRES 
CONNECTED TO ECM TERMINALS 
•112• OR •DJ". 

• CHECK FOR CORRECT PROM. 
• If FOUND TO BE THE CORRECT 

PROM, THE ECM IS FAULTY. 

CODE 41 IS INTERMITTENT. IF NO OTHER 
CODES WERE STORED, REFER TO 
"INTERMITTENTS" IN SECTION "a". 

DISCONNECT WIRES 
FROM CONNECTOR. 

7-29--87 
5S1637-4iE 
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·c· 

"+" f- / BLK. 
~CONN. 

IGN.~ GRY. 
. CONN. 

IGNITION COIL TACH 
CONNECTOR • 

IGN 

GRY 
CONN. 

GRYCONN. 
7-29-87 

DISTRIBUTOR CONNECTOR 

9 
,__ ______ 423 WHT 

'--------430PPLWHT 

'------<~-- 424 TAN/BLK 
SETTIMING _.-

,__CO_N_N_E_CT_O_R ____ 453 BLK/RED 

ECM 

11-17-87 
5S 1786-6E 

CODE42 
ELECTRONIC SPARK TIMING (EST) CIRCUIT 

2.8L (VIN S) "F" CARLINE (PORT) 
Circuit Description: 

When the system is running on the ignition module, that is, no voltage on the bypass line, the ignition 
module grounds the EST signal. The ECM expects to see no voltage on the EST Line during this condition. If it 
sees a voltage, it sets Code 42 and will not go into the EST mode. 

When the rpm for EST is reached (about 400 rpm), and bypass voltage applied, the EST should on longer be 
grounded in the ignition module so the EST voltage should be varying. 

If the bypass line is open or grounded, the ignition module will not switch to EST mode so the EST voltage 
will be low and Code 42 will be set. 

If the EST line is grounded, the ignition module will switch to EST, but because the line is grounded there 
will be no EST signal. A Code 42 will be set. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 42 means the ECM has seen an open or short 

to ground in the EST or bypass circuits. This test 
confirms Code 42 and that the fault causing the 
code is present. 

2. Checks for a normal EST ground path through the 
ignition module. An EST CKT 423 shorted to 
ground will also read less than 500 ohms; 
however, this will be checked later. 

3. As the test light voltage touches CKT 424, the 
module should switch causing the ohmmeter to 
"overrange" if the meter is in the 1000-2000 ohms 
position. Selecting the 10-20,000 ohms position 
will indicate above 5000 ohms. The important 
thing is that the module "switched". 

4. The module did not switch and this step checks for: 
• EST CKT 423 shorted to ground. 
• Bypass CKT 424 open. 
• Faulty ignition module connection or module. 

5. Confirms that Code 42 is a faulty ECM and not an 
intermittent in CKTs 423 or 424. 

Diagnostic Aids: 

The "Scan" tool does not have any ability to help 
diagnose a Code 42 problem. 

A PROM not fully seated in the ECM can result in 
a Code 42. 

Refer to "lntermittents" in Section "B". 
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CODE42 
ELECTRONIC SPARK TIMING (EST) CIRCUIT 

2.8L (VIN S) HF" CARLINE (PORT) 

• aEAR CODES. 
• IDLE ENGINE FOR 1 MINUTE OR UNTIL CODE 42 SETS. 

DOES CODE 42 SETI 

IGNmON ·oFF •• 
DISCONNECT ECM CONNECTORS. 

• lGNmON "ON•. 
• OHMMETER SELECTOR SWITCH IN THE 1000 TO 2000 

OHMS RANGE. 
• PROBE ECM HARNESS CONNECTOR CKT 423 WITH AN 

OHMMETER TO GROUND. 
IT SHOULD READ LESS THAN 500 OHMS. 
ooesm 

• PROBE ECM HARNESS C!ONNECTOR CKT 424 WITH 
A TEST LIGHT TO BATTERY VOLTAGE. 

G) • WITH OHMMETER STILL CONNECTED TO ECM HARNESS CKT 
423 AND GROUND. AGAIN PROBE ECM HARNESS CKT 424 
WITH THE nsT LIGHT CONNECTED TO BATTERY VOLTAGE. 
(AS TEST LIGHT CONTACTS CKT 424, RESISTANCE SHOULD 
SWITCH FROM UNDER 500 TO OVER 5,000 OHMS,) 
ooEsm 

• DISCONNECT DIST. 4-WAY CONNECTOR. NOTE 
OHMMETER Tl:IA TIS STILL CONNECTED TO CKT 423 AND 
GROUND. RESISTANCE SHOULD HAVE GONE HIGH (OPEN 
CIRQJIT). 
DOESm 

CICT 424 OPEN, FAUL TY 
CONNECTIONS OR FAULTY 
IGNITION MODULE. 

CICT423 
SHORTED TO 
GROUND. 

CODE 42 INTERMlmNT. REFER TO 
.DIAGNOSTIC AIDS· ON FAONG PAGE. 

OPEN CKT 423, FAULTY CONNECTION 
OR FAUL TY IGNITION MODULE. 

• DISCONNECT IGNITION MODULE 4•WAY CONNECTOR. 

FAUL TY IGNmON 
MODULE. 

• RECONNECT ECM AND IDLE ENGINE FOR 
ONE MINUTE OR UNTIL CODE 42 SETS. 
DOES CODE sen 

CODE 42 INTERMITTENT. 
REFER TO "DIAGNOSTIC 
AIDS. ON FACING PAGE. 

aEARCODES ANDCONFIRM .CLOSEDLOoP· OPERATION ANO NO ·SERVla ENGINE SOON. LIGHT. 
3-7-88 

• 7S 3291-4iE 
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ECM 

,----<4~-------------- PPL412 O2SENSOR 
SIGNAL 

EXHAUST 

7-29-87 

ENGINE 

GROUND 

nTAN413 

bl 
OzGROUND 

ORCUIT 

2-20-87 
4S0790-6E 

CODE44 
OXYGEN SENSOR CIRCUIT 
(LEAN EXHAUST INDICATED) 

2.BL (VIN S) •F" CARLINE (PORT) 
Circuit Description: 

The ECM supplies a voltage of about .45 volt between terminals "D6" and "D7". (If measured with a 10 
megohm digital voltmeter, this may read as low as .32 volt.) The 02 sensor varies the voltage within a range of 
about 1 volt if the exhaust is rich.. down through about .10 volt if exhaust is lean. 

The sensor is like an open circuit and produces no voltage when it is below about 360°C (600°F) An open 
sensor circuit or cold sensor causes "Open Loop" operation. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
l. Code 44 is set when the 02 sensor signal voltage 

onCKT412. 
• Remains below .2 volt for 60 seconds or more: 
• And the system is operating in .. Closed Loop". 

Diagnostic Aids: 

Using the "Scan", observe the block learn values at 
different rpm and air flow conditions. If the conditions 
for Code 44 exists the block learn values will be 
around 150. 
• 0,1 Sensor Wire Sensor pigtail may be 

mispositioned and contacting the exhaust 
manifold. 

• Check for intermittent ground in · wire between 
connector and sensor. 

• MAF Sensor A mass air flow (MAF) sensor output 
that causes the ECM to sense a lower than normal 
air flow will cause the system to go lean. 
Disconnect the MAF sensor and if the lean 
condition is gone, check for a Code 34. 

• Lean Injector(s} Perform injector balance test, 
CHARTC-2A. 

• Fuel Contamination Water, even in small 
amounts, near the in-tank fuel pump inlet can be 
delivered t.o the injectors. The water causes a lean 
exhaust and can set a Code 44. 

• Fuel Pressure System will be lean if pressure is 
too low. It may be necessary to monitor fuel 
pressure while driving the car at various road 
speeds and/or loads to confirm. See "Fuel System 
Diagnosis", CHART A-7. 

• Exhaust Leaks If there is an exhaust leak, the 
engine can cause outside air to be pulled into the 
exhaust and past the sensor. Vacuum or 
crankcase leaks can cause a lean condition. 

• Air System (manual trans only) 
Be sure air is not being directed to the exhaust 
ports while in .. Closed Loop". If the block learn 
value goes down while squeezing air hose to 
exhaust ports , refer to CHART C-6. 

• If the above are OK, it is a faulty oxygen sensor. 
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RUN WARM ENGINE (759Cl167"f TO 95-c/203"F) AT 1200 RPM. 

CODE44 
OXYGEN SENSOR CIRCUIT 
(LEAN EXHAUST INDICATED) 

2.8L (VIN S) •Fn CARLINE (PORTI . 

DOES •SCAN• TOOL INDICATE Oz SENSOR VOLTAGE AXED BELOW .35 VOLT (350 mV)? 

• DISCONNECT Oz SENSOR. 
• WITH ENGINE IDLING, •sCAN. TOOL SHOULD 

DISPLAY Oz SENSOR VOLTAGE BETWEEN .35 VOLT 
AND .55 VOLT (350 mV AND 550 mV). 
DOESIT? 

REFER TO •DtAGNOSTIC 
AIDS• ON FA ONG PAGE. 

CODE 441S INTERMlmNT. 
IF NO ADDITIONAL CODES WERE 
STORED, REFER TO •DtAGNOSTIC 
Alos· ON FACNG PAGE. 

CLEAR CODES AND CONFIRM ·noSED LOOP· OPERATION AND NO -SERVICE ENGINE SOON· LIGHT. 
5-3-88 
•753191-iE 
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ECM 

.---<◄~-------------- PPL.412 OiSENS0R 
SIGNAL 

EXHAUST 

7-29-87 

ENGINE 

GROUND 

_t;;TAN413 OiGR0UND 
ORCUIT 

2-2()-87 
4S0790-6E 

CODE45 
OXYGEN SENSOR CIRCUIT 
(RICH EXHAUST INDICATED) 

2.8L (VIN S) •F• CARLINE (PORT) 
Circuit Description: 

The ECM supplies a voltage of about .45 volt between terminals "D6" and .. D7". (If measured with a 10 
megohm digital voltmeter, this may read as low as .32 volt.) The 02 sensor varies the voltage within a.range of 
about 1 volt if the exhaust is rich, down through about .10 volt if exhaust is lean. 

The sensor is like an open circuit and produces no voltage when it is below about 315°C (600°F). An open 
sensor circuit or cold sensor causes "Open Loop" operation. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 45 is set when the 02 sensor signal voltage 

orCKT412. 
• Remains above . 7 volt for 30 seconds; and in 

"Closed Loop". 
• Engine time after start is 1 minute or more. 
• Throttle less than 1/2 open but not at idle. 

Diagnostic Aids: 

Using the "Scan", observe the block learn values at 
different rpm and air flow conditions. ff the conditions 
for Code 45 exists, the block learn values will be 
around 115. · 
• Fuel Pressure System will go rich if pressure is too 

high. The ECM can compensate for some increase. 
However, if it gets too high, a Code 45 may be set. 
See "Fuel System Diagnosis", CHART A-7. 

• Rich Injector Perform injector balance test CHART 
C-2A. 

• Leaking Injector See CHART A-7. 
• Check for fuel contaminated oil. 

• HEI Shielding An open ground CKT .453 (ignition 
system reflow) may result in EMI, or induced 
electrical "noise". The ECM looks at this "noise" as 
reference pulses. The additional pulses result in a 
higher than actual engine speed signal. The ECM 
then delivers too much fuel, causing system to go 
rich. Engine tachoIJ1eter will also show higher than 
actual engine speed, which can help in diagnosing 
this problem. 

• Canister Purge Check for fuel saturation. ff full of 
fuel, check canister control and hoses. See 
"Canister Purge", Section "C3". 

• MAF Sensor An output that causes the ECM to 
sense a higher than normal airflow can cause the 
system to go rich. Disconnecting the MAF sensor 
will allow the ECM to set a fixed value for the 
sensor. Substitute a different MAF sensor if the the 
rich condition is gone while the sensor is 
disconnected. Check for a Code 34. 

• Check for leaking fuel pressure regulator 
diaphragm by checking vacuum line to regulator 
for fuel. 

• TPS An intermittent TPS output will cause the 
system to go rich, due to a false indication of the 
engine accelerating. 

• EGR An EGR staying open (especially at idle) will 
cause the (¾ sensor to indicate a rich exhaust. 
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CODE45 .. 
OXYGEN SENSOR CIRCUIT 
(RICH EXHAUST INDICATED) . 

2.8L {VIN S) •F" CARLINE {PORT) 

• RUN WARM ENGINE (75-ct16rF TO 9s-ct203"f) AT 1200 RPM. 

0 . DOEs-sCAN.TOOLDISPLAYOzSENSOR VOLTAGE FIXEDABOVE.75VOLT (750mV)1 

• DISCONNECT 0 2 SENSOR ANO JUMPER 

HARNESS CKT 412 TO GROUND. 

• •sCAN• TOOL SAOULD DISPLAY 02 

BELOW .35 VOLT (350 mV). 

DOESIT? 

REFER TO •DIAGNOSTIC 

AIDS• ON FAONG PAGE. 

CODE 451S INTERMITTENT. 

IF NO ADDITIONAL CODES WERE 

STORED, REFER TO •DIAGNOSTIC 

AIDS· ON FACNG PAGE. 

CLEAR CODES AND CONFIRM-a.OS ED LOOP· OPERATION AND NO ·sERVICE ENGINE SOON· LIGHT. 

5-3-88 

•753192-iE 



6E3-A-54 2.8L (VIN-S) DRIVEABILITY AND EMISSIONS 

[]J Iii mi [[I (iJ 

«:ummmmi 
LP. HARNESS C0NNEOOR 

ISWAY.(FR0NTYIEW) 

TO MAF RELAY & MAF BURN 
OFF RELAY (LB9 ONLY) l 

FUSE& I/ 
t---340 ORN 

.__ --- 340 ORN ~~LG 
OIL PRESS. FUEL 

BATTERY + PUMP SWITCH 

TO MAF BURN OFF 
RELAY (LB9 ONLY) 

~ REAR 
BODY 
CONN. 

FRONT 
BODY 
CONN. 

D 

FUEL 
PUMP 

IGN f 

ENGINE 
GROUND 

490 
ORN 

'------- 465 DK GRN/WHT 

....._ ________ ....._ ___ 120 TAN/WHT 

~ ((E---------•T------ 439 PNICJBLK 
ECM __ .J 

7-29-87 

Circuit Description: 

I.P.CONN. TO ESC MODULE PIN B 
(15 • WA!) (LB9 ONLY) 

CODE 54 
FUEL PUMP CIRCUIT 

(LOW VOLTAGE) 
2.SL (VIN S) "F" CARLINE (PORT) 

• FUELPUMP 
RELAY CONN. 

ECM 

12V 

12V 

12VOLT 
RELAY DRIVE 

FUEL PUMP 
SIGNAL 

IGN 12V 

7-29-87 
5S 1276-6E 

The status of the fuel pump CKT 120 is monitored by the ECM at terminal "B2", and is used to compensate 
fuel delivery based on system voltage. This signal is also used to store a trouble code if the fuel pump relay is 
defective or fuel pump voltage is lost while the engine is running. There should be about 12 volts on CKT 120 
for 2 seconds after the ignition is turned or any time references pulses are being received by the ECM. 

Diagnostic Aids: 

Code 54 will set if the voltage at terminal "B2" is 
less than 2 volts for 1.5 seconds since the last reference 
pulse was received. This will help in detecting a 
faulty relay, causing extended crank time and the 
code will help the diagnosis of an engine that 
"CRANKS BUT WILL NOT RUN". 

If a fault is detected during start-up the "Service 
Engin~ Soon" light will stay "ON" until the ignition is 
cycled off. However, if the voltage is detected below 2 
volts with the engine running the light will only 
remain on while the condition exists. 
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• IGNITION •oFF• FOR 10 SECONDS. 
• IGNfflON •oN•. 
• LISTEN FOR IN-TANK FUEL PUMP. 
• PUMP SHOULD RUN FOR 2 SECONDS AFTER IGNITION •oN•. 

DOESIT7 

• IGNITION •OFF•. 
• USING A FUSED JUMPER WIRE, CONNECT FUEL PUMP 

TEST CONNECTOR TO 12 VOL TS. 
• DOES PUMP RUN? 

• IGNITION ·oFr. • DISCONNECT FUEL PUMP 
• DISCONNECT FUEL PUMP RELAY. 

RELAY. • USING THE FUSED JUMPER 
• PROBE CKT 340 WITH A WIRE,CONNECTCKT 120TO 

TEST LIGHT TO GROUND. 12VOLTS. 
DOES PUMP RUN? 

LIGHT.OFF• 

CONNECT TEST REPAIR OPEN CKT 120. 
LIGHT BETWEEN OPEN IN FAULTY IN•TANK 
CKTS3'°&450. CKT340. PUMP OR FAULTY 

PUMP GROUND. 

• CONNECT TEST LIGHT BETWEEN HARNESS CKT 465 AND GROUND. 
• IGNITION •oFF" FOR 10 SECONDS. 
• NOTE TEST LIGHT WITHIN 2 SECONDS AFTER IGNITION •oN•. 

• FAULTY RELAY. 

NOTE: IF ORIGINAL COMPLAINT WAS •CRANKS BUT WIU NOT 
RUN• MAKE THE FOLLOWING ADDITIONAL CHECKS: 

• ENGINE IOI.ING AT NORMAL OPERATING TEMPERATURE. 
• OR. PRESSURE NORMAL 
• DISCONNECT FUEL PUMP RELAY. 
• ENGINE SHOULD CONTINUE TO RUN. 
• DOESITT 

. • RECONNECT FUEL PUMP RELAY. 
• IGNITION •OFF•. 
• PROBE FUEL PUMP TEST TERMINAL WITH A TEST 

TERMINAL WITH A TEST LIGHTTO GROUND. 

FUEL PUMP ORCUIT OK 

cooe·s4 
FUEL PUMP CIRCUIT 

(LOW VOLTAGE) 
2.8L (VIN S) "F" CARLINE (PORT) 

• CLEAR CODES. 
• START AND RUN ENGINE FOR 30 SECONDS 

OR UNTIL CODE 54 SETS. 
DOES CODE SET? 

• ATTHEECM,BACKPROBE 
CKT 120 WITH A TEST 
LIGHT TO GROUND. 

• IGNITION •oFF" FOR 10 
SECONDS" 

• NOTE LIGHT WITHIN 2 
SECONDS AFTER IGNITION 
"ON•. 

FAULTY CONNECTION AT 
ECM OR FAUL TY ECM. 

REPAIR OPEN CKT 450. 

CKT 465 OPEN, SHORTED TO 
GROUND, OR FAULTY ECM. 

FAULTY OIL PRESSURE SWITCH 

CODE 54 IS INTER-
MITTENT. REFER TO 
•INTERMITTENTs• IN 
SECTION •a-. 

LIGHT.OFF. 

OPENCKT 
120 TO ECM. 

2-10-88 
•7S3155-6E 
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CODE 51 
CODE 52 
CODE 53 
CODE 55 

2.8L (VIN S) "F" CARLINE (PORT) CODE 51 
PROM ERROR 

(FAUL TY OR INCORRECT PROM) 

CHECK THAT ALL PINS ARE FULLY INSERTED IN THE SOCKET. If OK, REPLACE 

PROM, Q.EAR MEMORY, AND RECHECK. If CODE 51 REAPPEARS, REPLACE ECM. 

a.EAR CODES AND CONFIRM ·aoSED Loop• OPERATION AND NO ·sERVICE ENGINE SOON· LIGHT. 

CODE 52 
CALPAK ERROR 

(FAULTY OR INCORRECT CALPAK) 

CHECK THAT ALL PINS ARE FULLY INSERTED IN THE SOCKET. IF OK. REPLACE 

CALPAK, aEAR MEMORY, AND RECHECK. IF CODE 52 REAPPEARS, REPLACE ECM. 

CLEAR CODES AND CONFIRM "aOSED LOOP" OPERATION AND NO .SERVICE ENGINE SOON" LIGHT. 

CODE 53 
SYSTEM OVER VOLTAGE 

THIS CODE INDICATES THERE IS A BASIC GENERA TOR PROBLEM. 

• CODE53WILLSETIFVOLTAGEATECMTERMINAL ·a2· 1s GREATER THAN 17.1 VOLTS FOR 2 SECONDS. 

• CHECK AND REPAIR CHARGING SYSTEM. SEE SECTION "6D" • 

a.EAR CODES AND CONFIRM··a.osED LOOP- OPERATION AND NO ·sERVICE ENGINE SOON- LIGHT. 

CODE 55 
ECM ERROR 

BE SURE ECM GROUNDS ARE OK. IF OK 

REPLACE ELECTRONIC CONTROL MODULE (ECM) 

Q.EAR CODES AND CONFIRM "CLOSED LOOP• OPERATION AND NO "SERVICE ENGINE SOON• LIGHT. 
7-30-87 

551516-6E 
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I .SECTION A 
5.0L & ·s.7L ENGINE 

BASIC PROCEDURE 

If you have not reviewed the basic information on 
how to use the Diagnostic Procedures, go to the 
Introduction of this section. 

Blocking Drive Wheels 

The vehicle drive wheels must be blocked while 
checking the system. 

Cold Oxygen Sensor 

I 

DIAGNOSTIC CIRCUIT CH ECK 

The "Diagnostic Circuit Cheek" verifies the 
system is functioning correctly. Some special 
considerations to keep in mind while making the 
"Diagnostic Circuit Check" are: 

On some engines, the Oxygen Sensor will cool off 
after only a short period of operation at idle. This will 
put the system into "Open Loop." To restore "Closed 
Loop" operation, run the engine at part throttle 
several minutes and accelerate from idle to part 
throttle a few times. 

SECTION A 
ENGINE COMPONENTS/ WIRING DIAGRAMS/ DIAGNOSTIC CHARTS 

Component Locations • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A--2 

ECM Wiring Diagrams, (1 of 4) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-3 
ECM Connector Terminal End-View • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-7 
Diagnostic Circuit Check • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-8 
Scan Data and Typical Values •••••••••••••••••••••••••••••••••••••••••••• -. • • • • • Page A-8 
No "Service Engine Soon• Light- Chart A-1 • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-10 
NoALDL Data - •service Engine Soon• Light On Steady(Will Not Flash Code 12)-ChartA-2 •••• Page A·12 
Engine Cranks But Will Not Run - Chart A-3, ( 1 of 2) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-14 
Fuel System Diagnosis-ChartA-7, (1 of2) ••••••••••••••••••••••••••••••••••••••••• PageA-18 
Code 13 Oxygen Sensor Circuit (Open Circuit) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-22 
Code 14 Coolant Temperature Sensor Circuit (High Temperature Indicated) ••••••••••••••• Page A-24 
Code 15 Coolant Temperature Sensor Circuit (Low Temperature Indicated) • • • • • • • • • • • • • • • Page A-26 
Code 21 Throttle Position Sensor (TPS) Circuit (Signal Voltage High) ••••••••••••••••••••• Page A-28 
Code 22 Throttle Position Sensor (TPS) Circuit (Signal Voltage Low) • • • • • • • • • • • • • • • • • • • • • • Page A-30 
Code 23 Manifold Air Temperature (MA n Sensor Circuit (Low Temperature Indicated) • • • • • • • Page A-32 
Code 24 Vehicle Speed Sensor (VSS) Circuit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-34 
Code 25 Manifold Air Temperature (MAT) Sensor Circuit (High Temperature Indicated) • • • • • • Page A-36 
Code 32 Exhaust Gas Recirculation (EGR) Circuit ••••••••••••••••••••••••• _.. • • • • • • • • • • Page A-38 
Code 33 Mass Air Flow· (MAF) Sensor Circuit (GM/SEC High) • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-40 
Code 34 Mass Air Flow (MAF) Sensor Circuit (GM/SEC Low) • ·•••••••••••••••••••• • • • • • • • • Page A-42 
Code 36 Mass Air Flow (M,AF) Sensor Burn-Off Circuit ••••••••••••••••••••••••••••••••• Page A-44 
Code 41 Cylinder Select Error {Faulty or Incorrect Mem-Cal) • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-46 
Code 42 Electronic Spark Timing (EST) Circuit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-48 
Code 43 Electronic Spark Control (ESC) Circuit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-50 
Code 44 Oxygen Sensor Circuit (Lean Exhaust Indicated) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-52 
Code 45 Oxygen Sensor Circuit (Rich Exhaust Indicated) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-54 
Code 46 Vehicle Anti Theft System (VATS) Circuit • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-56 
Code 51 MEM-CAL (Faulty or Incorrect Mem-Cal) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-60 
Code 52 CALPAK Error (Faulty or Incorrect Mem-Cal) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-60 
Code 53 System Over Voltage • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-60 
Code 54 Fuel Pump Circuit (Low Voltage) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page A-58 



6E3-A-2 5.0L (VIN f) & 5. 7L (VIN 8) DRIVEASILITY AND EMISSIONS 

. 'f' SERIES RPO: LB9,L98 -VIN CODE:f&8 

0 COMPUTER HARNESS 
C1 Electronic Control Module (ECM) 
Q ALDL diagnostic connector 
0 •sERVICE ENGINE SOON. light 
CS ECM harness grounds 
C& Fuse panel 
C8 Fuel pump test connector 

(Terminal ·G• of ALDL connector) 
C9 Fuel pump'ECM fuse 
C10 Set~ingconnector 

: ... : NOT ECM CONNECTED 
N1 Crankcase vent valve (PCV) 
N5 Engine temp. sensor (gage.overheat) 
N7 Oil pressure sensor (gage) and 

switch (fuel pump) 
N12 Secondary cooling fan (C&O) 
N13 Cooling fan temperature switch (C60) 
N14 Secondary cooling fan relay (C&0) 

C3 

0 CONTROLLED DEVICES 
1 Fuel injector 

2 Idle air control motor 

3 fuel pump relay 

s Torque converter dutch connector 

7 Electronk spark control module 

8 Primary cooling fan relay 

9 AIR port (switch) solenoid 
1 O AIR converter (divert) solenoid 

12 EGR solenoid 
14 Fuel vapor canister 

15 F~I vapor canister solenoid 

16 MAF sensor power relay 

17 MAF sensor bum-off relay 

18 Primary coolinv fan 

5.0L&S. 7L VB PFI 

,~--
3 16 17 

,El 
GJJ) 

Q INFORMATION SENSORS 
A Mass air flow 
a Exhaust oxygen 

C Throttle position 
D Coolant temperature 

F Vehicle speed (buffer) 

G Manifold air temperature 

J ESCknodc 
U Fan control switch (A/C pressure) 

w EGR diagnostic temperature switch 

6-28-88 

8S4239-&E 

Figure A·1 Component Locations - 5.0L (VIN F) & S.7L (VIN 8) •F• carline 



DRIVEABIUTY AND EMISSIONS 5.0L (VIN F) ' & 5.7L (VIN 8) · 6E3-A:..3 · 

r-----4.,_ ___________________ ORN461 

.---------------- WHT/BLK 451 

450 

ECM 

AB SERIALDATA 

A9 DIAGNOSTIC TEST 
TERMINAL 

A12 ECMGROUND 

D1 O ECM GROUND 

IF-------1 03 ECM GROUND 

ENGINE 
GROUND 

l~-jt-------------- PPL412 

OXYGEN SENSOR 

D7 OXYGEN SENSOR 
SIGNAL 

,__ ____________________ TAN413 - 06 OXYGEN SENSOR 
GROUND 

MANIFOLD AIR 
TEMPERATURE 
SENSOR 

TPS 

COOLANT 
TEMPERATURE 
SENSOR 

PICK•UP COIL 

TO 

IGN. DIST. (HEI) 

0 MODULE 

PRIMARY COIL 

B 1----------- TAN472 C12 MATSENSOR 
SIGNAL 

..._ ___ ....IA 

..,_ _________ GRY416 
C1 +SVOLT 4 REFERENCE 

--------- DKBLU417 C13 TPS SIGNAL 

---------- BLK452 02 flit WN~~R 
GROUND 

A----------' 
-------18 1----------- YEL410 

COOLANT 
C10 TEMPERATURE 

SENSOR SIGNAL 

WHT 423 04 EST 

PPL/WHT 430 BS REFERENCE 

SET TIMING CONNECTOR K TAN/BLK 424 D5 BYPASS 

BLK/RED 453 B3 DISTRIBUTOR GROUND 

Figure A-2 - Wiring Diagram - 5.0l (VIN F) & 5.7L (VIN 8) HF" carline (1 of 4) 

BACKVIEW 
OF 

CONNECTOR 

~ 

24PIN A-B 
CONNECTOR 

BACK VIEW 
OF 

CONNECTOR 

Lfu· 

32 PINC-0 
CONNECTOR 

8S4240 

6-13-SB 



6E3-A-4 5.0L (VIN F) & 5.7L (VIN 8) DRIVEABILITY AND EMISSIONS 

ELECTRONIC 
SPARK 
CONTROL 
MODULE 

LT BWIWHT 441 

LT BLU/BLK 442 C6 IAC COIL •A• LO 

LT GRNIWHT 443 Gt IAC COIL •r HI 

LT GRNIBUC 444 a IAC COIL ·a· LO 

810 PARK/NEUTRAL 
SWITOt SIGNAL 

=U J· ENGINE GROUND 

ESC SENSOR INPUT 496 WHT __j n 
ESCGROUND C86BRN _j i 

SPARK RETARD 4&S BLK --------~ 87 SPARK RETARD 

IGNITION 439PNK/BLK SIGNAL (ESC) 

A 

EONIGN TO IGN...---41.,--. __ .,_ ________ _._ PNK/BLK439 A& IGNITION FEED 

IN.I 1 
FUSE 

FUSE 

VATS 

MODULE 

TO VSS BUFFER 

.,.. _________ PPL963 86 VATS SIGNAL 

BRN437 A10 VEHrae SPEED 
SENSOR SIGNAL 

TOA/C.HARNESS --------- GRN 59 88 A/C REQUEST 
SIGNAL 

INJECTORS 

Figure A-3 • Wiring Diagram· 5.0L (VIN F) & 5.7L (VIN 8) ,.F,. C8rline (2 of 4) 

BACKVIEW 
OF 

CONNECTOR 

~ 

24PIN A-8 
CONNECTOR 

BACKVIEW 
OF 

CONNECTOR 

~ 

32 PINC·D 
CONNECTOR 

6-22-88 
8S4275-6E ' 



DRIVEABILITY AND EMISSIONS 5.0L (VIN F) &. 5.7L (VIN 8)~ 6E3-A.:Si · 

FUSE & HOLDER 
I• • • • • • • . 
. 
• • • • • ■ • I 

ECM 

,------------.,_ _______ ORN 340 81 BATTERY+ 

D 

MAFSENSOR 
BURN~OFF 

RELAY 

TO 
GAGE 

FUEL 
-PUMP 
RELAY 

._ ___ ORN 340 
C16 BAmRY + 

.------ DK GRN/WHT 465 A1 FUEL.PUMP 

BLICIWHT 450 A12 
RELAY DRIVE 

ECMGROUND 

A . 

Q ENGINE 
-:- GROUND 

TO 
FUEL ---------- TAN/WHT 120 B2 FUEL PUMP 
PUMP SIGNAL 

(VOLTAGE 
MONITOR) 

---- BLICIWHT 450 D3 ECMGROUND 

MAFSENSOR 
POW£RRELAY 

ENGINE 
: GROUND 

C 

994DKBLU 
993 
RED 

C D E 

S 8 12V 
= = ' u 

G R 
N N 

f 0 
F 
F 

MAFSENSOR 

L------- BLK/WHT450 

ENG.GND. 

D1 ECMGROUND 

BACK VIEW 
OF 

CONNECTOR 

~ -

24PIN A-8 
CONNECTOR . 

BACK VIEW 
OF 

CONNECTOR 

~ 

32 PINC-0 
CONNECTOR 

A11 MAFSENSORGROUND 

..._ ________ DKGRN998 

i._ ______________ BLK 900 

B12 MAF SENSOR SIGNAL 

D12 MAF SENSOR 
BURN-OFF RELAY 

CONTROL 

Figure A-4 - Wiring Diagram - 5.0L (VIN F) & 5.7L (VIN 8) "F" Carline (3 of 4) 

8S4242" 
5-24-88 .. 



6E3-A-6 5.0L (VIN Fl & 5.7L (VIN 8) DRIVEABILITY AND EMISSIONS 

TO 
IGN 

PIGTAIL 
CONN 

BRAKE SWITCH 

AUTOMATIC 
TRANS. TCC 
SOLENOID 

SES LAMP 

ALDL F _________ ___. 

CONN. 

ALDL 
CONN. F 

SHIFT 
LIGHT 

DKGRN/YEL428 

EGR SOLENOID 
-- GRY 435 

B A 

111 ... I __ ;---.__.::!f----- DKGRN935 

(BLACK CONN) CONVERTER 
SOLENOID 

( 
PORT ~39BU</PN 

GRAY CONN.) SOLENOID~ i 
ALDLCONN E:Ji-----------~

TOIGN 

BRN 
436 

BATf~Rr♦<f-~ E JmrE 

PRIMARY 
COOLING 

FAN 

PRIMARY 
COOLING 

FAN 
RELAY 

BLK/RED 
936 

150 

..___.~ TAN/WHT 250 

ENGINE 
GROUND 

DK GRN/WHT 335 

COOLING FAN 
=- TEMPERATURE 

SWITCH 

ECM 

·seRVICE ENGINE 
AS SOON. LIGHT CONTROL 

CS 4TH GEAR SWITCH 
SIGNAL 

A7 TCC CONTROL 

A7 M/TSHlfTUGHT 
CONTROL 

CANISTER PURGE 
Al SOLENOID 

CONTROL 

A4 EGR SOLENOID 
CONTROL 

BACK VIEW 
OF 

CONNECTOR 

~ 

24PIN A-B 
C15 EGR DIAGNOSTIC CONNECTOR 

TEMPERATURE 
SWITCH 

AIR 
C2 CONVERTOR 

· A2 

SOLENOID 
CONTROL 

AIRPORT 
SOLENOID 
CONTROL 

PRIMARY 
COOLING FAN 

C1 RELAY 
CONTROL 

D11 FAN REQUEST 
SIGNAL 

BACK VIEW 
OF 

CONNECTOR 

~ 

32 PINC-O 
CONNECTOR 

BS4243-6E 
5-24-88 

Figure A-5 - Wiring Diagr~m - 5.0L (VIN F) & 5. 7L (VIN 8) ffF" Carline (4 of 4) 



DRIVEABILITY AND EMISSIONS S~0L (VIN F) & 5.7L ·(VIN 8) 6E3-A-7 

PORT FU EL INJECTION ECM CONN ECTOR IDENTIFICATION 
This ECM voltage chart is for use with a digital voltmeter to further aid in diagnosis. The voltages 

you get may vary due to low battery charge or other reasons. but they should be very dose. 
B + in Chart refers to system voltage. 

THE· FOLLOWING CONDITIONS MUST BE MET BEFORE TESTING: 
• Engine at operating temperature • Engine idling in '"Closed loop" (for "Engine Run" column) in 
park or neutral • Test terminal not grounded • '"Scan" tool not installed .------------------, VOLTAGE VOLTAGE 

KEY ENG. 
u 

V Less than 1 volt. 
* less than .5 volts. 

WIRE 
BACK VIEW 

OF 

B+ B+ 

812 MAF SENSOR SIGNAL 2.5 .4-1 

LTGRN D16 

B+ 

B+ B+ 

B+ B+ 

B+ B+ 

ENGINE: 5.0L LB9 
5.7LL98 

1. Varies from .60 to battery voltage depending on position of drive wheels. 
2. Varies. CARLINE: f 
3. 12V First two seconds. 
4. Varies with temperature. 

Figure A-6 - ECM Connector Terminal End View- 5.0L (VIN F) & 5.7L (VIN 8) HF" carline 

6-13-88 
•ss427fi.6E 



6E3-A..S 5.0L (VIN F) & 5.7L (VIN 8) DRIVEABIUTY AND EMISSIONS 

DIAGNOSTIC CIRCUIT CH ECK 
The Diagnostic Circuit. Check is an organized approach to identifying a problem created by an Electronic 

Engine Control System malfunction. It must be the starting point for any driveability complaint diagnosis, 
because it directs the Service Technician to the next logical step in diagnosing the complaint. 

The "Scan Data" listed in the table may be used for comparison, after completing the Diagnostic Circuit 
Check and finding the on-board diagnostics functioning properly and no trouble codes displayed. The "Typical 
Values" are an average of display values recorded from normally operating vehicles and are intended to 
represent what a normally functioning system would typically display. · . · 

A '"SCAN" TOOL THAT DISPLAYS FAULTY DATA SHOULD NOT BE USED, AND THE PROBLEM 
SHOC;JLD BE REPORTED TO THE MANUFACTURER. THE USE OF A FAULTY "SCAN,. CAN RESULT 
IN MISDIAGNOSIS AND UNNECESSARY PARTS REPLACEMENT. 

Only the parameters listed below are used in this manual for diagnosing. If a .. Scan" reads other parameters, 
the values are not recommended by General Motors for use in diagnosing. For more description on the values 
and use of the "Scan" to diagnosis ECM inputs, refer to the applicable diagnosis section in Section C. If all values 
are within the range illustrated, refer to symptoms in Section B. 

nsCAN" DATA 
Idle I Upper Radiator Hose Hot/ Closed Throttle/ Park or Neutral/ Closed Loop/ Acc. off 

•scAN" Position Units Displayed Typical Data Value 
Desired RPM 
RPM 
Coolant Temp. 
MATTemp. 
MAF· 
Airflow 
BPW (base pulse width) 
02 
TPS 
IAC 
INT (Integrator) 
BLM (Block Learn) 
Open/Closed Loop 
BLM Cell 
vss 
TCC 
Battery 
PPSW 
LV8 
Knock Retard 
Spark Advance 
PIN Switch 
A.1.R. Control 
A.LR. Switch 
A/CRequest 
Fan Request 
EGRDC 
EGR Diagnostic 
Fan 
CCP duty cycle 
Knock Signal 
Shiftlight (Mm 
4th Gear 

RPM 
RPM 
C° 
C° 
Gm/Sec 
Gm/Sec 
M/Sec 

. Volts 
Volts 
Counts (steps) 
Counts 
Counts 
Open/Closed 
Cell Number 
MPH 
On/Off 
Volts 
Volts 
Counts 
Degrees of Retard 
#of Degrees 
P/N and RDL 
Normal/Divert 
Port/Converter 
Yes/No 
Yes/No 
0-100% 
On/Off 
On/Off 
0-100% 
Yes/No 
On/Off 
Yes/No 

ECM idle command (varies with temp.) 
± 100 RPM from desired RPM ( ± 50 in drive) 
85"-105° 
10" - 90° (depends on underhood temp.) 
4-7 
4-7 
1-4and varying 
1-1000 and varying 
.46- .62 
5-50 
Varies 
118-138 
Closed Loop (may go open with extended idle) 
O or 1 (depends on Air Flow & RPM) 
0 
Off/ (on with TCC commanded) 
13.5-14.5 
13.5-14.5 
30-60 
0 
Varies 
Park/Neutral (PIN) 
Normal 
Converter 
No (yes, with A/C requested) 
No (yes, with A/C high pressure) 
Oat idle 
off 
Off (below 108°C) 
0 
No (yes, when knock is detected) 
Off 
No (yes, when in 4th gear) 

7-21-tl& 
"7S3681 



DRIVEABILITY AND EMISSIONS 5.0L (VIN F) & ·s.7L (VIN 8) 6E3-A-9 

• IGNITION ·oN,- ENGINE ·off.· 
• NOTE •SERVICE ENGINE SOON• LIGHT. 

STEADYUGHT 

• JUMPER ALDL TERMINAL •a• TO• A• 
• DOES SES LIGHT FLASH CODE 121 

DIAGNOSTIC CIRCUIT CHECK 
5.0L (VIN F) & 5.7L (VIN 8) •F" CARLINE (PORT) 

,. __ --------, 
: USE CHART A-1 : .. ___________ ., 

FLASHING CODE 12 

CHECK FOR GROUNDED DIAGNOSTIC 
TEST CICT 451. USE WIRING DIAGRAM 
ON CHART A-1. 

: USE CHART A-2 : .....,,-.--------------' ·-----------~ 

• REFER TO APPLICABLE 
CODE CHART. START 
WITH LOWEST CODE. 

,-- --------, 
: USE CHART A-2 : 
·-----------~ 

: USE CHART A•3 : .. ___________ ,. 

COMPARE "SCAN. TOOL DATA WITH TYPICAL 
VALUES SHOWN ON FACING PAGE. ARE VALUES 
NORMAL OR WITHIN TYPICAL RANGES? 

REFER TO INDICATED 
·coMPONENT{S) SYSTEM" 
CHECKS IN SECTION •c•. 

4-6-88 
•753227-6£ 



6E3-A-10 s.·oL (VIN F) & S.7L (VIN 8) DRIVEABILITY AND EMISSIONS 

liJ ID IMI liiiJ ([) 
lcl Ill) III [] 

15 WAY LP. CONNECTOR 
TO MAF SENSOR 
POWER & BURN-OFF 
RELAY, OIL PRESS. SW. 

BATTERY 

6-24-88 

PIGTAIL FUSE&HOLDER &FUE~LPUMPRELA_Y __ 340 ORN 

CONN. • • • • • • 
K ~--· -------'------- 340 ORN . . ...... 

IGNITION 
SWITCH 

CHART A-1 
NO ''SERVICE ENGINE SOON" LIGHT 

5.0L (VIN F) & 5.7L (VIN 8) ''F" CARLINE (PORT) 
Circuit Description: 

ECM 

BATTERY+ 

BAmRY + 

5-6V 

5-20-88 

854277-6£ 

There should always be a steady "Service Engine Soon" light when the ignition is "ON" and engine stopped. 
Ignition voltage is supplied directly to the light bulb. The electronic control module (ECM) will control the light 
and turn it "ON" by providing a ground path through CKT 419 to the ECM. 

Test Description: Numbers below refer to circled Diagnostic Aids: 
numbers on the diagnostic chart. Engine runs OK, check: 
1. If the fuse in holder is blown, refer to facing page • Faulty light bulb. 

of Code 54 for complete circuit. • CKT 419 open. 
2. Using a test light connected to 12 volts probe each • Gage fuse blown. This will result in no oil or 

of the system ground circuits to be sure a good generator lights, seat belt reminder, etc. 
ground is present. Refer to the ECM terminal end Engine cranks but will not run, check: 
view in front of this section for ECM pin locations • Continuous battery - fuse or fusible link open. 
of ground circuits. • ECM/Ignition fuse open. 

• Battery CKT 340 to ECM open. 
• Ignition CKT 439 to ECM open. 
• Poor connection to ECM. 
• Faulty ECM ground circuit(s). 



DRIVEABILITY AND EMISSIONS 5.0L (VIN F) & 5.7L (VIN 8) 6E3-A-11 

CHARTA-1 
NO •sERVICE ENGINE SOON• LIGHT 

S.0L (VIN F) & S.7L (VIN 8) .F,. CARLINE (PoRn 

DOES THE ENGINE START? 

• IGNITION •oFF•. 
• DISCONNECT ECM CONNECTORS. 

• IGNmON ·oN-. 
• PR08E CKT 419, WITH TEST LIGHT 

TO GROUND. 

IS THE ·sEs· LIGHT "ON-7 

FAULTYECM 

CONNECTION 

ORECM. 

CHECK: 

- GAGEFUSE. 

- FAULTY BULB. 

- OPEN OCT 419. 

- CKT 419 SHORTED TO 

VOLTAGE. 

- OPEN IGNmON FEED TO 

BULB. 

15 THE 20A CONTINUOUS 

BATTERY FUSE (IN HOLDER) 

AND ECM FUSE OK? 

• IGNmON ·oFr. 
• 1GNmoN-oN·. 
• PROBE CICT 340 &439 

WITH TEST LIGHT TO 

GROUND. 

IS THE LIGHT •oN• ON 

BOTH CIRCUITS? 

0 FAULTYECM 

GROUNDS OR ECM. 

0 LOCATE ANDCORRECT 

SHORTTO GROUND IN 

ORCUIT THAT HAD A 

BLOWN FUSE. 

REPAIR OPEN IN 

ORCUITTHAT DtD NOT 

LIGHT THE TEST LIGHT, 

7-21-87 
0.EAR CODES AND CONFIRM ·a.oSED LOOP • OPERATION AND NO ·sERVICE ENGINE SOON- LIGHT. 75 3185-6E 



6E3-A-12· 5.0L (VIN F) :& 5.7L (VIN 8). DRIVEABILITY AND EMISSIONS 

liu [IJ (Ml[&) (pJ 

1c) [Q) [E] ll) 

15.WAY.I.P. CONNECTOR" 
TO MAF SENSOR 
POWER & BURN-OFF 
RELAY, OIL PRESS. SW. 
& FUEL PUMP RELAY 

6-24-88 

PIGTAIL FUSE & HOLDER ---- 340 ORN 
CONN. 

TO VATS 
MODULE 

GAGE 

TOESC 
MODULE 

SWAY .. 
NN -, 

: F 439 PNK/BLK 

! C 419 BAN/WHT 
SES UGHt: 1 

........ --------....,K~:J---- 461 ORN 
t 

........ ----.~~K---l E--- 451 WHT/BLK 

I I 

ALDLCONNECTOR....._::::~~~~~~~..., '---J 

1 

~J M 450 BLIC/WHT 

DIAGNOSTIC ENGINE 

~:~INAL -=- GROUND 

CHART A-2 
NO ALDL DATA OR WILL NOT FLASH CODE 12 

·seRVICE ENGINE SOON" LIGHT "ON" STEADY 
5.0L (VIN F) & 5.7L (VIN 8) .. F,, CARLINE (PORT) 

Circuit Description: 

ECM 

BATTERY+ 

BATTERY+ 

5-20-88 

BS4277-6E 

There should always be a steady "Service Engine Soon" light when the ignition is "ON" and engine stopped . 
. Ignition voltage is supplied to the light bulb. The electronic control module (ECM) will turn the light "ON" by 
grounding CKT 419 in the ECM. 

With the diagnostic "test" terminal grounded, the light should flash a Code 12, followed by any trouble 
code(s) stored in memory. 

A steady light suggests a short to ground in the light control CKT 419, or an open in diagnostic CKT 451. 

Test Description: Numbers below refer to circled 2. If the light goes "OFFn when the ECM connector is 
numbers on the diagnostic chart. disconnected, CKT 419 is not shorted to ground. 
1. If there is a problem with the ECM that causes a 3. · This step will check for an open diagnostic CKT 

"Scan" tool to not read Serial data, the ECM 451. 
should not flash a Code 12. If Code 12 is flashing 4. At this point the "Service Engine Soon" light 
check for CKT 451 short to ground. If Code 12 wiring is OK. The problem is a faulty ECM or 
does flash be sure that the "Scan" tool is working Mem-Cal. If Code 12 does not flash, the ECM 
properly on another vehicle. If the "Scan" is should be replaced using the original Mem-Cal. 
functioning properly and CKT 461 is OK, the Replace the Mem-Cal only after trying an ECM, as 
Mem-Cal or ECM may be at fault for the NO a defective Mem-Cal is an unlikely cause of the 
ALDL symptom. problem. 



DRIVEABIUTY AND EMISSIONS 5.0L (VIN F) & 5.7L (VIN SJ 6E3-A-13 

CHARTA-2 
NO ALDL DATA OR WILL NOT FLASH CODE 12 

·sERVICE ENGINE SOON· LIGHT ·oN" STEADY 
5.0L (VIN F) & 5. 7L (VIN 8) •F" CARLINE (PORT) 

• IGNfflON .ON.• ENGINE .OFF." 
IS THE ·sEs· LIGHT "oN-7 

• GROUND DIAGNOSTIC TERMINAL 
DOES LIGHT FLASH CODE 127 

0 • IGNfflON •off• 
• DISCONNECT ECM CONNECTORS. 
• IGNfflON •oN" AND;1NOTE 

"SERVICE ENGINE SOON" LIGHT. 

• IGNITION "OFF" 
• RECONNECT ECM 
• IGNfflON "ON," ENGINE "OFF," 

DIAGNOSTIC TERMINAL NOT GROUNDED. 
• BACK PROBE ECM OCT 451 WITH TEST 

LIGHTTOGROUND. LEAVECONNECTED 
AND WATOt "SES" LIGHT. 

© • CHECKMEM-<:ALFORPROPERINSTALLATION. 

r- --------, 
1 USE OtART A-1 1 

L-----------.J 

0 IF PROBlEM WAS NO ALDL DATA: 
CHECK SERIAL DATA OCT 461 FOR OPEN OR 
SHORT TO GROUND BETWEEN ECM AND ALDL 
CONNECTOR. IF OK, IT 15 A FAUL TY ECM OR 
MEM-CAL 

REPAIR SHORT TO 
GROUND IN CKT 419. 

CHECK FOR OPEN CICT 451 TO ECM. 
• IF OK, REPLACE ECM USING ORIGINAL MEM-CAL IF OK, OIECK FOR OPEN ORCUIT BETWEEN 

ALDL TERMINAL" A" AND ECM. • RECHECKFO.RCODE12 

REPLACE MEM-CAL SYSTEMOK 

CLEAR CODES AND CONFIRM "CLOSED LOOP" OPERATION AND NO "SERVICE ENGINE SOON" LIGHT. 
4-6-88 

753186-6£ 



6E3-A-14 5.0L (VIN F) & S.7L (VIN 8) DRIVEABILITY AND EMISSIONS 

CD liu ID Ina! uiil III 00 
I]] ltI [Q] CEI Ill Im 

TO VATS MODULE ---

TOIGN 
ECM/IGN --;;~ TO ESC 

. ~ - 1 ~ MODULE 

15-WAY I.P. CONNECTOR 
. I IL 

,-~~~ ~ · .., ____ _.1 PNK/BLK439 

PICK-UP COIL 

PRIMARY COIi. 

6•24-88 

INJ.1 
FUSE I I 

I I 
LI--- PNK/BLK 1 « % s BLIC/PNK 

,::AY ! B 1 INJECTORS 

467 

I G I r BLK/LTGRN 

PNK/BLK l ... , ::..1 468 

I.P.CONN,: :~ 

839 I " I -.----~ __ _. 
I I ·---4 

ENGINE 
GROUND 

BLK/WHT 
450 

.,..,-r-,::! ___________________ 423WHT 

'-------------------- 430PPL/WHT 
'--------------=S"'-ET...._TI_M_IN;;.;;Ga.....,~,,.v'----- 424 TAN/BLK 

CONNECTOR ~ 
'----------------------453B1.KJWED 

CHARTA-3 
(Page 1 of 2) 

ENGINE CRANKS BUT WILL NOT RUN 
5.0L (VIN F) & 5. 7L {VIN 8) "F" CARLINE {PORT) 

Circuit Description: · 

ECM 

EST 

REFERENCE 

BYPASS · 

11• DIST.GND 

S-24-88 
854278-6E 

This chart assumes that battery condition and engine cranking speed are OK, and there is adequate fuel in 
the tank. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. A "Service Engine Soon" light "ON" is a basic test 

to determine if there is a 12 volt supply and 
ignition 12 volts to ECM. No ALDL may be due to 
an ECM problem and CHART A-2 will diagnose 
the ECM. IfTPS is over 2.5 volts the engine may 
be in the clear flood mode which will cause 
starting problems. The engine will not start 
without reference pulses and therefore the "Scan" 
should read engine rpm (reference) during crank. 

2. No spark may be caused by one of several 
components related to the Ignition System. 
CHART C-4 will address all problems related to 
the causes of a no spark condition. 

3. The test light should blink, indicating the ECM is 
controlling the injectors OK. How bright the light 
blinks is not impoi:tant. However, the test light 
should be a J-34730-3 or equivalent. 

4. Use fuel pressure gage J-34730-1 or equivalent. 
Wrap a shop towel around the fuel pressure tap to 
absorb any small amount of fuel leakage that may 
occur when installing the gage. 

Diagnostic Aids: 

• An EGR valve sticking open can cause a low 
air/fuel ratio during cranking. Unless engine 
enters "Clear Flood" at the first indication of a 
flooding condition, it can result in a no start. 

• Check for fouled plugs. 
• Water or foreign material in fuel line can cause a 

no start in freezing weather. 
• A defective MAF Sensor may cause a no start or a 

stall after start. To determine if the sensor is 
causing the problem, disconnect it. The ECM will 
then use a default value for the sensor, and if the 
condition is corrected and the connections are OK, 
replace the sensor. 

• Also check that injectors on both sides of_engine 
will cause a test light to "blink." If not OK, check 
injector fuses. 
If above are all OK, refer to "Symptoms" in 

Section "B", Hard Start. 



DRIVEABILITY AND EMISSIONS 5.0L (VIN F) & 5.7L {VIN 8) 6E3-A:.15· 

0 
• FUEL QUANTITY OK. 
• " IGNmON -oN·. IF ·sERVICE ENGINE SOON· LIGHT IS 

•oFF", USE CHART A·1. 
• INSTALL •sCAN• TOOL If "NO AlDL •, USE CHART A-2. 

CHECK THE FOLLOWING: 
• IF CODE 54 IS SET, REFER TO CODE 54 CHART. 
• CHECK VA TS STATUS. IF NOT OK. REFER TO CODE 46 

CHART. 
• TPS • IF OVER 2.5 VOLTS AT Q.0SED THROTTLE, USE 

THE CODE 21 CHART. 
IS RPM IDfCATED DURING CRANKING? 

• USING A ST-125 (SPARK.CHECKER), J•2t;792 
OR EQUNALENT, CHECK FOR SPARK WHILE 
CRANKJNG(CHECK TWO WIRES) 
IS SPARK PRESENTI 

0 • DISCONNECT ONE INJECTOR 
• CONNECT nsT LIGHT J-34730-2 

OR EQUIVALENT TO INJECTOR 
HARNESS CONNECTOR..1 

r-- ---------~ t::'\: BASIC HEI : 
~ I PROBLEM. REFER 1 

• CHECK FOR BUNKING LIGHT 
WHILE CRANKING. 

BUNKING LIGHT 

© • IGNmON'"OFF~. 

I I 
I TO CHART C-4 I ~-----------4 

• INSTALL FUEL PRESSURE GAGE AND NOTE 
PRESSURE AFTER IGNITION •ON". 
SHOULD BE (220-325 kPa)32-47 psi 

• REVIEW THE "DIAGNOSTIC AIDS• ON FAONG 
PAGE FOR ADDmONAL ITEMS TO CHECK. IF AU 
ARE OK, EFI SYSTEM IS OK. 
REFER TO "HARD START .IN SECTION •r. 

CHARTA~3 
(Page 1 of 2) 

ENGINE CRANKS BUT WILL NOT RUN 
5.0L (VIN F) & 5.7L (VIN 8) 

"F" CARLINE (PORT) 

• USING A ST-125(SPARK CHECKER),J-26792 
OR EQUIVALENT, CHECK FOR SPARK WHILE 
CRANKING (CHECK TWO WIRES) 
IS SPARK PRESENTI 

• IGNmoN-oFF". 
• DISCONNECT DISTRIBUTOR 

4,-WAY CONNECTOR. 
• IGNmoN ·oN·. 
• MOMENTARILYTOUCH 

HARNESS CONNECTOR 
TERMINAL (CICT 430) WITH A 
TEST LIGHT TO 12 VOLTS. 

• "SCAN• SHOULD INDICATE 
RPM WHEN TEST IS 
PERFORMED. 
DOESITI 

• FAULTY.CONNECTION OR 
IGNmON MODULE. 

NO BUNKING LIGHT , 

,- --------, 
: USE CHART A-3 : 
t (2 OF2) I L-----------J 

r- -----, 
: USE : 
1 CHART A-7 1 

L-------J 

r- --------., ©: CHECK FOR 
BATTERY 
VOLTAGETO 
IGNmON 
SYSTEM. IF OK, 
THERE IS A BASIC 
HEI PROBLEM. 
REFER TO CHART 

I C-4. 

1..-----------J 

CICT 430 OPEN, 
SHORTED TO 
GROUND,OR 
FAULTYECM. 

6-17-88 
7S3283-6E 



6E3-A-16 5.0L (VIN·f) & 5.7L (VIN 8) DRIVEABILITY AND EMISSIONS 

rn IK:l m ffiiil w1 [[) liJ 
[[I ltJ cm rn rn [G] 

TO VATS MODULE ----

TOIGN 
EOMGN -i; ~ . TO ESC 

- I L MODULE 
15-WAY I.P. CONNECTOR •-F~~~ ~L_ ___ Jt PNK/BLK439 

PICK-UP COIL 

P111MAIIV COIL 

6-24-88 

I I 
I I 

PNK/BLK 1 (( tt@ BLKJPNK 
639 I I 467 

15-WAY : B : INJECTORS 

I.P.CONN1 l~ BLK/1.TGRN 
1 .G 1 · 468 

PNK/BLK .!., « 1
7 

839 I " I -----_.-- . 

~---! BLK/WHT 
450 

ENGINE 
GROUND 

..,.-.'T"T~!.,_ __________________ 423WHT 

'--------------------430PPL/WHT 
.__ __________ _.::S::.:ET:..T,:.:IM:::,:IN~G~~--- 424 TAN/BLK 

CONNECTOR 
,__--------------------453BUCJRED 

CHARTA-3 
(Page 2 of 2) 

ENGINE CRANKS BUT WILL NOT RUN 
5.0L (VIN F) & S.7L (VIN 8) "F" CARLINE (PORT) 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 

To test for this condition: 
• Disconnect all injectors 
• Ignition "ON." 

ECM 

EST 

REFERENCE 

BYl'ASS 

11• DIST.GND 

5-24-88 
8S4278-6E 

l. Checks for 12 volt supply to injectors. Due to the 
·injectors wired in parallel there should be a light 
-oN" on both terminals. 

2. Checks continuity of CKT 467 and CKT 468. 
3. All checks made to this point would indicate that 

the ECM is at fault. However, there is a 
possibility of CKT 467 or CKT 468 being shorted 
to a voltage source either in the engine harness or 
in the injector harness. 

• Probe CKT 467 and CKT 468 on the ECM side 
of injector harness with a test light connected 
to ground. (Test one injector harness on each 
side of engine). There should be no light. If 
light is "ON" repair short to voltage. 

• · lfOK, check the resistance of the injectors. 
• Should be 10 ohms or more. 
• Check injector harness connector. Be sure 

terminals are not backed out of connector and 
contacting each other. 

• If all OK, replace ECM. 



DRIVEABILITY AND EMISSIONS 5.0L (VIN F) & 5.7L (VIN 8) 6E3-A-17 

CHART A-3 
(Page 2 of 2) 

. ENGINE CRANKS BUT WILL NOT RUN 
5.0L (VIN F) & 5.7L (VIN 8) ,.F,, CARLINE (PORT) 

,---------, 
: FROM : 
: A-3 : 
1 (1 OF 2) 1 L- ______ J 

NO BUNKING LIGHT 
AT INJECTOR 

NOUGHT 

G). IGNITION •oN• 

• PROBE INJECTOR HARNESS 
TERMINALS WITH A TEST LIGHT TO 
GROUND. 

• UGHTSHOULDBE.ON.ATBOTH 
TERMINALS. 

UGHT-oN·aoTH 

0 • RECONNECT INJECTOR(S) 
• IGNITION"OFr. 
• DISCONNECT ECM 
• IGNITION •ON•. 
• PROBE TERMINALS •015• AND "D16'" 

WITH A TE~T LIGHT TO GROUND. 

G) REFER TO FACING PAGE. 

STEADY LIGHT 

• CHECK INJECTOR DRIVER ORCUIT WITH STEADY 
LIGHT FOR SHORT TO GROUND. 

• IF CIRCUIT IS NOT SHORTED, CHECK.RESISTANCE 
ACROSS EACH INJECTOR IN THE ORCUIT. 

• RESISTANCE SHOULD BE GREATER THAN 10 OHMS. 

FAULTYECM 

LIGHT .ON• ONE 

DUE TO INJECTORS WIRED IN 
PARALLEL THERE SHOULD BE A 
LIGHT ON BOTH TERMtNALS. 

IF NOT, THE PROBLEM IS AN OPEN 
IN THE HARNESS TO THE TESTED 
INJECTOR. 

OPEN CKT ~7 OR 468 

REPAIR SHORT TO GROUND 
OR REPLACE ANY INJECTOR 
THAT MEASURES UNDER 10 
OHMS. 

REPAIR OPEN IN INJECTOR 
FEED QRCUIT. 

2-11-87 
• 7S3284-6E 



6E3-A-18 5.0L (VIN F) & 5.7L (VIN 8) DRIVEABIUTY AND EMISSIONS: 

FUEL RAIL-----~ 

7-16-87 

FUEL RETURN LINE 

CHARTA-7 
(Page 1 of 2) 

FUEL FILTER 

FUEL PRESSURE LINE 

FUEL SYSTEM DIAGNOSIS 
5.0L (VIN F) & 5.7L (VIN 8) nF" CARLINE (PORT) 

Circuit Description: . 
When the ignition switch is turned "ON," the electronic control module (ECM) will turn "ON" the in-tank 

fuel pump. It will remain "ON" as long as the engine is cranking or running, and the ECM is receiving . 
reference pulses. If there are no reference pulses, the ECM will shut .. OFF" the fuel pump within 2 seconds after 
ignition "ON" or engine stops. . 

The pump will deliver fuel to the fuel rail and injectors, then to the pressure regulator, where the system 
pressure is controlled at 234 to 325 kPa (34 to 47 psi). Excess fuel is then returned to the fuel tank. 

Test Description: Numbers below refer to circled • Injector(s) sticking open. 
numbers on the diagnostic chart. 4. An injector sticking open can best be determined 
l. Wrap a shop towel around the fuel pressure . by cheeking for a fouled or saturated spark plug(s). 

connector to absorb any small amount of fuel If a leaking injector cannot be determined by a 
leakage that may occur when installing the gage. fouled or saturated spark plug, the following 
Ignition "ON," pump pressure should be 280-325 procedure should be used: . . . 
KPa (40.5-47 psi). This pressure is controlled by • Remove Plenum, and remove fuel rail bolts. 
spring pressure within the regulator assembly. Follow the procedures in the Fuel Control 

2. When the engine is idling, the manifold pressure Section of this manual, but leave fuel lines 
is . .low (high vacuum) and is applied to the fuel connected. 
regulator diaphragm. This will offset the spring • Lift fuel rail out just enough to observe 
and result in a lower fuel pressure. This idle injector nozzles in the ports. 
pressure will vary somewhat depending on CAUTION: BE SURE INJECTOR(S) ARE NOT ALLOWED 
barometric pressure; however, the pressure idling TO SPRAY ON ENGINE AND THAT INJECTOR· 
should be less, indicating pressure regulator RETAINING CLIPS ARE INTACT. THIS SHOULD BE 
control. CAREFULLY FOLLOWED TO PREVENT" FUEL SPRAY ON 

3. Pressure that continues to fall is caused by one of ENGINE WHICH WOULD CAUSE A FIRE HAZARD. 
the following: • Pressurize the fuel system and observe injector 
• In-tank fuel pump check valve not holding. nozzles. · 
• Pump coupling hose or pulsator leaking. 
• Fuel pressure regulator valve leaking. 



DRIVEABIUTY ARD EMISSIONS 5.0L (VIN Fl & 5~7L (VIN·8) 6E3-A-t9 

......... . . 
: FROM : THIS CHART ASSUMES 
" CHART : THERE IS NO CODE 54 
: A-3 ■ . . 
■ PAGE 1. • 
• • I ■ • • • • • 

CHART A-7 -
(Page 1 of 2) 

FUEL SYSTEM DIAGNOSIS 
5.0L (VIN Fl & 5.7L (VIN 8) •F• CARLINE (PORT) 

0 • Ill STALL FUEL PRESSURE GAGE, H_.730-1 OR E®,IVALENT. 
• IGNmoN ·oF,- FOR 10SECONDS. AJC·OFF·. . 
• IGNmON '"ON•. FUEL PUMP WILL RUN FOR ABOUT 

2SECONDS. 

NOTE: 
THE IGNITION MAY HA VE TO BE CYCLED •oN• 
MORE THAN ONCE TO OBTAIN MAXIMUM 
PRESSURE. . 

• Non FUEL PRESSURE, WITH PUMP RUNNING SHOULD IE 
280-325 kPa (40.5"'7 psi) AND HOLD STEADY WHEN PUMP 
STOPS. ALSO," IS NORMAL FOR THE PRESSURE TO 

tJROP SLKiHTL Y WHEN THE PUMP STOPS. I 

START AND IDLE ENGINE 
AT NOflMAL OPERA TING 
nMPERA TURE. 

• PRESSURE SHOULD BE 
LOWER BY 21-69 kPa 
(3-10 psi). 

I 

NO TROUBLE 
FOUND. REVIEW 
SYMPTOMS 
SECTION •a•. 

I 
NOTOK 

• USING AN EXTERNAL VACUUM 
SOURCE, APPLY 10 INCHES OF 
VACUUM TO FUEL PRESSURE 
REGULATOR. 

• FUEL PRESSURE SHOULD DROP 
21-69 kPa (3-10 psi). 

I 

REPAIR 
VACUUM 
SOURQTO 
REGULATOR. 

I 
NOTOK 

I 
REPlACE 
REGULATOR. 
ASSEMBLY 

■ 

I 
I NOT OK I 

I 
I I I 

'3' PRESSURE BUT I 
\V NOT HOI.DfNG I PRESSURE BELOW I 

280 kPa (40.5 ps,1 I PRESSURE ABOVE I 
325 kPa (.-7 psi) 

NO 
PRESSURE 

• IGNmON •Off'" FOR 
10SECONDS. 

• IGNmON ·oN· 
• BLOCX FUEL PRESSURE LINE 

BY PINCHING FLEX HOSE. 
PRESSURE SHOULD HOLD. 

I 
NOT HOLDING I 

I 

I 
••• I •.. 
• SEE " 
: CHART: 
• A-7 " 
: (2 of 2) : 
••••• 41 • 

I 
HOLDS I 
I 

• IGNmoN-oFF·. 
• APPLY12VOLTS 

TO FUEL PUMP 
nsT TERMINAL. 

• LISnN FOR FUEL 
PUMP RUNNING. 

• IGNmON ·oFF. FOR 10 SECONDS. CHECK: 
• IGNmON ·oN·. 
• BLOCK FUEL RETURN LINE BY 

PINCHING HOSE. 
• RECHECK PRESSURE. 

HOLDS I 

FAULTY FUEL I 
PRESSURE REGULA TOR. 

PUMPRUNS I 
I 

CHECK FOR: 
• PLUGGED IN-LINE FILTER. 
• PLUGGED PUMP INLET FILnR. 
• RESTRfCTED FUEL LINE. 
• DISCONNECTED COUPLING 

HOSE OR PULSATOR. 

IFOK I 
I 

I 

• LEAKING PUMP 
COUPLING HOSE OR 
PULSATOR. 

• FAULTY IN-TANK PUMP. 

I 
NOT HOlOING I 
I 

0 LOCAn AND CORRECT I 
LEAKING INJECTOR(S). 

PUMP NOT RUNNING 
I 

CHECICFOR: 
• OPEN WIRE IN CKT 120 
• OPEN PUMP. GROUND 

CKT150 

IFOK I 
I 

I REPLACE IN-TANKFUELPUMP I 7-16-87 
BS46751E 



6E3-A-20 5.0L (VIN F) & 5. 7L (VIN 8) DRIVEABIUTY AND EMISSIONS 

FUEL RAIL-----...._ 

FUEL FILTER 

FUEL PRESSURE LINE 

FUEL RETURN LINE 

55 1775 

CHART A-7 
(Page 2 of 2) 

FUEL SYSTEM DIAGNOSIS 
5.0L (VIN F) & 5.7L (VIN 8) ''F" CARLINE (PORT) 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Fuel pressure less than 280 kPa (40.5 psi) falls . 

into two areas: 
• Regulated pressure less than 280 kPa 

(40.5 psi). System will be lean and may set 
Code 44. Also, hard starting cold and overall 
poor performan~. 

• Restricted° flow causing pressure drop -
Normally, a vehicle with a fuel pressure ofless 
than 165 kPa (24 psi) at idle will not be 
driveable. However, if the pressure drop 
occurs only while driving, the engine will 
normally surge then stop running as pressure 
begins to drop rapidly. This is most likely 
caused by a restricted. fuel line or plugged 
filter. 

2. Restricting the fuel return line allows the fuel 
pressure to build above regulated pressure. With 
battery voltage applied to the pump test terminal, 
pressure should rise to 414 k.Pa (60 psi) as the fuel 
return hose is gradually pinched. 

NOTICE: Do Not allow fuel pressure to exceed 414 
kPa (60 psi) , damage to _the pressure 
regulator may result. 

3. This test determines if the high fuel pressure is 
due to a restricted fuel return line or a pressure 
regulator problem. 



DRIVEABfL.rrY AND EMISSIONS 5.0L (VfN F) & 5. 7l -(VIN 8}' 6E3-A_.2:1 

NOTICE: FUEL SYSTEM UNDER PRESSURE. TO AVOfD FUEL SPILLAGE, REFER 

_ TO FIELD SERVfCE PROaDURES FOR TESTING OR MAKING REPAIRS 

REQUIRING DISASSEMBLY OF'FUEL LJNES OR FrrTfNGS. 

CHART A-7 
(Page 2 of 2) 

FUEL SYSTEM DIAGNOSIS 
5.0L (VIN F) & 5. 7L (VIN 8) 

"F" CARLINE {PORT) _ 
........ -
• FROM • 
• CHART : 

A-7 
• (1 of 2) • 

0 HAS PRESSURE BUT LESS 
THAN 280 kPa (40.5 psi ). 

CHECK FOR RESTRICTED FUEL LINES OR IN-LINE FILTER. 

0 . IGNmoN-oFF". 

REPLACE FILTER OR REPAIR 
FUEL LINE AND RECHECK. 

• APPLY 12 VOLTS TO FUEL PUMP RELAY 
HARNESS TERMINAL• A" OR FUEL PUMP 
TEST CONNECTOR. 

• SLOWLY PINCH FUEL RETURN HOSE. 
PRESSURE SHOULD RISE ABOVE 325 kPa 
(47 psi). DO NOT ALLOW PRESSURE TO 
EXQED414 kPa (60 psi). 

PRESSURE BUT LESS THAN 
280 kPa (40.5 psi ). 

FAULTY IN-TANK 
• FUELPUMP 
• COUPLING HOSE OR 

PULSATOR 
• INLET FILTER 
• WRONG FUEL PUMP 

ABOVE 325 kPa (47 psi). 

G) • DtSCONNECT FUEL RETURN LINE FLEXIBLE Hos:E.c 
• ATTACH si16 I.D. FLEX HOSE fo PRESSURE 

REGULA TOR SIDE OF RETURN LINE. INSERT THE 
OTHER ENO IN AN APPROVED GASOLINE 
CONTAINER. 
NOTE FUEL PRESSURE WITHIN 2 SECONDS 
AFTER IGNITION •oN." 

ABOVE 325 kPa (47 psi ) 

CHECK FOR RESTRICTED 
FUEL RETURN LINE FROM 
FUEL PRESSURE 
REGULATOR TO POINT 
WHERE FUEL LINE WAS 
DISCONNECTED. 

IF LINE OK REPLACE FUEL 
PRESSURE REGULA TOR. 

280-325 kPa 
(40.5::47 psi ) 

LOCAT'E°AND 
CORRECT RESTRICTED 
FUEL RETURN LINE TO 
FUEL TANK. 

CLEAR CODES AND CONFIRM "O.OSED LOOP" OPERATION AND NO "SERVICE ENGINE SOON" LIGHT. 

• 55 1627-6E 
4-27-88 



6E3-A-22. 5.0L {VIN F) & -5.7l (VIN 8) DRIVEABILITY AND EMISSIONS 

6-24-88 

,----<~-------------- PPL.412 

EXHAUST 
ENGINE 

GROUND 

CODE 13 
OXYGEN SENSOR CIRCUIT 

(OPEN CIRCUIT) 

ECM 

02SENSOR 
SIGNAL 

Ci GROUND 
ORQJIT 

5.0L (VIN F) & 5.7L (VIN 8) ''F" CARLINE (PORT) 
Circuit Description: 

2-20-87 
450790-iE 

The ECM supplies a voltage of about .45 volt between terminals "D7" and "D6". (If measured with a 10 
megohm digital voltmeter, this may read as low as .32 volt.) The 02 sensor varies the voltage within a range of 
about 1 volt if the exhaust is rieh, down through about .10 volt if exhaust is lean. · 

The sensor is like an open circuit and produces no voltage when it is below 360 ° C(600°F). An. open sensor 
circuit or cold sensor causes "Open Loopn operation. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 13 WILL SET: 

• Engine at normal operating temperature 
(above 80°C/176°F). 

• At least 2 minutes engine time after start. 
• 02 signal voltage steady between .35 and .55 

volt. 
• Throttle position sensor signal above 5%. 

(about .3 volt above closed throttle voltage). 
• All conditions must be met for · about 60 

seconds. 
If the conditions for a Code 13 exist, the 
system will not go "Closed Loop." 

2. This will determine if the sensor is at fault or the 
wiring or ECM is the cause of the Code 13. 

3. For this test use only a high impedance digital volt 
ohmmeter. This test checks the continuity ofCKT 
412 and CKT 413. If CKT 413 is open, the ECM 
voltage on CKT 412 will be over .6 volt (600 m V). 

_ Diagnostic Aids: 

Normal "Scan" voltage varies between l00mV to 
999mV (.1 and 1.0 volt) while in "Closed Loop." Code 
13 sets in one minute if voltage remains between .35 
and .55 volts, but the system will go "Open Loop" in 
about 15 seconds. 

Refer to 'Toterm.ittents" in Section "B". 



DRIVEABILITY AND EMISSIONS 5.0L. (VIN F) ·& 5.7L {VIN 8) 6E3-A-23 

CODE .13 
OXYGEN SENSOR CIRCUIT 

(OPEN CIRcum 
·s.OL (VIN F) & 5.7L (VIN 8) ~i=• CARLINE (PORT) 

1 ENGINE AT NORMAL OPERA TING TEMPERATURE (ABOVE arc/176"F). 
• RUN ENGINE ABOVE 1200 RPM FOR TWO MINUTES. 
• DOES ·SCAN· TOOL INDICATE ·a.oSED LOOP-? 

DISCONNEO Oz SENSOR. 
• JUMPER HARNESS OCT 412 (ECM SIDE) TO 

GROUND. 
• •SCAN• TOOL SHOULD DISPLAY Oz VOLTAGE 

BELOW .2 VOLT (200 mV) WITH ENGINE RUNNING. 
DOESITT 

© • REMOVE JUMPER. 
• IGNmON ·oN·. ENGINE ·oFF·. 
• CHECK VOLTAGE OF OCT 412 (ECM SIDE) AT 02 

SENSOR HARNESS C0NNEO0R USING A DVM. 

OVER .6 VOLT 
(600mV) 

OPENCKT413 
OR 
FAULTY CONNECTION 
OR 
FAULTYECM. 

COOE 13 IS INTERMITTENT. IF NO 
ADDITIONAL CODES WERE STORED. REFER TO 
•DIAGNOSTIC AIDS• ON FAONG PAGE. 

FAUi.TY Oz SENSOR CONNECTION 
OR 
SENSOR. 

OPENCKT 412 
OR 
FAULTY ECMCONNECTI0N 
OR 
FAULTYECM. 

a.EAR CODES ANO CONRRM ·a.osED LOO,- OPERATION AND NO ·sERYICE ENGINE SOON- UGHT. 
5-3-88 

•7S3054-6E 



6E3-A-24 5.0L (VIN F) .& 5.7L (VIN 8) DRIVEABILITY AND EMISSIONS 

6-24-88 

COOLANT TEMPERA JURE 
SENSOR 

TOTPSAND 
MAT SENSORS 

CODE 14 
COOLANT TEMPERATURE SENSOR CIRCUIT 

(HIGH TEMPERATURE INDICATED) 

ECM 

COOLANT SENSOR SIGNAL 

SY 

SENSOR 
GROUND 

5-20-88 
6S2565·6EA 

5.0L (VIN F) & S.7L (VIN 8) "F" CARLINE (PORT) 
Circuit Description: . 

The coolant temperature sensor uses a thermistor to control the signal voltage to the ECM. The ECM 
applies a voltage on CKT 410 to the sensor. When the engine coolant is cold, the sensor (thermistor) resistance 
is high, therefore, the ECM wift,see high signal voltage. . 

As the engine coolant warms, the sensor resistance becomes less, and the voltage drops. At normal engine 
operating temperature (85°C to 95°C or 185°F to 203°F), the voltage will measure about 1.5 to 2.0 volts. 

Test Desuiption: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 14 will set if: 

• signal voltage indicates a coolant temperature 
above 130°C (266°F) for 3 seconds 

2. This test will determine if CKT 410 is shorted to 
ground which will cause the conditions for Code 
14. 

Diagnostic Aids: 

Cheek harness routing for a potential short to 
ground in CKT 410. 

"Scan" tool displays engine temperature in 
degrees centigrade. After engine is started, the 
temperature should rise steadily to about 90°C 
(194°F), then stabilize when thermostat opens. 

Refer to "lntermittents" in Section "B". 



DRIVEABILITY AND EMISSIONS 5.0L (VIN F) -& -S~7L..:(VJN 8)- 6E3-A-25 

© DOES •SCAN• TOOL DISPI.A Y COOLANT 
TEMPERATURE OF 130°C OR HIGHER? 

DISCONNECT SENSOR. 
•sCAN• TOOL SHOULD·DISPLA Y 
TEMPERATURE BELOW ·30"C. 
DOESln 

REPLACE SENSOR. 

DIAGNOSTIC AID 

COOLANT SENSOR 

TEMPERATURE VS. RESISTANa VALUES 

(APPROXIMATE) 

"F "C OHMS 

210 100 185 

160 70 450 

100 38 1,800 

70 20 3,400 

40 4 7,500 

20 -7 13.SOO 

0 -18 25,000 

~ -40 100,700 

CODE 14 
. . . 

COOLANT TEMPERATURE SENSOR CIRCUIT 
(HIGH TEMPERATURE INDICATED) . 

5.0L (VIN F) & 5. 7L (VIN 8) "F• CARLINE (PORT) 

CODE 1415 INTERMITTENT. IF NO 
ADDITIONAL CODES WERE STORED, REFER 
TO •DIAGNOSTIC AIDS• ON FACING PAGE. 

CKT410 SHORTEDTOGROUND, 
OR 
CKT 410 SHORTED TO SENSOR GROUND CIRCUIT , 
OR 
FAULTYECM. 

CLEAR CODES AND CONFIRM "CLOSED LOOP• OPERATION AND NO •SERVICE ENGINE SOON" LIGHT. 
5-26-88 

•7S3055-6E 



6E3-A-26 5.0L (VIN f) & 5.7L (VIN 8) . DRIVEABILJTY AND EMISSIONS 

COOLANT TEMPERATURE 
SENSOR 

ECM 

..__ _______ 410YEL ---.t 

COOLANT SENSOR SIGNAL 

5V 

.__ _________ 452 BLK ---1 

SENSOR 
GROUND 

TOTPSAND 
MAT SENSORS 

6-27-88 
5-20-88 
6S2565-6EA 

CODE15 
COOLANT TEMPERATURE SENSOR CIRCUIT 

(LOW TEMPERATURE INDICATED) 
5.0L (VIN F) & 5.7L (VIN 8) ••F" CARLINE (PORT) 

Circuit Description: 
The coolant temperature sensor uses a thermistor to control the signal voltage to the ECM. The ECM 

applies a voltage on CKT 410 to the sensor. When the engine coolant is cold, the sensor (thermistor) resistance 
is high, therefore, the ECM will see high signal voltage. 

As the engine coolant warms: the sensor resistance becomes less, and the voltage drops. At normal engine 
operating temperature (85°C to 95°C or 185°F to 203°F), the voltage will measure about 1.5 to 2.0 volts at the 
ECM. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 15 will set if: 

• Engine coolant temperature less than -39° C (-
380 F) for 3 seconds. 

2. This test simulates a Code 14. If the ECM 
recognizes the low signal voltage, (high 
temperature) and the "Scan" reads 130°C (266°F) 
or above, the ECM and wiring are OK. 

3. This test will determine ifCKT 410 is open. There 
should be 5 volts present at sensor connector if 
measured with a DVM. 

Diagnostic Aids: 

A "Scan" tool reads engine coolant temperature in 
degrees centigrade. After engine is started the 
temperature should rise steadily to about 90°C (190°F) 
then stabilize when thermostat opens. 

A faulty connection, or an open in CKT 410 or 452 
will result in a Code 15. 

If Code 21 or 23 is al~ set, check CKT 452 for faulty 
wiring or connections. ·check terminals at sensor for 
good contact. 

Refer to "Intermittents" in Section '13". 



DRIVEABIUTY AND EMISSIONS 5.0L -(VIN F) · & 5. 7L (VIN 8) 6E3-A-27 

CODE15 
COOLANT TEMPERATURE SENSOR CIRCUIT 

(LOWTEMPERATURE INDICATED) 
5.0L {VIN F) & S.7L (VIN 8) "F" CARLINE (PORT) 

0 • DOES •SCAN• TOOL DISPLAY COOLANT TEMPERATURE OF-30-C OR LESS? 

0 • DtSc:.'bNNEO SENSOR. 
• JUMPER HARNESS TERMINALS TOGETHER. 
• ·sCAr TOOL SHOULD DISPLAY 130°C OR MORE. 

DOESITI 

© • JUMPERCKT410TOGROUND. 
• ·sCAN-TOOL SHOULD DISPLAY OVER 130°C. 

DOEsm 

OPEN SENSOR GROUND 
ORCUIT, FAULTY CONNECTION 
OR FAULTY ECM. 

DIAGNOSTIC AID 

COOLANT SENSOR 

CODE 1515 INTERMITTENT. IF NO 
ADOmONAL CODES WERE STORED, REFER 
TO •DIAGNOSTIC AIDS" ON FAONG PAGE. 

FAULTY CONNECTION OR SENSOR. 

OP£NCKT 410,FAULTY 
CONNECTIONATECM,OR 
FAULTYECM. 

TEMPERATURE TO RESISTANCE VALUES 

(APPROXIMATE) 

"F ·c OHMS 

210 100 185 

160 70 450 

100 38 1,800 

70 20 3,400 

40 4 7,500 

20 -7 13,500 

0 -18 25,000 

-40 -40 100,700 

a.EAR CODES AND CONFIRM -CLOSED LOOP- OPERATION AND NO ·seRVta ENGINE SOON- LIGHT. 
S-26-88 

•7S3261-6E 



6E3-A-28 5.0L (VIN F) & 5.7L (VIN 8) DRIVEABILITY AND EMISSIONS 

IDLE 

THR0mE 
POSITION 
SENSOR 

6-27-88 

FRONTVJEW TO MAT AND 
OFC0NNEO0R C00~NT 

SENSORS 

A 452 BLK 

B 417DK.BW 

C 416GRY 

CODE 21 
THROTTLE POSITION SENSOR (TPS) CIRCUIT 

(SIGNAL VOLTAGE HIGH} 
5.0L (VIN F) & 5.7L (VIN 8) "F" CARLINE (PORn 

Circuit Description: 

ECM 

SENSOR 
GROUND 

TPSSIGNAL 

SY 
REFEREP4CE 

7-15-87 

'"652564-6£ 

The throttle position sensor (TPS) provides a voltage signal that changes relative to the throttle blade. 
Signal voltage will vary from about .5 at idle to about 5 volts at wide open throttle. 

The TPS signal is one of tl\~ most important inputs used by the ECM for Cuel control and for most of the 
ECM controlled outputs. 

TestDescription: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 21 will set if: 

• TPS signal voltage is greater than 2.5 volts 
• Engine is running . 
• Mass air flow is less than 12 GM/sec. 
• All conditions met for 3 seconds. 

OR 
• TPS signal voltage over about 4.8 volts with 

ignition .. ON." 
With throttle closed, the TPS should read less 
than .62 volt. If it dqesn't check adjustment. 

2. With the TPS sensor disconnected, the TPS 
voltage should go low if the ECM and wiring are 
OK. 

3. Probing CKT 452 with a test light checks the 5V 
return CKT, because a faulty 5 volts return will 
cause a Code 21. 

Diagnostic Aids: 

A "Scan" tool reads throttle position in volts. With 
ignition "ON" or at idle, voltage should read .54V ± 
.08V with throttle closed and increase at a steady rate 
as throttle is moved toward WOT. · 

An open in CKT 452 will result in a Code 21. 
Refer to "Intermittents" in Section "B". 



DRIVEABILITY AND .EMISSIONS 5.0L. (VIN F} & S:7L fVINS) 6E3-A:29 

CODE2-1 
THROTTLE POSmON SENSOR (TPS) CIRCUIT 

_ (SIGNAL VOLTAGE HIGH) _ 
·S.0L (VIN F) & 5.7L (VIN 8) "F• CARLINE (PORT) 

0 • THROmE 0.-0SED. 
DOES •sCAN• TOOL DISPLAY TPS OVER 2.5 VOLTS? 

© • DISCONNECT SENSOR. •SCAN• TOOL SHOULD 
DISPLAY TPS BELOW .2 VOLT (200mV). 
DOESITT 

© • PROBE SENSOR GROUND ORCUIT 
WITH A TEST LIGHT CONNECTED TO 
BATTERY VOLTAGE. 

FAULTY CONNEC110N 
OR 
SENSOR. 

CODE 2115 INTERMITTI:NT. If NO ADDITIONAL CODES WERE 
STORED, REFER TO •otAGNOSTICAIDS• ON FAONG PAGE. 

CKT 417 SHORTED TO VOLTAGE 
OR 
FAULTYECM. 

OPEN SENSOR GROUND CIRCUIT 
OR 
FAULTYECM. 

CUAR CODES AND CONFIRM "Q.OSED LOOP" OPERATION AND NO •sERVICE ENGINE SOON" LIGHT. 
3-9-88 

•7S3057-6E 



6E3-A-30 5.0L (VIN F) & 5. 7L (VIN 8) DRIVEABILITY AND EMISSIONS 

THROTTLE 
POSmON 
SENSOR 

6-27-88 

FRONTVIEW 
OF CONNECTOR 

TO MAT AND 
COOLANT 
SENSORS 

(9j-ll--------....,_ ___ 452 BLK 

\.WfHirf---------- 41701<. BLU 

CODE 22 
THROTTLE POSITION SENSOR (TPS} CIRCUIT 

(SIGNAL VOLTAGE LOW) 
5.0L (VIN F} & 5.7L (VIN 8) "F" CARLINE (PORT} 

Circuit Description: 

ECM 

SENSOR 
GROUND 

7-15-87 

"6S2564-6E 

The throttle position sensor (TPS) provides a voltage signal that changes relative to the throttle blade. 
Signal voltage will vary from about .5 at idle to about 5 volts at wide open throttle. 

The TPS signal is one of tpe most important inputs used by the ECM for fuel control and for most of the 
ECM controlled outputs. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 22 will set if: 

• Engine running 
• TPS signal voltage is less than about .2 volt for 

3seconds. 
2. Simulates Code 21: (high voltage) If the ECM 

recognizes the high signal voltage the ECM and 
wiring are OK. 

3. TPS adjustment: With throttle closed, the TPS 
voltage reading should be .54 V ± .08V. 

4. This simulates a high signal voltage to check for 
anopeninCKT417. 

Diagnostic Aids: 

A "Scan" tool reads throttle position in volts. With 
ignition .. ON" or at idle, voltage should re~ .54V ± 
.08V with throttle closed and increase at a steady rate 
as throttle is moved toward WOT. 

An open or short to ground in CKTs 416 or 417 
will result in a Code 22. 

Refer to "Intennittents" in Section "B". 



DRIVEABILITY AND EMISSIONS S~OL (VIN F) & 5.7L (VIN 8)· 6E3~A..:31'-

CODE 22 
THROTTLE POSITION SENSOR (TPS) CIRCUIT 

(SIGNAL VOLTAGE LOW) 
5.0L (VIN F) & 5.7L (VIN 8) 1'F" CARLINE (PORT) 

0 • THROffiE CLOSED. . 
DOES "SCAN• DISPt.A V TPS .2V (200 mV) OR BELOW? 

© • DISCONNECT TPS SENSOR. 
• JUMPER CKTS 416 &417 TOGETHER. 

.. SCAN• SHOULD DfSPLA Y TPS OVER 4.0 V (4000 mV). 
DOESIT? 

PROBE CKT 417 WITH A TEST LIGHT 
CONNECTED TO BATTERY VOLTAGE • 
.. SCAN. TOOL SHOULD DISPLAY TPS OVER 
4.0V (4000 mV). 
ooEsm 

CKT 416 OPEN OR·SHORTED TO GROUND 
OR . 
FAUL TY CONNECTION 
OR 
FAULTYECM. 

• CODE 22 IS INTERMITTENT. . 
IF NO ADDITIONAL CODES WERE STORED, REFER TO 
•olAGNOSTIC A.IDS .. ON FAONG PAGE • 

REFER TO FAONG PAGE FOR 
SPECIFIC INSTRUCTIONS. 

CKT 417 OPEN OR SHORTED TO GROUND, OR 
SHORTED TO SENSOR GROUND CIRCUIT 
OR 
FAULTY ECM CONNECTION 
OR 
FAULTYECM. 

0.EAR CODES AND CONFIRM .. Q.OSED LOOP• OPERATION AND NO •sERVICE ENGINE SOON. LIGHT. 
3-10-88 

•753365-6E 



6E3-A-32 5.0L .(VIN F) & S.7L (VIN 8) DRIVEABILITY AND EMJSSIONS 

MANIFOLD AIR 
·TEMPERATURE 

SENSOR 

ECM 

MAT SENSOR SIGNAL 

'----------':~ >>---472TAN 

~--.:---1------':~ >~-•r-- 452 BLK 
SENSOR GROUND 

6-27-88 

JUMPER 
HARNESS 

TOTPS AND 
COOLANT 

TEMPERATURE 
SENSOR 2-12-87 

•SS 1373-&E 

CODE 23 
MANIFOLD AIR TEMPERATURE (MAT) SENSOR CIRCUIT 

(LOW TEMPERATURE fNDICATED) 
5.0L (VIN F) & 5.7L (VIN 8) ••F" CARLINE (PORT) 

Circuit Description: 
The manifold air temperature (MAT) sensor uses a thermistor to control the signal voltage to the ECM. The 

ECM applies a voltage (about 5 volts) on CKT 472 to the sensor. When the manifold air is cold, the sensor 
(thermistor) resistance is hig:tt,, therefore, the ECM will see a high signal voltage. If the manifold air is warm, 
the sensor (thermistor) resistance is low, therefore, the ECM will see a low voltage. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 23 will set if: 

• A signal voltage indicates a manifold air 
temperature below - 30°C (-22°F) for 12 
seconds. 

• Time since engine start is 1 minute or longer. 
• No VSS ( vehicle not moving) 

2. A Code 23 will set, due to an open sensor, wire or 
connection. This test will determine if the wiring 
and ECM are OK. The MAT sensor is difficult to 
reach and this test can be performed by 
disconnecting the MAT jumper harness connector. 
If the "Scan" indicates a temperature of over 
130°C (266°F) the jumper harness to the sensor 
should be checked before replacing the sensor. 

3. This will determine if the signal CKT 472 or the 
5V return CKT 452 is open. 

Diagnostic Aids: 

A "Scan" tool reads temperature of the air 
entering the engine and should read close to ambient 
air temperature when engine is cold, and rises as 
underhood temperature increases. 

Carefully check harness and connections for 
possible open CKT 472 or CKT 452. 

Refer to "Intermittents" in Section "B". 



DRIVEABILITY AND EMISSIONS 5.0L (VIN f) & 5.7L (VIN 8) 6E3-A-33 

CODE 23 · 
MANIFOLD A_IR TEMPERATURE (MAT) SENSOR CIRCUIT 

:. (LOW TEMPERATURE INDICATED) 
5.0L (VIN F) & 5.7L _(VIN 8) "F" CARLINE (PORT) 

1 • DOEs-sCAN.TOOLDISPLAYMAT-30"CORCOLDER? 

• JUMPER HARNESS TERMINALS 
TOGETHER. 

• '"SCAN.TOOLSHOULDDISPLAY 

TEMPERATURE OVER 130-C. 
DOESITI 

DIAGNOSTIC AID 

MAT SENSOR 

TEMPERATURE VS. RESISTANCE VALUES 

(APPROXIMATE) 

"F . •c OHMS 

210 100 185 

160 70 450 

100 38 1,800 

70 20 3,400 

40 4 7,500 

20 -7 13,500 

0 -18 25,000 

-40 -40 100,700 

CODE 23 IS INTERMITTENT. IF NO 

ADDITIONAL CODES WERE 

STORED, REFER TO •DIAGNOSTIC 

Alos· ON FAONG PAGE. 

0 • JUMPER CKT 472 TO GROUND. 
• ·scAN- TOOL SHOULD DISPLA y 

TEMPERATURE OVER no•c. 
DOESITI 

OPEN SENSOR 
GROUND CIRCUIT, 

FAULTY CONNECTION 

OR FAULTY ECM. 

OPEN CKT 472, 

FAULTY CONNECTION 

OR FAUL TY ECM. 

Cl.EAR CODES AND CON ARM ·aoSED LOOP- OPERATION AND NO ·seRVICE ENGINE SOON- LIGHT. 
9-21-87 
•753285-61: 



6E3-A-34 5.0L (VIN F} & 5.7L (VIN 8)- .DRIVEABIUTY AND.EMISSIONS 

6-27-88 

VEHIQ.E SPEED 
SENSOR 

15-WAY J.P. CONNECTOR 

TO CRUISE 
CONTROL 

I.P. 
CONNECTOR 

...__ _____ ----<( .. (...---- BRN 437 

K 

P/NSWITCH 

r BLICIWHT '50 -e '-ORN/BLK434 

_L 0.0SEDIN -=- PARIC OR NEUTRAL 

CODE24 
VEHICLE SPEED SENSOR (VSS) CIRCUIT 

5.0L (VIN F) & 5.7L (VIN 8) .. F,. CARLINE (PORT) 
Circuit Description: 

ECM 

VSSSIGNAL 

5-2D-88 
*7S3378-6E 

The ECM applies and monitors 12 volts on CKT 437. CKT 437 connects t.o the vehicle speed sensor buffer 
which alternately grounds CKT 437 when drive wheels are turning. This pulsing action takes place about 2000 
times per mile and the ECM will calculate vehicle speed based on the time between "pulses. n 

A "Scan" t.ool reading sho~ld closely match with speedometer reading with drive wheels turning. 

Test Desuiption: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 24 will set if: 

• CKT 437 voltage is constant. 
• Engine speed between 1400 and 3600 rpm. 
• Less than 2% throttle opening, about .l0V 

(100m V) above closed throttle. 
• Low load condition (low air flow). 
• Not in park or neutral. 
• All conditions must be met for 4 seconds. 
These conditions are met during a road load 
deceleration. 

2. A voltage of less than 1 volt at the 15-way 1/P 
connector indicates that the CKT 437 wire may be 
shorted to ground.· Disconnect CKT 437 at the 
VSS buffer. If volt.age now reads above 10 volts, 
the VSS buffer is faulty. If volt.age remains less 
than 10 volt, then CKT 437 wire is grounded or 
open. If 437 is not grounded or open, check for a 
faulty ECM connector or ECM. 

Diagnostic Aids: 

If "Scan" displays vehicle speed, check 
park/neutral switch CHART C- IA on vehicle with 
auto transmission. If switch is OK, check for 
intermittent connections. An open or short to ground 
in CKT 437 will result in a Code 24. If the customer 
also complained about a loss of mph on the I.P., check 
the P.M. generator circuit. Refer to Section "SA" for 
complete wiring diagram. 

Refer to "Intermitt.ents" in Section "B•. 



NOTE: 

DRIVEABILITY AND EMISSIONS 5.0L (VIN F)" & 5.7L-·(VfN 8) 6E3-A-35 

CODE 24 
VEHICLE SPEED SENSOR (VSS).CIRCUIT 

5.0L (VIN F) & 5.7L (VIN 8) "F" CARLINE (PORT) 

TO PREVENT MISDlAGNOSIS, THE TECHNICIAN SHOULD REVIEW ELECTRICAL SECTION •sA • OR 

THE ELECTRICAL TROUBLESHOOTING MANUAL AND IDENTIFY THE TYPE OF VEHICLE SPEED 

SENSOR USED PRIOR TO USING THIS CHART. DISREGARD CODE 24 IF SET WHEN DRIVE WHEELS 

ARE NOT TURNING. 

· 0 • ASSUMES SPEEDOMETER IS WORKING OK. 

0 

• RAISE DRIVE WHEELS. 
• WITH ENGINE IDLING IN GEAR, "SCAN" SHOULD 

DISPLAY MPH ABOVE O. 
DOESIT? 

• ENGINE STILL IDU'lfG IN GEAR. 
• BACKPROBE CKT U7 AT IP CONNECTOR WITH 

VOLTMETER TO GROUND. 
• IS VOLTAGE VARYING BETWEEN 1 AND 12 VOLTS? 

• IGNITION "OFF•. 
• DISCONNECT VSS BUFFER 
• IGNITION "ON." 
• BACK PROBE CKT 437 AT IP CONNECTOR WITH 

VOLTMETER TO GROUND. 
• SHOULD DISPLA V 10 VOLTS OR MORE. 

D0ESm 

CKT 437 OPEN BETWEEN IP 15-WAY CONNECTOR 
AND VSS BUFFER CONNECTOR 
OR 
FAUL TY BUFFER. 

CODE 24 IS INTERMITTENT. IF NO 
ADDITIONAL CODES WERE STORED, 
REFER TO • DIAGNOSTIC AIDS• 
ON FAONG PAGE • 

FAULTYECM 

CKT 437 SHORTED TO GROUND, OPEN 
BETWEEN ECM AND IP 15-WAY CONNECTOR 
OR 
FAULTYECM. 

CLEAR CODES AND CONFIRM "CLOSED LOOP" OPERATION AND NO "SERVICE ENGINE SOON" LIGHT. 
1-6-88 

•8S4684-6E 



6E3-A-36 S~0L (VIN F) & 5.7L (VIN 8) DRIVEABILITY AND EMISSIONS 

6-27-88 

MANIFOLD AIR 
TEMPERATURE 

SENSOR 

'-----~ >----412TAN 

r.....--.:----1---~~ >-,,....-•r-- 452 BLK 

JUMPER 
HARNESS 

TOTPS AND 
COOLANT 

TEMPERATURE 
SENSOR 

CODE 25 

ECM 

MANIFOLD AIR TEMPERATURE (MAT) SENSOR CIRCUIT 
(HIGH TEMPERATURE INDICATED) 

S.OL (VIN F) & 5.7L (VIN 8) ''F" CARLINE (PORT) 
Circuit Description: 

2-12-87 
•SS 1373-6£ 

The manifold air t.emperature (MAT) sensor uses a thermistor to control the signal-voltage to the ECM. 
The ECM applies a voltage (apout 5 volts) on CKT 472 to the sensor. When manifold air is cold, the sensor 
(thermistor) resistance is high, .therefore, the ECM will see a high signal voltage. If the manifold air is warm, 
the sensor (thermistor) resistance is low, therefore, the ECM will see a low signal voltage. 

Test Desuiption: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 25 will set if: 

• Signal voltage indicates a manifold air 
temperature greater than 150°C (302° F) for 2 
seconds. 

• Time since engine start is 2 minutes or longer. 
• A vehicle speed is present, greater than 5 

MPH. 

Diagnostic Aids: 

A "Scan" tool reads temperature of the air 
entering the engine and should read close to ambient 
air temperature when engine is cold, and rise as 
underhood temperature increases. 

Check harness routing for possible short to ground 
inCKT472. 

Refer to "Intermittents" in Section "B". 



DRIVEABILITY AND EMISSIONS 5.0L {VIN F) & 5. 7L {VIN 8) 6E3:..A-37· 

CODE 25 
MANIFOLD AIR TEMPERATURE (MAT) SENSOR CIRCUIT 

(HIGH TEMPERATURE INDICATED) _ 
5.0L (VIN F) & 5. 7L (VIN 8) ••Fn CARLINE (PO Rn 

0 . DOES WSCAN'" TOOL DISPLA y MAT OF 145°C OR HOTTER? 

• DISCONNECT SENSOR. 
·scAN'" TOOL SHOULD DISPLA y 
TEMPERATURE BELOW -30"C. 
DOESln 

DIAGNOSTIC AID 

MATSENSOR . 

TEMPERATURE VS. RESISTANCE VALUES 

(APP_ROXIMATE) 

"F °C OHMS 

210 100 185 

160 70 450 

100 38 1,800 

70 20 3,400 

40 4 7,500 

20 -7 13.SOO 

0 -18 25,000 

-40 -40 100,700 

CODE 2515 INTERMlmNT. 
If NO ADDITIONAL CODES WERE 
STORED, REFERTO '"DIAGNOSTIC 
AIDS'" ON FAONG PAGE. 

CKT 472 SHORTED TO GROUND, 
OR TO SENSOR GROUND, 
OR ECM IS FAULTY. 

CLEAR CODES AND CONFIRM '"CLOSED LOOP• OPERATION AND NO .SERVICE ENGINE SOON'" LIGHT. 11-23-87 
75 3190-&E 



6E3-A-38 5-.0L {VIN F) & 5.7L {VIN 8) . DRIVEABIUTY AND EMISSIONS 

PORTED 
MANIFOLD 
VACUUM 

TO 
IGN 

EGR 
SOLENOID 

N.O. 

ECM 

GAGES 
FUSE '--------1--+--------- 435GRY 

~ 39 ILKIPNK 

BUUCHEAD 

---~~~---H9DKGRN 12V 

CONNEO0R 

6-27-88 

---~ 
N.0. 6-22-88 

8S4249•6E NTAKE EGRTEMPERATURE DIAGNOSTIC SWITCH 

CODE32 
EXHAUST GAS RECIRCULATION (EGR) CIRCUIT 

5.0L (VIN F) & 5.7L (VIN 8) •Fn CARLINE (PORn 
Circuit Description: 

The EGR valve vacuum is controlled by an ECM controlled solenoid. The ECM will turn the EGR "ON" and 
"OFF" (Duty Cycle) by grounding CKT 435. The duty cycle is calculated by the ECM, based on information 
from the coolant and mass iy.r flow sensor and engine rpms. There should be (NO EGR) when in park or 
neutral, TPS input below a specified value or TPS indicating wide open throttle (WOT). 

With the ignition "ON," engine stopped, the EGR solenoid is de-energized and, by grounding the diagnostic 
"test" terminal, the solenoid is energized. 

Test Desaiption: Numbers below refer to circled 
numbers on the diagnostic chart. 

Code 32 means that the EGR diagnostic switch 
was closed during start-up or that the switch was not 
detected closed under the following conditions: 

• Coolant temperature greater than 80°C 
(176°F). 

• EGR duty cycle commanded by the ECM is 
greater than 48%. 

• TPS less than wide open throttle (WOT), but 
not at idle. · 

• Codes 21,22,33,34 not present. 
• All conditions above must be met for about 4 

minutes. 
If the switch is detected closed during start-up, or 

if the switch is detected open when the above 
conditions are met, the "Service Engine Soon" light 
will remain "ON" unless the switch changes state. 
1. This test will determine if the ECM set the code 

due to CKT 999 being grounded on start-up. If the 
"Scan" does not indicate the switch is closed but 
the customer complained of a "Service Engine 
Soon" light after start-up, then this circuit should 
be checked carefully for an intermittent grounded 
condition. 

2. If the "Scan" indicates the switch is no longer 
closed after disconnecting it, be sure the switch is 
not closed due to heat. (EGR being .. ON" prior to 
test). 

3. This test will check for a possible open in CKT 
999. The ECM supplies 9-12 volts to CKT 999 and 
the "Scan" should indicate switch being closed 
when CKT 999 is grounded. 

4. By grounding the diagnostic "test" terminal, the 
EGR solenoid should close, and allow-vacuum to 
be applied and the vacuum should hold. 

5. This test will determine if the electncal control 
part of the system is at fault or if the connector or 
solenoid are at fault. 

6. By plugging the EGR valve side and ungrounding 
the diagnostic "test" terminal, the solenoid valve 
should open and allow vacuum to bleed off through 
the vent. 

7. With the engine not running and vacuum is 
applied to the valve, the valve should move to the 
fully open position. 

8. This engine uses a negative back pressure valve 
and the valve should close when the engine is 
cranked over. 



DRIVEABILITY AND EMISSIONS 5.0L (VIN F) & 5. 7L (VIN 8) 6E3-A-39 

.CODE32 
0 • BEfORE USING THIS CHART, CHECK VAQJUM HOSES FOR EXHAUST GAS RECIRCULATION 

LEAKS• RESTRICTIONS, AND CHECK PORTED VAQJUM 
SOURCE TO EGR SOLENOID; SHOULD HAVE AT LEAST 24 (EGR) CIRCUIT . 
ltPa (7•HG) AT 2000 RPM. 5.0L (VIN F) & 5. 7L (VIN 8) • USING A •sCAN• TOOL. CHECK EGR DIAGNOSTIC 
SWITCH INPUT. •F" CARLINE (PORT) DOES ·sCAN- INDICATE SWITCH IS aOSED? 

I 

NO l YES I 
■ ■ 

G) • DISCONNECT EGR TEMP. DIAGNOSTIC SWITCH. G) • DISCONNECT EGR TEMP. DIAGNOSTIC 
• JUMPER HARNESS TERMINAL TO GND. SWITCH CONNECTOR. 
• DOES ·SCAN· INDICATE SWITCH IS aosED7 • DOES •SCAN. INDICATE SWITCH IS aOSED? 

I - ·• 

YES I NO I YES I NO I 
■ ■ ■ • 

G) • IGNITION .ON•, ENGINE STOPPED • CKT 999 OPEN, CKT 999 SHORTED WIRE TO SWITCH 
• GROUND DIAGNOSTIC TERMINAL SHORTED TO TOGND,OR SHORTED TO GND, 
• DISCONNECT VAOJUM HARNESS VOLTAGE ,FAULTY FAULTYECM. SWITCH ALREADY 

AT THE EGR SOLENOID. ECM CONN., OR aOSED DUE TO HEAT, 
• APPlYVACUUMTOTHROmE ECM. OR FAUL TY SWITCH. 

BODY SIDE OF SOLENOID. 

-• ■ 

UNABLE TO GET 33 lcPa (10,. HG) VACUUM I ABLE TO GET 33 kPa (10" HG) VACUUM I 
■ • 

G) • DISCONNECT EGR SOLENOID. G) • PLUG EGR SIDE Of SOLENOID. 
• CONNECT TEST LIGHT BE1WEEN • UNGROUND DIAGNOSTIC TERMINAL 

HARNESS CONNECTOR TERMS. • NOTE VAQJUM ( Sl:IOULD BLEED OFF). 

I 
DOESIT7 

-
■ -. .. ■ 

LIGHT.OFF .. I LIGHT-oN· I YES I NO 
■ • ■ T 

PROBE EACH FAULTY G) • IGNITION "OFF•. • DISCONNECT SOLENOID 
HARNESS SOLENOID • CONNECT A VACUUM PUMP ELECTRICAL CONNECTOR. 
CONNECTOR CONNECTION TO EGR VALVE. • NOTE VACUUM. 
TERMINAL WITH OR SOLENOID. • USING A MIRROR. OBSERVE 
A TEST LIGHT EGR DIAPHRAGM WHILE 

~ -
CONNECTED TO APPL YING VACUUM. NODROP I DROPS I 
GROUND. • DIAPHRAGM SHOULD MOVE I ■ 

FREELY AND HOLD VACUUM REPAIR SHORT FOR AT LEAST20 SECONDS. REPLACE I 
DOESIT7 SOLENOID TO GROUND IN 

CKT 435. IF NOT 

-. -. I SHORTED, IT IS 
A FAULTY ECM. 

UGHT•oN•1 LIGHT UGHT•oN•, ■ -
ONE , ·oFF· BOTH 

YES I NO 
I I 1 ■ ■ 

OPENCKT REPAIR REPAIR 0 • APPLY VACUUM TO EGR VALVE. REPLACE EGR I 
435,FAULTY .OPEN SHORTTO • START ENGINE AND VALVE. 
CONNECTION, CKT39. VOLTAGE IMMEDIATELY OBSERVE 
OR FAULTY INCKT VACUUM GAGE ON VACUUM 
ECM. 435. PUMP. 

• VALVE IS GOOD IF DIAPHRAGM 
HAS MOVED TO SEATED 
POSITION ( VALVE aOSED)AND 
VACUUM DROPPED WHILE 
STARTING ENGINE. 

-
I • 

VACUUM DROPPED I NO VACUUM DROP 
■ • 

FAULTY EGR • REMOVE EGR VALVE • 
TEMPERATURE • CHECK PASSAGES FOR BEING 
SWITCH. PLUGGED. If NOT PLUGGED, 

REPLACE VALVE. 

6-22-88 
*7S3286-6E 



6E3-A-40 5.0L (VIN F} & 5.7L (VIN 8) DRIVEABIUTY.AND EMISSIONS. 

ECM 

MAFSENSOR 
ORN 3CO 81 BATTERY + 

E BURN-OFF REL.A Y ...-F_,;;;;;,;,;,;,,;;....;.;;..;.._,;,; .. 

D 

ILK 

MAFSENSOR 

C MAF 
SIGNAL 

BURN-OFF 
SIGNAL 

RED/490 

1 15• 
WAY 

1/P 
CONN 

TO 

ORNJCO 

FUEL . .._-=:::-------~..,_- TAN/WHT 
PUMP 120· 

ORN F 
MAF 
POWER 
RELAY 

'------------------BLK/WHT450 --
---------------------BLK 452 --➔ 

'------------------------- DKGRN 998 
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CODE 33 
MASS AIR FLOW (MAF) SENSOR CIRCUIT 

(GM/SEC HIGH) 
5.0L (VIN F} & 5.7L (VIN 8) "F" CARLINE (PORT} 

Circuit Description: 

ECMGROUND 

FUELPUMP 
SIGNAL 

ROUND 
~-•MAFSIG • 

... J\M~sv 

i-22-U 
':' • 1S4250--fiE 

The mass air flow (MAf) sensor measures the amount of air which passes through it. The ECM uses this 
information t.o determine the operating condition of the engine to control fuel delivery. For a detailed 
description of the MAF sensor operation refer to Section "C". 

. The oil pressure switch or the ECM, through control of the fuel pump relay, will provide 12 volts for the 
MAF power relay which provides the 12 volts needed by the MAF sensor. 

The ECM provides a current limiting 5 volts on the signal line (CKT 998). The MAF sensor then changes 
the signal by dropping the voltage, so that with low air tlow the ECM sees a low voltage and a high air flow will 
cause the ECM to see near the 5 volts supply. · 
Test Description: Numbers below refer to circled 3 . . If a bum-off signal is present at the MAF sensor 
numbers on the diagnostic chart. with the engine running, a Code 33 will set. Be 

Code 33 indicates: ECM has seen flow in excess of sure no voltage is present on CKT 994 for the first 
45 grams per second (above about 2.2 volts) for one 2 seconds after the ignition is turned "ON," or 
second when: after the 2 second period. · 

• Engine is first started 4. The ECM sources a voltage (about 5 volts) to the 
OR MAF sensor on CKT 998. This test checks for that 

• TPS is less than¼ throttle. voltage . 
. • RPM is less than 2000. 
Due to the 5 volt pull-up resistor in the ECM if 

CKT 998 becomes open, the ECM will see a high 
voltage signal and set a Code 33. 
l. This test will determine if the conditions to set the 

code still exist. 
2. With the ALDL terminal "G" jumpered to 12 volts, 

there should be 12 volts at the sensor. If no 
voltage is present, make sure that the fuel pump is 
running. If not, repair fuel pump circuit. 

Diagnostic Aids: 

Intermittent: By jumpering the fuel pump test 
terminal (G term. of ALDL) to 12 volts, the MAF 
sensor will stay powered up and the signal line shoul-' 
see a low voltage, less than 250 m V or low grams R 
second on a "Scan" tool. By wiggling the relatetr
wiring the intermittent may be detected. Also, an 
erratic signal with the engine running may indicate 
faulty wiring or components. 
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·CODE33 

0 • a.EAR CODES • MASS AIR FLOW (MAF) SENSOR CIRCUIT 
• START AND IDLE ENGINE FOR 1 MINUTE • . - (GM/SEC HIGH) 
• DOES •sCAN• INDICATE CODE 33 SET • 5.0L (VIN F) & 5.7L (VIN 8) 11F" CARLINE (PORT) 

■ s YES I -
© • IGNmON ·oFF· • CODE 3315 INTERMITTENT. IF NO 

• JUMPER ALDL TERMINAL •G"TO 12 VOLTS USING A FUSEDJUMPER. ADDITIONAL CODES WERE 
• DISCONNECT MAf SENSOR. STORED REFER TO "DIAGNOSTIC 
• PROBE HARNESS TERMINAL '"E" (CKT 993) WITH A TEST LIGHT GROUND. AIDS" ON FACING PAGE. 

I 
I I 

nsTUGHT-oN'" I 
\ 

TESTUGHT-oFr I 
- -

REMOVE JUMPER FROM ALDL CONNECTOR • DISCONNECT MAF POWER RELAY. 
PROBE MAF SENSOR HARNESS TERMINALS • PROBE CKTS 340 & 120 WITH A 
•A• AND •a• (CKT 450) WITH A TEST LIGHT TEST LIGHT TO GROUND. 
CONNECTED TO 12 VOLTS. I 

• -• - LIGHT •OFF• ON I UGHT •oN· BOTH I 
LIGHT ·oN· BOTH I I LIGHT.OFF• ONE OR BOTH - ONE OR BOTH ■ 

© • IGNITION •ON". ■ REPAIR OPEN IN PROBE CKT 450 .A 

• PROBE HARNESS TERMINM. •o• REPAIR OPEN IN CIRCUIT THAT WITH A TEST LIGHT 
(CKT9M)WITH A VOLTMETER. GROUND ORCUIT THAT DID NOT LIGHT. TO12VOLTS. 

• SHOULD READ 0 VOLTS. DID NOT LIGHT. -
I ■ 

I 
LIGHT-oN· I I LIGHT ·OFF. 

·oK· I I I 
I • CKT993 OPEN OR I REPAIR OPEN I 

0 
• IGNmON ·oN·. ENGINE STOPPED. FAULTYMAF GROUND ORCUIT 

• CONNECT AVOLTMETERBETW£EN POWER RELAY. 

HARNESS TERMINAL •c- (CKT 198). 
AND CHASSIS GROUND. SHOULD 
READ BETWEEN 4-6 VOLTS. -

I ■ NOT ·or 

- I 
•oK• • DISCONNECT MAF SENSOR 

NOT ·oK· I - IURN--OFF RELAY. 
CHECK ALL RELATED CONNECTOR • REPEATTEST. 
TERMINALS FOR MAKING GOOD CONTACT. • 
If OK. IT IS A FAUL TY MAF SENSOR. I I 

NOT ·oK· I •oK• 

OVER 6 VOLTS I LESS THAN 4 VOL TS I (VOLTAGE PRESENT) (NO VOLTAGE) 

- ■ 

I ■ REPAIR SHORT TO VOLTAGE PROBE RELAY HARNESS 
• IGNmON ·off· • CHECK FOR OPEN CKT 998. IN CKT 994 FROM RELAY TO CKT 900 WITH A TEST 
• DISCONNECT ECM A-8 • IF ORCUIT IS NOT OPEN, IT IS MAF SENSOR OR FAULTY LIGHT TO 12 VOLTS. 

CONNECTOR. AFAULTYECM MAF POWER RELAY. I • IGNITION •ON", CONNECTION OR ECM. 
REPEAT TEST. ■ ■ 

UGHT.OFF• UGHT•oN• 
■ I ■ 

OVER6 VOLTS I LESS THAN 6 VOLTS I I 
FAUL TY MAF SENSOR CKT 900 SHORTED 

■ - JO GROUND OR 
REPAIR SHORT TO I CHECK RELATED CONNECTOR BURN-OFF RELAY. 

FAULTYECM. 
VOLTAGE IN CKT998. TERMINALS AND ECM GROUND. 0!Ht&-87 

ORCUITS, IF OK, REPLACE ECM. 7S3288-6E 
. 
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CODE34 
MASS AIR FLOW (MAF) SENSOR CIRCUIT 

(GM/SEC LOW) 
5.0L (VIN F) & S.7L (VIN 8) ''F" CARLINE {PORTI 

Circuit Description: 
The mass air flow (MAF) sensor measures the amount of air which passes through it. The ECM uses this 

information to determine the operating condition of the engine to control fuel delivery. For a detailed 
description of the MAF sensor operation refer to Section "C." · 

The oil pressure switch or the ECM, through control of the fuel pump relay, will provide 12 volts for the 
MAF power l'elay which provides the 12 volts needed by the MAF sensor. 
. The ECM provides a ·current limiting 5 volts on the signal line (CKT 998). The MAF sensor then changes 
the signal by dropping the voltage so that with low air flow the ECM sees a low voltage and a high air flow will 
cause the ECM to see near the 5 volts supply. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 

Code 34 indicates: ECM has seen low air flow less 
than 2.5 gm/see. Oow voltage) for one second when: 

• Engine is first started 
OR 

• . Rpm above 600 
• TPS above 6%. · To obtain 6%, the engine has 

to be running at about 2300 rpm in neutral. . 
1. A Code 34 may be caused by an engine that 

exhibits a low, rough, unstable or incorrect idle 
problem. If this condition exists, disconnect the 
MAF sensor. If the unstable idle still exists, refer 
to Symptoms in Section '13". (Rough, unstable, 
incorrect idle, or stalling.) If the idle improved 
with the sensor disconnected, replace it. 

2. This test will determine if the conditions still exist 
to set a code or if the problem is intermittent. 

3. With the MAF sensor disconnected, the ECM 
should see a high signal voltage and set a Code 33. 
If a Code 34 resets then the wiring or the ECM is 
at fault. 

Diagnostic Aids: 

A low, rough or unstable idle could result in a 
Code 34. Be sure air ducts are tight and not cracked, 
throughly inspect the induction for vacuum leaks. 
Cheek CKT 998 for short to ground. 

Code 34 could also result from a dirty ol __ 
misadjusted throttle body._ Refer to Section "C2" for 
minimum idle speed check. 
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CODE 34 
MASS AIR FLOW (MAF) SENSOR CIRCUIT 

(GM/SEC LOW) 
5.0L (VIN F) & 5. 7L (VIN 8) "F" CARLINE (PORT) 

0 • CHECK FOR VACUUM LEAKS. 
• CHECK FOR LOOSE OR DAMAGED AIR DUCT BETWEEN MAF SENSOR AND THROTTLE 

BODY. 

• SEE TEST DESCRIPTION #1 ON FAONG PAGE. 

• aEARCODES 

• START AND RUN ENGINE ABOVE 2300 RPM FOR 1 MINUTE OR UNTIL CODE 34 SETS. 

DOES CODE SETI 

I 
I 

YES I 
I 

© • IGNITION •oFF• 

• DISCONNECT MAF SENSOR 

• REPEATTEST 

• CODE 33 SHOULD SET. 

DOES IT? 

I 
I 

VES I 
I 

© WITH ENGINE RUNNING BE SURE 12 

VOLTS ARE AVAILABLE TO MAF 

SENSOR (TERMINAL "E"). IF OK, IT IS 

FAULTY MAF SENSOR. 

I 

NO I 
I 

CODE 341S INTERMITTENT. IF NO 

ADDITIONAL CODES WERE 

STORED. REFER TO "DIAGNOSTIC 

AIDS" ON FACING PAGE. 

I 

NO I 
I 

CKT 998 SHORTED TO 

GROUND, OR FAUL TY EQII. 

2-13-87 
*7S3289-6E 
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CODE 36 
MASS AIR FLOW (MAF} BURN-OFF CIRCUIT 

5.0L (VIN F} & 5.7L (VIN 8) °F" CARLINE (PORT} 
Circuit Description: 

The mass air flow (MAF) sensor measures the amount of air which passes through it. The ECM uses this 
information to determine the operating condition of the engine to control fuel delivery. For a detailed 
description of the MAF sensor operation see Section "C". 

Due to contaminates in the atmosphere, a residue may build up on the MAF sensor sensing wire. To 
maintain an accurate reading from the sensor, a "burn-oft" cycle will occur when the ignition is turned "OFF" 
after the engine had been running a specified amount of time and engine warmed up. The burn-off function is 
enabled when the ECM grounds CKT 900 which energizes the MAF sensor burn-off relay. With the MAF sensor 
burn-off relay energized, voltage will be supplied to the MAF sensor terminal "D". Voltage will also be supplied 
through the normally closed set of contacts in the MAF power relay which will supply 12 volts to terminal "E" of 
the MAF sensor. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. This test will determine if the burn-off function is 

operative or if the Code was set due to an 
intermittent condition. 

2. Check for continuous 12 volt supply to burn-off 
relay. 

3. Grounding CKT 900 should energize the relay and 
close the contacts. CKT 900 should be grounded 
by using a jumper wire at ECM connector "D12". 
If the test light is dim, check for corroded or faulty 
connections. IfOK, replace relay. 

4. With the burn-off relay energized there should be 
12 volts supplied to the MAF sensor on terminal 
"D" & "E" (CKTs 993 and 994). If the test light is 
dim, check for corroded or faulty connections. If 
OK, replace relay. 

Diagnostic Aids: 

The Code 36 could have been set due to a poor 
connection at any of the relays or the MAF sensor. Be 
sure that these connections and terminals are OK. A 
faulty MAF sensor should not be considered as th · 
cause if Code 36 is set. 

Refer to "lntermittents" in Section "B". 
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CODE 36 
MASS AIR FLOW (MAFl 

• IGNITION •oFF•, CLEAR CODES • BURN-Off CIRCUIT 
• START ENGINE AND RUN UNTIL SYSTEM GOES •ctoSEDLOOP• • 5.0L (VIN F) & 5. 7L (VIN 8) 
• TURN IGNmON ·oFF· AND WAIT 20 SECONDS. 
• START AND IDLE ENGINE FOR30 SECONDS OR UNTIL S.E.S. 

UGHTCOMEs-oN·. 
IS CODE 36 SET? 

■ 

$ 
• DISCONNECT MAF SENSOR BURN-OFF RELAY • 

• PROBE BOTH 340 CKTS WITH A TEST LIGHT TO 
GROUND. 

I 

LIGHT ·oN· BOTH I 
I 

• RECONNECT RELAY • 

• DISCONNECT MAF SENSOR. 
• GROUND BURN-OFF RELAY CKT 900. 
• PROBE MAF SENSOR HARNESS TERMINAL 

•o• WITH A TEST UGH.f TO GROUND. 

UGHT"oN· I 
I 

• CICT 900 STILL GROUNDED. 
• PROBE TERMINAL •e• (CKT 993} WITH 

A TEST LIGHT TO GROUND. 

I 

LIGHT·ON" I 
I 

• DISCONNECT Bl:IRN-OFF RELAY. 

• IGNITION •oN•. 

• PROBE CKT 900 WITH A TEST LIGHT TO GROUND. 

LIGHT·oN· I 
I 

REPAIR SHORT TO I 
VOLTAGE IN CKT900 

11F" CARLINE (PORTI 

$ 
CODE 361S INTERMITTENT. IF NO 
ADDITIONAL CODES WERE STORED, REFER 
TO •DIAGNOSTIC AIDS• ON FACNG PAGE. 

I 

LIGHT "OFF- ON ONE OR BOTH I 
I 

REPAIR OPEN IN ORCUIT I 
THATDIDNOTUGHT. 

I 

UGHT"OFF· I 
I 

CKT 900 OPEN. CKT 994 OPEN OR SHORTED TO GROUND, I 
OR FAUL TY CONNECTION OR FAULTY RELAY. 

I 

UGHT.OFF• I 
I 

• OPEN CKT 993, OPEN ORCUIT BETWEEN 
MAF SENSOR RELAY AND THE BURN-OFF 
RELAY, FAUL TY CONNECTION, OR FAUL TY 
MAF SENSOR POWER RELAY. 

I 

UGHT"OFF• I 
I 

FAULTY ECM CONNECTION OR ECM. CODE 36 CAN 
SET DUE TO A POOR CONNECTION AT ANY Of THE 
RELAYS OR THE MAF SENSOR, OR COULD BE CAUSED 
BY HIGH RESISTANCE IN THE RELAY CONTACTS OR 
CONNECTIONS.BESURETHATTHESECONNECTIONS 
AND TERMINALS ARE OK BEFORE REPLACING ECM. 

2-12-87 
*7S3290-6E 
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5S 1568-6E 

CODE41 
CYLINDER SELECT ERROR 

FAUL TY OR INCORRECT MEM-CAL) 
5.0L (VIN F) & S.7L (VIN 8) ••F" CARLINE (PORT) 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. The. ECM used for this engine can also be used for 

other engines, and the difference is in the Mem
Cal. If a Code 41 sets, the incorrect Mem-Cal has 
been installed, may not be installed properly, or it 
is faulty and it must be replaced. 

Diagnostic Aids: 

Check Mem-Cal to be sure locking tabs are secure. 
Also check the pins on both the Mem-Cal and ECM to 
assure they are making proper contact. Check the 
Mem-Cal part number to assure it is the correct part. 
If the Mem-Cal is faulty, it must be replaced. It is also 
possible that the ECM is faulty, however, it should not 
be replaced until all of the above have been checked. 
For additional information, ref er to "Intennittents" in 
Section "Bn. 
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CODE41 
CYLINDER SELECT ERROR 

(FAULTY OR INCORRECT MEM-CAL) 
. 5.0L {VIN F) & 5.7L (VIN 8) "F" CARLINE (PORT) 

0 . IGNmON ·oFF-. a.EAR CODES. 
• START ENGINE AND RUN FOR 1 MINUTE 

ORUNTILCODE41 SETS. 
DOES CODE 41 sen 

• 

FAULTY CONNECTIONS DUE 
TO MEM-CAL NOT LOCKED 
IN PLACE. OR INCORRECT 
MEM-CAL INSTAUEO. 

CODE 41 15 INTERMITTENT. 
REV1Ew ·0IAGNOST1C AIDS- ON 
FAONGPAGE. 

9-21-87 
•7S3152-6E 
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•8 54401-6E 

CODE42 
ELECTRONIC SPARK TIMING (EST) CIRCUIT 

5.0L (VIN F) & 5.7L (VIN 8) "F" CARLINE (PORT) 
Circuit Description: 

When the system is running on the ignition module, that is, no voltage on the bypass · 1ine, the ignition 
module grounds the EST signal. The ECM expects to see no voltage on the EST line during this condition. If it 
sees a voltage,it sets Code 42 and will not go into the EST mode. 

When the rpm for EST is reached (about 400 rpm), and bypass voltage applied, the EST should no longer be 
grounded in the ignition module, so the EST voltage should be varying. 

If the bypass line is open or grounded, the ignition module will not switch to EST mode so the EST voltage 
will be low and Code 42 will be set. 

If the EST line is grounded, the ignition module will switch to EST but, because the line is grounded there 
will be no EST signal. A Code 42 will be set. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 42 means the ECM has seen an open or short 

to ground in the EST or bypass circuits. This test 
confirms Code 42 and that the fault causing the 
code is present. 

2. Checks for a normal EST ground path through the 
ignition module. An EST CKT 423 shorted to 
ground will also read less than 500 ohms~ 
however, this will be checked later. 

3. As the test light voltage touches CKT 424 the 
module should switch. The ohmmeter may 
"overrange" if the meter is in the 1000-2000 ohms 
position. The important thing is that the module 
"switched ... 

4. The module did not switch and this step checks for: 
• EST CKT 423 shorted to ground. 
• Bypass CKT 424 open. 
• Faulty ignition module connection or module .. 

5. Confirms that Code 42 is a faulty ECM and not an 
intermittent in CKTs 423 or 424. 

Diagnostic Aids: 

The .. Scan» tool does not have any ability to help 
diagnose a Code 42 problem. 

A Mem-Cal not fully seated in the ECM can result 
in a Code 42. 

Refer to "Intermittents" in Section '13". 
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• CLEAR CODES. 
• IDLE ENGINE FOR 1 MINUTE OR UNTIL CODE 42 SETS. 

DOES CODE 42 SETI 

IGNITION •OFF•. 
DISCONNECT ECM CONNECTORS. 

• IGNITION •oN•. 
• OHMMETER SELECTOR SWITCH IN THE 1000 TO 2000 

OHMS RANGE. 
• PROBE ECM HARNESS CONNECTOR CKT 423 WITH AN 

OHMMETER TO GROUND. 
IT SHOULD READ LESS THAN 1000 OHMS. 
DOESITI 

• PROBE ECM HARNESS CONNECTOR CKT 424 WITH 
A TEST LIGHT TO BATTERYVOLTAGE. 

G) • WITH OHMMETER STILL CONNECTED TO ECM HARNESS CKT 
423 AND GROUND. AGAIN PROBE ECM HARNESS CKT 424 
WITH THE TEST LIGHT CONNECTED TO BATTERY VOLTAGE. 
(AS TEST LIGHT CONTACTS CKT 424, RESISTANCE SHOULD 
SWITCH FROM UNDER 1000 TO OVER 2000 OHMS,) 
DOESIT7 

• DISCONNECT DIST. 4-WAY CONNECTOR. NOTE 
OHMMETER THAT IS STILL CONNECTED TO CKT 423 AND 
GROUND. RESISTANCE SHOULD HAVE GONE HIGH (OPEN 
ORCUIT). 
DOESITI 

OCT 424 OPEN, FAUL TY 
CONNECTIONS OR FAULTY 
IGNITION MODULE. 

CKT423 
SHORTED TO 
GROUND. 

CODE42 
ELECTRONIC SPARK TIMING , 

(EST) CIRCUIT 
5.0L (VIN F) & 5.7L (VIN 8) 

.,Fn CARLINE (PORn 

CODE 42 INTERMITTENT. REFER TO 
-DIAGNOSTIC AIDS· ON FAONG PAGE. 

OPEN CKT 423, FAULTY CONNECTION 
OR FAUL TY IGNITION MODULE. 

• DISCONNECT IGNITION MODULE 4-WAY CONNECTOR. 

FAULTY IGNITION 
MODULE. 

5 • RECONNECT ECM AND IDLE ENGINE FOR 
ONE MINUTE OR UNTIL CODE 42 SETS. 
DOES CODE SEn 

CODE 42 INTERMITTENT. 
REFER TO •DIAGNOSTIC 
AIDS• ON FAONG PAGE. 

CLEAR CODES AND CONFIRM -aosED LOOP- OPERATION AND NO ·seRVICE ENGINE SOON. LIGHT. 
6-21-88 

• 75 3291-&E 
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CODE43 
ELECTRONIC SPARK CONTROL (ESC} CIRCUIT 

5.0L (VIN F) & 5.7L (VIN 8) •F11 CARLINE (PORn 
Circuit Description: 

Electronic spark control is accomplished with a module that sends a voltage signal to the ECM. As the 
knock sensor detecta engine knock, the voltage from the ESC module to the ECM drops, and this signals the 
ECM to ret.ard timing. The ECM will retard the timing when knock is detected and rpm is above about 900 

.I rpm. • 
Code 43 means the ECM has read low voltage on CKT 485 for longer than 5 seconds, with the engine 

running, or the system has failed the functional check. 
This system performs a functional check once per st.art up to check the ESC system. To perform this test the 

ECM will advance the spark when coolant is above 95°C (194°F) and at a high load condition (near WOT). The 
ECM then checks the signal on CKT 485 to see if a knock is detected. The functional check is performed once 
per start up, if knock is detected when coolant is below 95°C (194°F) the test has passed and the functional check 
will not be run. If the functional check fails, the "Service Engine Soon" light will remain "ON" until ignition is 
turned .. OFF," or until a knock signal is detected. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. If the conditions for a Code 43 are present, the 

"Scan" will always display "yes". There should 
not be a knock at idle unless an internal engine 
problem, or a system problem exista. 

2. This test will determine if the system is 
functioning at this time. Usually a . knock signal 
can be generated by tapping on the right exhaust 
manifold. If no knock signal is generated try 
tapping on block close to the area of the sensor. 

3. ~ecause Code 43 sets when the signal voltage on 
CKT 485 remains low, this test should cause the 
signal on CKT 485 to go high. The 12 volts signal 
should be seen by the ECM as "no knock" if the 
ECM and wiring are OK. 

4. This test will deter~ne if the knock signal is 
being detected on CKT 496 or if the ESC module is 
at fault. 

5. If CKT 496 is routed to close to secondary ignition 
wires, the ESC module may see the interference as 
a knock signal. 

6. This checks the ground circuit to the module. An 
open ground will cause the voltage on CKT 485 to 
be about 12 volts, which would cause the Code 43 
functional test to fail. . 

7. Contacting CKT 496 with a test light to 12 volts 
should generate a knock signal. This will 
determine if the ESC module is operating 
correctly. 

Diagnostic Aids: 

• = ECM/IGN fuse 
Code 43 can be caused by a faulty connection at 

the knock sensor at the ESC module or at the ECM. 
Also check CKT 485 tor possible open or short to 
ground. 

Refer to "Intermittents" in Section "B". 
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0 • ENGINE IDLING. 
• •SCAN" SET ON KNOCK SIGNAL 

IS THERE A KNO(:K SICjNAL INDICATED? 

0 • DISCONNECT ESC MODULE. 
• ENGINE IDLING. 
• PROBE HARNESS TERMINAL •c• (CKT 

485) WITH A TEST LIGHT CONNECTED 
TO 12VOLTS. 
AFTER 5 SECONDS, DOES ·scAN" 
DISPLAY A KNOCK SIGNAL? 

• IGNITION "ON". 
• PROBE TERMINAL 

"B.(CKT439) 
WITH A TEST LIGHT 
TO GROUND. 

LIGHT"ON" 

CKT 485 OPEN, 
SHORTED TO 
GROUND.OR 
FAULTYECM. 

0 • REMOVE CKT 496 FROM CONNECTOR. 
• RECONNECT ESC MODULE. 
• ENGINE IDLING. 

IS THERE A KNOCK SIGNAL INDICATED? 

0 • ENGINE IDLING. 

CODE43 
ELECTRONIC SPARK CONTROL 

(ESC) CIRCUIT -
5.0L (VIN F) & 5. 7L (VIN 8) 

UF" CARLINE (PORT) 

• · TAP ENGINE BLOCK IN AREA OF KNOCK SENSOR. 
• IS A KNOCK SIGNAL INDICATED WHILE TAPPING 

ON ENGINE? 

© • DISCONNECT ESC MODULE. 
• PROBE HARNESS TERMINAL 

•D" (CKT 486) WITH A TEST 
LIGHTT012V. 

CODE 43 IS INTERMITTENT. IF 
NO ADDITIONAL CODES WERE 
STORED, REFER TO "DIAGNOS
TIC AIDS" ON FAONG PAGE. 

0 • RECONNECT ESC MODULE. 
• DISCONNECT KNOCK SENSOR. . 
• ENGINE IDLING. 
• MOMENTARILY TOUCH KNOCK 

SENSOR HARNESS (CKT 496)WITH 
A TESTLIGHTTO 12V. 

• EACH TIME THE TEST LIGHT 
CONTACTS CKT 496, A KNOCK 
SIGNAL SHOULD BE GENERATED. 

• IS A KNOCK SIGNAL INDICATED 
WITH "SCAN"? 

IJGHT"OFF" 

REPAIR OPEN 
GROUND CKT 486. 

FAULTY CONNECTION AT SENSOR 
OR FAUL TY KNOCK SENSOR. 

CKT 496 OPEN, SHORTED TO 
GROUND, FAULTY CONNEC
TION AT ESC MODULE, OR 
FAUL TY ESC MODULE. 

OPENCKT439 

IF AN AUDIBLE KNOCK CAN BE HEARD, 
REPAIR INTERNAL ENGINE PROBLEM. IF OK, 
CHECK FOR ROUTING OF WIRE FROM KNOCK 
SENSOR TO ESC MODULE FOR PICKING UP 
FALSE KNOCK SIGNALS FROM AN ADJACENT 
WIRE. REROUTE AS NECESSARY. IF ROUTING 
IS CORRECT, REPLACE KNOCK SENSOR. 

2-12-87 
,. 753292-6E 
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ECM 

r---<◄E---------------- PPL412 0 2 SENSOR 
SIGNAi. 

EXHAUST 

6-27-88 

ENGINE 

GROUND 

OzGROUND 
CIRCUIT 

2-20-87 
4S0790-6E 

CODE44 
OXYGEN SENSOR CIRCUIT 

. (LEAN EXHAUST INDICAT.ED) 
5.0L (VIN F) & 5.7L (VIN 8) ''F" CARLINE (PORT) 

Circuit Description: . 
The ECM supplies a voltage of about .45 volt between terminals "06" and "D7". (If measured with a 10 

megohm digital voltmeter, this may read as low as .32 volt.) The 02 sensor varies the voltage within a range of 
about 1 volt if the exhaust is rieh, down through about .10 volt if exhaust is lean. 

The sensor is like an open circuit and produces no voltage when it is below about 360°C (600°F). An open 
sensor circuit or cold sensor causes "Open Loop" operation. 

Test Desuiption: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 44 is set when the 02 sensor signal voltage 

onCKT412. 
• Remains below .2 volt for 50 seconds. 
• And the system is operating in "Closed Loop." 

Diagnostic Aids: 

Using the "Scan," observe the block learn values at · 
different rpm and air flow conditions. The "Scan" also 
displays the block cells; so the block learn values can 
be checked in each of the cells to determine when the 
Code 44 may have been· set. If the conditions for Code 
44 exist, the block learn values will be around 150. 
• Q2 Sensor wire. Sensor pigtail may be 

mispositioned and contacting the exhaust 
manifold. 

• Check for intermittent ground in wire between 
connector and sensor. , 

• MAF Sensor. A mass air flow (MAF) sensor 
output that causes the ECM to sense a lower than 
normal air flow will cause the system to go lean. 
Disconnect the MAF sensor and. if the lean 
condition is gone, replace the MAF sensor. 

• Lean Injector(s). Perform injector balance test 
CHARTC-2A. 

• Fuel Contamination. Water, even in small 
·amounts, near the in-tank fuel pump inlet can be 
delivered to the injectors. The water causes a lean 
exhaust and can set a Code 44. 

• Fuel Pressure. System will be lean if pressure is 
too low. It may be necessary to monitor fuel 
pressure while driving the car at various road 
speeds and/or loads to confirm. · See "Fuel System 
Diagnosis" CHART A-7. 

• Exhaust Leaks. If there is an · exhaust leak, 
outside air can be pulled into the exhaust and past 
the sensor. Vacuum or crankcase leaks can cause 
a lean condition. 

• AIR System. Be sure air is not being directed to 
the exhaust ports while in "Closed Loop/' If the 
block learn value goes down while squeezing air 
hose to left side exhaust ports, refer to CHART C-
6. 

• If the above are OK, it is a faulty oxygen sensor. 
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CODE44 
OXYGEN SENSOR CIRCUIT 
(LEAN EXHAUST INDICATED) 

5.0L {VIN F) & 5.7L {VIN 8) .,F,. CARLINE {PORTI 

0 • RUN WARM ENGINE ~1&rfT095"C/203"f} AT1200RPM. 
• DOES •SCAN• TOOl INDICATE Oz SENSOR VOLTAGE FIXED BELOW .35 VOLT (350mV)7 

• DISCONNECT Oz SENSOR. 
• WITH ENGINE IDLING. •SCAN• TOOL SHOULD 

DISPLAY Oz SENSOR VOLTAGE BETWEEN .35 VOLT 
AND .55 VOLT (350 mv AND 550 mV). 
DOESITI 

REFER TO •DIAGNOSTIC 
AIDS• ON FAONG PAGE. 

CODE 44 IS INTERMITTENT. 
IF NO ADDITIONAL CODES WERE 
STORED. REFER TO •DIAGNOSTIC 
AIDS• ON FAONG PAGE. 

CLEAR CODES AND CONFIRM •CLOSED LOOP- OPERATION AND NO •SERVICE ENGINE SOON• LIGHT. 
5-3-88 
•753191-6E 
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ECM . \. 

r---<◄F---------------- PPL412 ~SENSOR 
SIGNAL 

EXHAUST 

&-2Nl8 

ENGINE 

GROUND 

ATAN41l ~GROUND 
ORCUIT 

2-20-87 
450790-6£ 

CODE45 
OXYGEN SENSOR CIRCUIT 
(RICH EXHAUST INDICATED) 

5.0L (VIN F) & 5. 7L (VIN 8) °F" CARLINE (PORn 
Circuit Description: . 

The ECM supplies a voltage of about .45 volt between terminals "D6" and "D7". (ff measured with a 10 
megohm digital voltmeter, th!5 may read as low as .32 volts.) The ~ sensor varies the voltage within a range of 
about 1 volt if the exhaust is rich, down through about .10 volt if exhaust is lean. 

The sensor is like an open circuit and produces no voltage when it is below about 360°C (600°F) . . An open 
sensor circuit or cold sensor causes "Open Loop" operation. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Code 45 is set when the 02 sensor signal voltage or 

CKT412. 
• Remains above . 7 volt for 50 seconds; and in 

"Closed Loop." 
• Engine time after start is 1 minute or more. 
• Throttle angle greater than 2% (about .2 volts 

above idle voltage) 

Diagnostic Aids: 

Using the .. Scan," observe the block learn values at 
different rpm and air flow conditions. The "Scan" also 
displays the block cells, so the block learn values can 
be checked in each of the cells to determine when the 
Code 45 may have been set. If the conditions for Code 
45 exists, the block learn values will be around 115. 

• ·· Fuel Pressure. System will go rich if pressure is 
too high. The ECM can compensate for some 
increase. However, if it gets too high, a Code 45 
maybe set. 

Use the Fuel System diagnosis CHART A-7. 
• Rich injector. Perform injector balance test 

CHARTC-2A. 
• Leaking injector. See CHART A-7. 

• Check for fuel contaminated oil. 
• HEI Shielding. An open ground CKT 453 

(ignition system reflow) may result in EMI, or 
induced electrical "noise." The ECM looks at this · 
"noise" as reference pulses. The additional 
pulses result in a higher than actual engine 
speed signal. The ECM then delivers too much 
fuel, causing system to go rich. Engine 
tachometer will also show higher than actual 
engine speed, which can help in diagnosing this 
problem .. 

• Canister purge. Check for fuel saturation. If full 
· of fuel, check canister control and hoses. See 
canister purge Section .. C3". 

• MAF sensor. An output that causes the ECM to 
sense a higher than normal airflow can cause the 
system to go rich. Disconnecting the MAF sensor 
will allow the ECM to set a fixed value for the 
sensor. Substitute a different MAF sensor if the 
the rich condition is gone while the sensor is 
disconnected. 

• Check for leaking fuel pressure regulator 
diaphram by checking vacuum line to regulator 
for fuel. 

• TPS. An intermittent TPS output will cause the 
system to go rich, due to a false indication of the 
engine accelerating. 
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CODE45 
OXYGEN SENSOR CIRCUIT 
(RICH EXHAUST INDICATED) 

5.0L (VIN F) & 5.7L (VIN 8) "F" CARLINE (PORTI 

• RUN WARM ENGINE (75"C/167"FTO 9S"C/203"F)AT 1200 RPM. 

0 . DOEs•sCAN-TOOLDISPLAYOzSENSOR VOLTAGE FIXEDABOVE.75VOLT (7SO mV)? 

• DISCONNECT Oz SENSOR AND JUMPER 

HARNESS OCT 412 TO GROUND. 
-' 

• "'SCAN• TOOL SHOULD DISPLAY 02 

BELOW 35 VOLT (350 mV). 

DOESIT7 

REFER TO •olAGNOSTIC 

AIDS• ON FACING PAGE. 

CODE 45 IS JNTERMIMNT. 

IF NO ADDITIONAL CODES WERE 

STORED, REFER TO •DIAGNOSTIC 

AIDS• ON FAONG PAGE. · 

CLEAR CODES AND CONFIRM '"CLOSED Loop• OPERATION AND NO • seRVICE ENGINE SOON· LIGHT. 

5-3-88 

•7S3192-6E 
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Q] Ii] []J ~[ii][£] 

cm rt1 mi m rn 
11P HARNESS CONNECTOR 

15WAY (FRONTVIEW) 

* See "Diagnostic Aids" below 

6-27-88 

*FUSE 

TO ESC MODULE 

..... . 
• F • 

--.------":--<!f--'~t-- PNK/BLK 439 

VATS 
DECODER 
MODULE 

. 
A2 : L • 
------."-<◄l-.--- DK llU 229 .... -

15-WAY 
1/PCONN 

CODE46 
VEHICLE ANTI-THEFT SYSTEM (VATS) CIRCUIT 

5.0L (VIN F) & 5.7L (VIN 8) "F" CARLINE (PORT) 
Circuit Desuiption: 

ECM 

6-17-88 
854279-6E 

The VATS system is designed to disable vehicle operationµ the incorrect key or starting procedure is used. 
The VA TS decoder module sends a signal to the ECM if the correct key is being used. If the proper signal does 
not reach the ECM on CKT 229, the ECM will not pulse the injectors "ON" and thus not allow the vehicle to be 
started. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. If the engine cranks, but doesn't start. It indicates 

that the portion of the module which generates the 
signal to the ECM is not operating or CKT 229 is 
open or shorted to ground. If the decoder module is 
found to be OK, as determined from Section "SA", 
the ECM may be at fault, but this is not a likely 
condition. 

2. If the engine will not crank, it indicates that there· 
is a VATS problem or an incorrect key or starting 
procedure is being used. 

Diagnostic Aids: 

• The fuse for the VATS system is the ECM/IGN fuse. 
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• IGNITION •oN•. 

DOEs·sCAN· 
INDICATE VATS 

STATUS AS OK? 

DOES ENGINE CRANK? 

1 CHECK FOR OPEN OR SHORT 

TO GROUND IN CKT 229. 

IF OK, IT IS A FAUL TY VATS 

DECODER MODULE. 

CODE46 
__ VEHICLE ANTI-THEFT SYSTEM (VATS) CIRCUJT -. 

5.0L (VIN F) & 5.7L (VIN 8) •F• CARLINE (PORT)° 

PROBLEM IS INTERMITTENT. IF NO 
OTHER CODE IS STORED, REFER TO 
·1NTERMITTENTs· w SECTION ·a-. 

0 VATS SYSTEM PROBLEM. 
REFER TO VATS DIAGNOSIS IN 

SECTION "SA•. 

7-17-87 

•&S2700-6E 
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TO BATTERY+ 

l SINGLE WIRE + PIGTAIL 

RED 

FUSE& 
HOLDER 

TOMAF 
POWER RELAY 

~ REAR 
BODY 
CONN. 

FUEL 
PUMP 

TO MAF RELAY & 
MAFBURNOFF 

RELAY 

[Di)II]maJ 

CIHtl ml III 

15 WAY LP. CONNECTOR 

--------- 3400RN 

4 
BULKHEAD 
CONNECTOR 

TO I I 

IGN : F : 
I I I 

I I 

450 
BLIC/ 
WHT 

· -L 

ENGINE 
GROUND 

._ __ 3400RN 

,.__ __ 340 ORN 

ALDL 

~;ltlxl$ ilZeJ 
1j ULKHEAD CONN. · · 

490 
RED L------ 465 DK GRN/WHT 

.___ ___________ 120TAN/WHT 

.......,....,: ,.(( ..... l-------r------ 439PNK/BLK 

ECM/IGN -i., TO ESC MODULE FUSE I.P.Cu.,N. 
6-27-88 . (15-WAY) 

CODE 54 
FUEL PUMP CIRCUIT 

(LOW VOLTAGE) 
5.0L (VIN F) & 5.7L (VIN 8) ,.F" CARLINE (PORT) 

Circuit Description: 

• FUELPUMP 
RELAYCONN. 

EM 

BATTERY+ 

BAmRY+ 

FUELPUMP 
RELAY DRIVE 

FUELPUMP · 
SIGNAL 

IGNmONFEED 

S-20-88 
8S4251-4iE 

The status of the fuel pump CKT 120 is monitored for voltage by the ECM, and is used.to compensate fuel 
delivery based on system voltage. This fuel pump signal is also used to store a trouble code if the fuel pump 
relay is defective or fuel pump voltage is lost while the engine is running. There should be about 12 volts on 
CKT 120 for 2 seconds after the ignition is turned "ON," or any time references pulses are being received by the 
ECM. . 

Code 54 will set, if the voltage on CKT 120 is less than 2 volts for 1.5 seconds since the last reference pulse 
was received. This code is designed to detect a faulty relay, causing extended crank time, and the code will help 
the diagnosis of an engine that "CRANKS BUT WILL NOT RUN." 

If a fault is detec~d during start-up, the .. Service Engine Soon" light will stay "ON" until the ignition is 
cycled "OFF." However, if the voltage is detected below 2 volts, with the engine running. the light will only 
remain "ON" while the condition exists. 
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• IGNITION "OFF" FOR 10 SECONDS. 
• IGNITION "ON". 
• LISTEN FOR IN-TANK FUEL PUMP. 
• PUMP SHOULD RUN FOR 2 SECONDS AFTER IGNITION "ON". 

DOES IT? 

• IGNITION "OFF". 
• USING A FUSED JUMPER WIRE, CONNECT FUEL PUMP 

TEST CONNECTOR TO 12 VOLTS. 
• DOES PUMP RUN? 

• IGNITION "Off". 
• DISCONNECT FUEL PUMP 

RELAY. 
• PROBE CKT 340 WITH A 

TEST LIGHT TO GROUND. 

CONNECT TEST 
LIGHT BETWEEN 
CKTS 340 & 450. 

REPAIR 
OPEN IN 
CKT340. 

• DISCONNECTFUELPUMP 
RELAY. 

• USING THE FUSED JUMPER 
WIRE, CONNECT CKT 120 TO 
12VOLT5. 
DOES PUMP RUN? 

OPEN CKT 120, 
FAULTY IN-TANK 
PUMP OR FAUL TY 
PUMP GROUND. 

• CONNECT TEST LIGHT BETWEEN HARNESS CKT 465 AND GROUND. 
• IGNITION "OFF" FOR 10 SECONDS. 
• NOTE TEST LIGHT WITHIN 2 SECONDS AFTER IGNITION "ON". 

• FAULTY RELAY. 

NOTE: IF ORIGINAL COMPLAINT WAS "CRANKS BUT WILL NOT 
RUN" MAKE THE FOLi.OWiNG ADDITIONAL CHECKS: 

• ENGINE IDLING AT NORMAL OPERA TING TEMPERATURE. 
• OIL PRESSURE NORMAL. 
• DISCONNECT FUEL PUMP RELAY. 
• ENGINE SHOULD CONTINUE TO RUN. 
• DOESIT? 

• RECONNECT FUEL PUMP REI.A Y. 
• IGNITION "OFF". 
• PROBE FUEL PUMP TEST TERMINAL WITH A TEST 

TERMINAL WITH A TEST LIGHT TO GROUND. 

FUEL PUMP CIRCUIT OK 

CODE 54 
FUEL PUMP CIRCUIT 

(LOW VOLTAGE) 
5.0L (VIN F) & 5.7L (VIN 8) 

nf" CARLINE (PORT) · 

• CLEAR CODES. 
• START AND RUN ENGINE FOR 30 SECONDS 

OR UNTIL CODE 54 SETS. 
DOES CODE SETI 

• AT THE ECM, BACK PROBE 
CKT 120 WITH A TEST 
LIGHT TO GROUND. 

• IGNITION "OFF" FOR 10 
SECONDS. 

• NOTE LIGHT WITHIN 2 
SECONDS AFTER IGNITION 
"ON". 

REPAIR OPEN CJCT 450. 

CKT 465 OPEN, SHORTED TO 
GROUND, OR FAULTY ECM. 

FAULTY OIL PRESSURE SWITCH 

CODE 54 IS INTER
MITTENT. REFER TO 
"INTERMITTENTS" IN 
SECTION "B". 

LIGHT"OFF" 

OPENCKT 
120TO ECM. 

2-10-88 
•7S3155-6E 
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CODE 51 
CODE 52 
CODE 53 

5.0L (VIN F) & 5.7L (VIN 8) 
"F" CARLINE (PORn 

CODE 51 
MEM-CAL ERROR 

(FAULTY OR INCORRECT MEM-CAL) 

CHECK THAT AU PINS ARE FULLY INSERTED IN THE SOCKET AND THAT MEM-CAL IS PROPERLY LATCHED. 

IF OK. REPLACE MEMICAL. CLEAR MEMORY, AND RECHECX. IF CODE S1 .REAPPEARS, REPI.Aa ECM. 

CLEAR CODES AND CONFIRM ·a.oSED Loop• OPERATION AND NO ·sERVICE ENGINE sooN· LIGHT. 

CODE 52 
CALPAK ERROR 

(FAULTY OR INCORRECT CALPAK) 

CHECK THAT THE MEM-CAL IS FULLY SEA TED AND LATCHED INTO THE MEM-cAL 

SOCKET. If OK, REPLACE MEM-cAL, CLEAR MEMORY, AND RECHECK. 

IF CODE S2 REAPPEARS, REPLACE ECM. 

O.EAR CODES AND CONFIRM ·o.oSED Loop• OPERATION AND NO ·sERVICE ENGINE SOON· LIGHT. 

CODE 53 
SYSTEM OVER VOLTAGE 

f,HIS ~ODE INDICATES THERE IS A BASIC GEN ERA TOR PRO.BLEM • 

• CODE 53 WILL SET, IF VOLTAGE AT ECM IGNITION INPUT PIN IS GREATER THAN 

17.1 VOLTS FOR 2 SECONDS. 

• .CHECK AND REPAIR CHARGING SYSTEM. REFER TO SECTION •&D•. 

CLEAR CODES AND CONFIRM ·o.oSED Loop• OPERATION AND NO ·sERVICE ENGINE sooN· LIGHT. 7-17-87 . 
*652652-&E 
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SECTION B 

SYMPTOMS 

TABLE OF CONTENTS 
Before Starting ............................................................. Page B-1 

lntermittents • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page B-2 

Hard Start • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page B-2 

Hesitation, Sag, Stumble • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page B-3 

Surges and/or Chuggle • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page B--3 

Lack of Power, Sluggish, or Spongy • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page B-4 

Detonation/Spark Knock • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page B-4 

Cuts Out, Misses • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page B-5 

Backfire. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page B-5 

Poor FueJ Economy •••••••• ·• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page 8-6 

Dieseting6 Run-On •••••••••••••••••••••••••••••••••••••••••••••••••••.••••••••• Page 8-6 

Rough, Unstable, or Incorrect Idle, Stalling • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page B-6 

Excessive Exhaust Emissions or Odors ••••••••••••••••••••••••••••••••••••••••••••• Page B-7 

Restricted Exhaust System Check (Chart B-1) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page B-8 

BEFORE STARTING 

Before using this section you should have 
performed the DIAGNOSTIC CIRCUIT CHECK 
and found out that: 
1. The ECM and "Service Engine Soon" light are 

operating. 
2. There are no trouble codes stored, or there is a 

trouble code but no "Service Engine Soon" light. 
Verify the customer complaint, and locate the 

correct SYMPTOM below. Check the items 
indicated under that symptom. 

If the ENGINE CRANKS BUT WILL NOT 
RC:N, see CHART A-3. 

Several of the symptom procedures below call 
for a careful visual check. This check should 
include: 

• ECM grounds for being clean and tight. 
• Vacuum hoses for splits, kinks, and proper 

connections, as shown on Emission Control 
Information label. 

• Air leaks at throttle body mounting and intake 
manifold. 

• Air leaks between MAF sensor and throttle 
body. 

• Ignition wires for cracking, hardness, proper 
routing, and carbon tracking. 

• Wiring for proper connections, pinches, and cuts. 
The importance of this step cannot be stressed 

too strongly - it can lead to correcting a problem 
without further checks and can save valuable time. 
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INTERMITTENTS 
Problem may or may not tum "ON" the "Service Engine Soonn light, or store a code. 

DO NOT use the trouble code charts in Section An intermittent "Service Engine Soon" light 
.. A" for intermittent problems. The fault must be with no stored code may be caused by: . 
present to locate the problem. If a fault is • Ignition coil shorted to ground and arcing at 
intermittent, use of trouble code charts may result spark plug wires or plugs. 
in replacement of good parts. • "Service Engine Soon" light wire to ECM 
• Most intermittent problems are caused by shorted to ground. (CKT 419) 

faulty electrical connections or wiring. Perform • Diagnostic "Test" terminal wire to ECM, 
careful check as described at start of Section shorted to ground. (CKT 451) 
'13". Checkfor: • ECM power grounds. See ECM wiring 
• Poor mating of the connector halves, or diagrams. 

terminals not fully seated in the connector • Loss of trouble code memory. To check, 
body (backed out). disconnect TPS and idle engine until "Service 

• Improperly formed or damaged terminals. Engine Soon" light comes "ON". Code 22 should 
All connector terminals in problem circuit be stored. and kept in memory when ignition is 
should be carefully reformed to increase turned .. OFF". If not, the ECM is faulty. 
contact tension. • Check for an electrical system interference 

• Poor terminal to wire connection. This caused by a defective relay, ECM driven 
requires removing the terminal from the solenoid, or switch. They .can cause a sharp 
connector body to check. See "Introduction" electrical surge. Normally, the problem will 
to Section "SE". occur when tQe faulty component is operated. 

• If a visual check does not find the cause of the • Check for improper installation of electrical 
problem, the car can be driven with a voltmeter options, such as lights, 2-way radios, etc. 
connected to a suspected circuit. A "Scan" tool • EST wires should be kept away from spark plug 
can also be used for monitoring input signals to wires, distributor wires, distributor housing, 
the ECM to help detect intermittent conditions. coil, and generator .• Wire from ECM to 
An abnormal voltage, or "Scan" reading, when distributor (CKT 453) should be a good 
the problem occurs, indicates the problem may connection. 
be in that circuit. If the wiring and connectors • Check for open diode across A/C compressor 
check OK and a trouble code was stored for a clutch, and for other open diodes (see wiring 
circuit having a sensor, except for Codes 43, 44, diagrams). 
and 45, substitute a known good sensor and . 
recheck. 

HARD START 
Definition: Engine cranks OK, but does not start for a long 

time. Does eventually run, or may start but immediately dies. 

• Perform careful check as described at start of 
Section "B". 

• Make sure driver is using correct starting 
procedure. 

• CHECK: 
- TPS for sticking or ·binding or a high TPS 

voltage with the throttle closed (should read 
· less than .700 volts). 

- High resistance in coolant sensor circuit or 
sensor itself. See Code 15 chart · or with a 
"Scann tool compare coolant temperature with 
ambient temperature on a cold engine. 

- Fuel pressure CHART A-7. 

- Water contaminated fuel. 
-·. EGR operation. Be sure valve seats properly and 

is' not staying open. See CHART C.:7. 
~ Both inject.or fuses (visually inspect). 

Ignition system - Check distributor for: 
Proper output with ST-125. 
Womshaft. 
Bare and shorted wires. 

Pickup coil resistance and connections. 
Loose ignition coil ground. 
Moisture in distributor cap. 

• If problem exists in cold weather, check cold start 
valve. See CHART A-9 . 
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• A faulty in-tank fuel pump check · val_ve will 
allow the fuel in the lines to drain back to the 
tank after the engine is stopped. To check for 
this condition: · 

Perform Fuel System Diagnosis, CHART A-7. 
• Remove spark plugs. Check for wet plugs, 

cracks, wear, improper gap, burned electrodes, 
or heavy deposits. Repair or r_eplace as 
necessary. 

• If engine sUlrls but then immediately stalls, 
open distributor by-pass line. If engine then 
starts and runs OK, replace pickup coil. 

• If engine starts and stalls, disconnect MAF 
sensor. Ir engine then runs and sensor 
connections are OK, replace the sensor. 

HESITATION, SAG, STUMBLE 
Definition: Momentary lack of response as the accelerator is pushed down. Can

occur at all car speeds. Usually most severe when first trying to make the car move, as 
from a stop sign. May cause the engine to stall if sevef'e enough. 

• Perform careful visual check as described at 
·start of Section .. B". 

• CHECK: 
- Fuel pressure. See CHART A-7. Also check for 

water contaminated fuel. 
- Air leaks at air duct between MAF sensor and 

throttle body. 
- Spark plugs for being fouled or faulty wiring. 
- PROM (2.SL) or MEM-CAL (5.0L & 5.7L) 

number. Also check sel"lice bulletins for latest 
MEM-CAL or PROM. 

- TPS for binding or sticking. Volt.age should 
increase at a steady rate as throttle is moved 
toward WOT. 

- Ignition timing. See Emission Control 
Information label. 

- Generator output voltage. Repair if less than 9 
or more than 16 volts. 

- HEI ground, CKT 453. 
- Canister pur·ge system for proper operation. 

See CHART C-3. 
EGR- See CHART C-7. 

• Perform injector balance test CHART C-2A. 

SURGES AND/OR CHUGGLE 

Definition: Engine power variation under steady 
throttle or cruise. Feels like the car speeds up and 
slows down with no change in the accelerator pedal. 

• Be sure driver understands transmission 
converter clutch and A/C compressor operation 
in Owner's Manual. 

• Perform careful visual inspection as described 
at start of Section "B". 

• CHECK: 
- TCC and 4th gear switch operation - See 

CHARTC-SA. · 
- Loose or leaking air duct between MAF sensor 

and throttle body. 
- Generator output voltage. Repair if less than 9 

or more than 16 volts. 
- EGR - There should be no EGR at idle. See 

CHART C-7. Also check for plugged EGR 
solenoid filter. 

- Vacuum lines for kinks or leaks. 
- Ignition timing. See Emission Control 

Information label. 
- In-line fuel filter . Replace if dirty or plugged. 
- Fuel pressure while condition exists. See 

CHARTA-7. 

• Inspect oxygen sensor for silicone contamination 
from fuel, or use of improper RTV sealant. The 
sensor may have a white, powdery coating and 
result in a high but false signal voltage (rich 
exhaust indication). The ECM will "then reduce 
the amount of fuel delivered to the engine, 
causing a severe driveability problem. 

• Remove spark plugs. Check for cracks, wear, 
improper gap, burned electrodes, or heavy 
deposits. Also check condition of distributor cap, 
rotor, and spark plug wires. 

• To help determine if the condition is caused by a 
rich or lean system, the car should be driven at 
the speed of the complaint. Monitoring block 
learn at the complaint speed will help identify the 
cause of the problem. If the system is runnig lean 
(block learn greater than 138), refer to 
"Diagnostic Aids" on facing page of Code 44. If 
the system is running rich (block learn less than 
118), refer to "Diagnostic Aids" on facing page of 
Code 45. 
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LACK OF POWER, SLUGGISH, OR SPONGY 

Definition: Engine delivers less than expected power. Little or 
no increase in speed when accelerator pedal is pushed down part way. 

• Perform careful visual check as described at 
start of Section "B". 

• Compare customer's car to similar unit. 
Make sure the customer's car has an actual 
problem. 

• Remove air cleaner and check air filter for 
dirt, or for being plugged. Replace as 
necessary. 

• CHECK: 
For loose or leaking air duct between MAF 
Sensor and throttle body. 

- Ignition timing. See Emission Control 
Information label. 

- Restricted fuel filter, contaminated fuel or 
improper fuel pressure. See CHART A-7. 

- ECM ground circuits - See ECM wiring 
diagrams. 

- EGR operation for being open or partly open all 
the time - CHART C-7. . 

- Exhaust system for possible restriction: See 
CHARTB-1. 

Inspect exhaust system for damaged or 
collapsed pipes. 
Inspect muffler for heat distress or possible 
internal failure. 

- Generator output voltage. Repair if less than 9 
or more than 16 volts. 

- Engine valve timing and compression. 
Engine for proper or worn camshaft. See 
Section "6A". 
Secondary voltage using a shop ocilliscope or a 
spark tester J-26792 (ST-125) or equivalent. 

DETONATION /SPARK KNOCK 

Definition: A mild to severe ping, usually worse under 
acceleration. The engine makes sharp metallic knocks that 
change with throttle opening. Sounds like popcorn popping. 

• Check for obvious overheating problems: 
- Low coolant. 
- Loose water pump belt. 
- Restricted air flow to radiator, or restricted 

water flow thru radiator. 
- Inoperative electric cooling fan circuit. See 

CHART C-12. . 
• CHECK: 

- Ignition timing: See Vehicle Emission 
Control Information label. 

- EGR system for' not opening - CHART C-7. 
- TCC operation - CHART C-8. 
- Fuel system pressure. See CHART A-7. 
- PROM or MEM-CAL - Be sure it's the correct 

one. (See.Service Bulletins) 
- Valve oil seals for leaking. 

• Check for incorrect basic engine parts such as 
cam, heads, pistons, etc. 

• Check for poorfuel quality. 
• Remove carbon with top engine cleaner. Follow 

instructions on can. 
• Check ESC system (5.01 & 5. 7L) 

See CHART C-5 
• To help determine if the condition "is caused by a 

rich or lean system, the car should be driven at 
the speed of the complaint. Monitoring block 
learn at the complaint speed will help identify the 
cause of the problem. If the system is runnig lean 
(block learn greater than ·138), refer to 
"Diagnostic Aids" on facing page of Code 44. If 
the system is running rich (block learn less than 
US). refer to "Diagnostic Aids" on facing page of 
Code 45. 
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CUTS ·our, MISSES 

Definition: Steady pulsation or jerking that follows engine 
speed, usually more pronounced as engine load increases. The 
exhaust has a steady spitting sound at idle or low speed. 

• Perform care{ul visual check as described at 
start of Section "B". 

• Check for missing cylinder by: 
1. Disconnect IAC valve. Start engine. 

Remove one spark plug wire at a time 
using insulated pliers. 

2. If there is an rpm drop on all cylinders 
(equal to within 50 rpm), go to "ROUGH, 
UNSTABLE, OR INCORRECT IDLE, 
STALLING" symptom. Reconnect IAC 
valve. 

3. If there is no rpm drop on one or more 
cylinders, or excessive variation in drop, 
check for spark on the suspected 
cylinder(s) with J.26792 (ST-125) Spark 
Gap Tool or equivalent. If no spark, see 
Section "6D" for intermittent operation or 
miss. If there is spark, remove spark 
plug(s) in these cylinders and check for: 

Cracks 
Wear 
Improper gap 
Burned electrodes 
Heavy deposits 

• Perform compression check on questionable 
cylinder(s) found above. If compression is low, 
repair as necessary. See Section "6". 

• Disconnect all injector harness connectors. 
Connect J-34730-2 injector test light or 
equivalent 6 volt test light between the 
harness terms, of each injector connector and 
note light while cranking. lf test light fails to 

blink at any connector, it is a faulty injector drive 
circuit harness, connector, or terminal. 

• Perform the injector balance test. See CHART C-
2A. 

• CHECK: 
- Spark plug wires by connecting ohmmeter to 

ends of each wire in question. If meter reads over 
30,000 ohms, replace wire(s). 

- Fuel System - Plugged fuel filter, water, low 
pressure. See CHART A•7. 

- Valve timing. 
- Secondary voltage using a shop ocilliscope or a 

spark tester J-26792 (ST-125) or equivalent. 
• Visually inspect distributor cap and rotor for 

moisture, dus~; cracks, burns, etc. Spray cap and 
plug wires with fine water mist to check ·ror 
shorts. 

• A miss condition can be caused by EMI 
(Electromagnetic Interference) on the reference 
circuit. EMI can . usually be detected by 
monitoring engine rpm with a "Scan" tool. A 
sudden increase in rpm with little change in 
actual engine rpm change, indicates EMI is 
present. 
If the problem exists, check routing of secondary 
wires, check all distributor ground circuits. 

• Remove rocker covers. Check for bent pusbrods, 
worn rocker arms, broken valve springs, worn 
camshaft lobes. Repair as necessary. See Section 
"6A". 

BACKFIRE 
Definition: Fuel ignites in intake manifold, or 

in exhaust system, making a loud popping noise. 

• CHECK: 
- Loose wiring connector or air duct at MAF 

sensor. 
- Compression· - Look for sticking or leaking 

valves. 
- EGR operation for being open all the time. See 

CHARTC-7. 
- EGR gasket for faulty or loose fit . 
- Valve timing. 
- Output voltage of ignition coil using a shop 

ocilliscope or spark tester J-26792 {ST-125) or 
equivalent. 

- Spark plugs for crossfire also inspect (distributor 
cap, spark plug wires, and proper routing of plug 
wires). 

- Ignition system for intermittent condition. (See 
Section "6D"). 

• Engine timing - see Emission Control 
Information label. 

- Perform fuel system diagnosis check, CHART A-
7 A. 

- Perform injector balance test, CHART C-2A. 
- Deceleration valve (2.SL manual/trans) - See 

Section "C6". 
- AIR system check valves - See Section "C·6". 
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POOR FU EL ECONOMY 
Definition: Fuel economy, as measured by an actual road test, is 

noticeably lower than expected. Also, economy is noticeably lower than 
it was on this car at one time, as previously shown by an a~tual road test. 

• Perform careful visual check as described at 
start of Section "B". 

- Ignition timing. See Emission Control 
Information label. 

• CHECK: - TCC for proper operation. A "Scan" should 
Coolant level. indicate an rpm drop when the TCC is 

commanded "ON". See CHART C-8. - Engine thermostat for faulty part (always 
open) or for wrong heat range. See Section 
"6B". 

- Compression 

- Induction system and crankcase for air leaks. 
• Check for exhaust restriction. 

See CHART B-1. 

DIESELING, RUN-ON 
Definition: Engine continues to run after key is 

turned "OFF", but runs very roughly. If engine runs 
smoothly, check ignition switch and adjustment. 

• Cheek injectors for leaking. See CHART A-7. 

ROUGH, UNSTABLE, OR INCORRECT IDLE, STALLING 
Definition: The engine runs unevenly at idle. If bad enough, the c·ar may 

shake. Also,~the idle may vary in rpm (called "hunting"). Either condition 
may be bad enough to cause stalling. Engine idles at incorrect speed. 

• Perform careful visual check as described at - Check AIR system. There should be no AIR to 
start of Section "B". ports while in "Closed Loop". See CHART C-6. 

• CHECK: - EGR valve: There should be no EGR at idle. 
- Throttle linkage for sticking or binding. Also • Run a cylinder compression check. See Section 

check TPS adjustment. Refer to Section "C2". "6". 
- Ignition timing. See Emission Control • Inspect oxygen sensor for silicon contamination 

Information label. from fuel, or use of improper RTV sealant. The 
- ECM ground circuits. sensor will bave a white, powdery coating, and 
- IAC system. See CHART C-2C. will result in a high but false signal voltage (rich 
- Generator output voltage. Repair if less than 9 exhaust indication). The ECM will then reduce 

or more than 16 volts. the amount of fuel delivered to the engine, 
- PIN switch circuit. See CHART C-lA, or use causing a severe driveability problem. 

"Scan" tool. • Check for fuel in pressure regulator hose. If 
- Injector balance. See CHART C-2A. present replace regulator assembly. 
- PCV valve for proper operation by placing • Check ignition system; wires, plugs, rotor, etc. 

finger over inlet hole in valve end several times. • Check for loose or damaged air duct between 
Valve should snap back. lfnot, replace valve. MAF sensor and throttle body. 

- Evaporative Emission Control System. CHART • Disconnect MAF sensor and if condition is 
C-3. corrected replace sensor. 

- AJC signal to ECM terminal "B8" (5.0L & 5.7L). • Clean injectors . 
. "Scan" tool should indicate A/C is being • Monitoring block learn will help identify the 
requested when ever A/C is selected and the cause of the problem. If the system is runnig lean 
pressurecyclingswitchisclosed. (block learn greater than 138), refer to 

- AJC system operation (2.SL) ~ See CHART C-10. "Diagnostic Aids" on facing page of Code 44. If 
- Loose or damaged MAF sensor duct between the system is running rich (block learn. less than 

serisor and throttle body. 118), refer to "Diagnostic Aids" on facing page of 
- Power Steering Pressure Switch (2.8L - See Code 45. 

CHARTC-lE. 
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EXCESSIVE EXHAUST EMISSIONS OR ODORS 
Definition: Vehicle fails an emission test. Vehicle has excessive "rotten ~gg" smelL 

Excessive odors do not necessarily indicate excessive emissions. 

• Perform "Diagnostic Circuit Check." 
• IF TEST SHOWS EXCESSIVE CO AND HC, 

(or also has excessive odors): 
• Check items which cause car to run RICH. 

• Make sure engine is at normal 
operating temperature. 

• CHECK: 
Fuel pressure. See CHART A-7. 
Incorrect timing. See vehicle emission 
control information label. 
Canister for fuel loading. See CHART C-3. 
Injector balance. See CHART C-2A. 
PCV valve for being plugged, stuck, or 
blocked PCV hose, or fuel in the crankcase. 
Spark plugs, plug wires, and ignition · 
components. See Section "60". 
Check for lead contamination of catalytic 
converter (look for removal of fuel filler 
neck restrictor). 
Check for properly installed fuel cap. 

• If the system is running rich, (block learn 
less than 118), refer to .. Diagnostic Aids" on 
facing page of Code 45. 

• IF TEST SHOWS EXCESSIVE NOx: 
• Check items which cause car to run LEAN, 

or to run too hot. 
EGR valve for not opening. See CHART 
C-7. 
Vacuum leaks. 
Coolant system and coolant fan for 
proper operation. See CHART C-12. 
Remove carbon with top engine cleaner. 
Follow instructions on can. 
Check ignition timing for excessive. base 
advance. See emission con.trol 
information label. 

• If the system 'is running lean, (block learn 
greater than 138), refer to "Diagnostic Aids" on 
facing page of Code 44. 
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CHART 8-1 
RESTRICTED EXHAUST SYSTEM CHECK 

ALL ENGINES 

Proper diagnosis for a restricte4 ·exhaust system is essential before any components are replaced. Either of 
the following procedures may be used for diagnosis, depending upon engine or tool used: 

CHECK AT A. I. R. PIPE: . OR CHECK AT 02 SENSOR: 
1. Remove the rubber hose at the exhaust 

manifold A.I.R. pipe check valve. Remove 
check valve. 

2. Connect a fuel pump pressure gauge to a hose 
and nipple from a Propane Enrichment 
Device (J 26911) (see illustration). 

3. Insert the nipple into the exha~t manifold 
A.I.R. pipe. 

[JJ GAGE 
[D HOSE AND NIPPLE ADAPTER 
(I] A.I.R. PIPE (EXHAUST PORT) 
(]] CHECK VALVE 

DIAGNOSIS: 

753363 6E 

1. Carefully remove 02 sensor. 
2. Install Borroughs exhaust backpressure 

tester (BT 8515 or BT 8603) or equivalent in 
place of 02 sensor (see illustration). 

3. After completing test described below, be 
sure to coat threads of 02 sensor with anti
seize compound PIN 5613695 or equivalent 
prior to re-installation. 

DJ EXHAUST MANIFOLD 
[I] OXYGEN (02) SENSOR 
(I] BACK PRESSURE GAGE 7533386E 

1-. With the engine idling at normal operating temperature, observe the exhaust system backpressure 
reading on the gage. Reading should not exceed 8.6 kPa (1.25 psi). 

2. 
3. 
4. 
5. 

Increase engine speed to 2000 rpm and observe gage. Reading should not exceed 20.7 kPa (3 psi). 
If the backpressure at either speed exceeds specification, a restricted exhaust syst.em is indicated. 
Inspect the entire exhaust system for a collapsed pipe, heat distress, or possible internal muffier failure. 
If there are no obvious reasons for the excessive backpressure, the catalytic converter is suspected to be 
restricted and should be replaced using current recommended procedures. 

C-26-88 , 
7S3340-fiE 
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BEFORE STARTING 

Before using this section you should have 
performed the "Diagnostic Circuit Check" and 
found out that: 
1. The ECM and "Service Engine Soon" light are 

operating. 
2. There are no trouble codes stored, or there is a 

trouble code but ·no "Service Engine Soon" light. 
Verify the customer complaint, and locate the 

correct SYMPTOM below. Check the items 
indicated under that symptom. 

If the ENGINE CRANKS BUT WILL NOT 
RUN, see CHART A-3. 

Several of the symptom procedures below call 
for a careful visual physical check. This check 
should include: 

• ECM grounds for being clean and tight. 
• Vacuum hoses for splits, kinks, and proper 

connections, as shown on Vehicle Emission 
Control Information label. 

• Air leaks at throttle body mounting and intake 
manifold. 

• Air leaks between MAF sensor and throttle body. 
• Ignition wires for cracking, hardness, proper 

routing, and carbon tracking. 
• Wiring for proper connections, pinches, and cuts. 

The importance of this step cannot be stressed too 
strongly - it can lead to correcting a problem without 
further checks and can save valuable time. 
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INTERMITTENTS 

Definition: Problem may or may not turn "ON" the "Service 
Engine Soon" light, or store a code. · 

DO NOT use the Trouble Code Charts in • Loss of trouble code memory. To check, 
Section "A" for intermittent problems. The fault disconnect TPS and idle engine until "Service 
must be present to locate the problem. If a fault is Engine Soon" light comes "ON". Code 22 should 
intermittent, use of Trouble Code Charts may result be stored, and kept in memory when ignition is 
in replacement of good parts. turned "OFF". If not, the ECM is faulty. An 
• Most intermittent problems are caused by . intermittent "Service Engine Soon" light with no 

faulty electrical connections or wiring. Perform stored code may be caused by: 
careful check as described at start of Section • Ignition coil shorted to ground and arcing at 
"B". Check for: spark plug wires or plugs. 
• Poor mating of the connector halves, or • "Service Eqgine Soon" light wire to ECM 

terminals not fully seated in the connector shorted to ground. (CKT 419). 
body (backed out). • Diagnostic "test" terminal wire to ECM, 

• Improperly formed or damaged terminals. shorted to ground. (CKT 451) 
All connector terminals in problem circuit • ECM power grounds. See ECM wiring 
should be carefully reformed or replaced to diagrams. 
insure proper contact tension. • Check for an electrical system interference 

• Poor terminal to wire connection. This caused by a defective relay, ECM driven solenoid, 
requires removing the terminal from the or switch. They can cause a sharp electrical 
connector body to check. See "Introduction" surge. Normally, the problem will occur when 
in Section "6E" "Wiring Harness Service". the faulty component is operated. 

• If a visual physical check does not find the cause • Check for improper installation of electrical 
of the problem, the car can be driven with a options, such as lights, 2-way radios, etc. 
voltmeter connect.ad to a suspected circuit. A • EST wires should be routed away from spark 
"Scan" tool can also be used for monitoring plug wires, distributor wires, distributor 
input signals to the ECM to help detect housing, coil, and generator. Wire from ECM to 
intermittent conditions. An abnormal voltage, distributor (CKT 453) should be a good 
or "Scan" reading, when the problem occurs, connection. 
indicates the problem may be in that circuit. If • Check for open diode across A/C compressor 
the wiring and connectors check OK and a clutch, and for other open diodes (see wiring 
Trouble Code was stored for a circuit having a diagrams). 
sensor, except for Codes 43, 44, and 45, 
substitute a known good sensor and recheck. 

HARD START 
Definition: Engine cranks OK, but does not start for a long time. Does 

eventually run, or may start but immediately dies. 

• Perform careful check as described at start of - Fuel system pressure CHART A-7. 
Section "B". - For contaminated fuel. 

• Make sure driver is using correct starting - EGR operation. Be sure valve seats properly and 
procedure. . is not staying open. See CHART C-7. 

• CHECK: - Both injectorfuses (visually inspect). 
- TPS fQr sticking or binding. or a high TPS - Ignitionsystem-Checkdistributorfor: 

voltage with the thro~le closed. Proper Output with ST-125. 
- High resistance in coolant sensor circuit or· Worn distributor shaft. 

coolant temperature sensor itself. See Code 15 Bare and shorted wires. 
chart or with a "Scan" tool compare coolant Pickup coil resistance and connections. 
temperature with ambient temperature on a Loose ignition coil ground. 
cold engine. Moisture in distributor cap. 
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• A faulty in-tank fuel pump check valve will allow 
the fuel in the lines to drain back to the tank -after 
the engine is stopped. To check for this condition: 

Perform Fuel System Diagnosis, see CHART A-7. 
• Remove spark plugs. Check for wet plugs, cracks, 

wear, improper gap, burned electrodes, or heavy 
deposits. Repair or replace as necessary. 

• If engine starts but then immediately stalls 
· open distributor, set timing connector. H engine 
then starts and runs OK, replace pickup coil. 

• If engine starts and stalls, disconnect MAF 
sensor. If engine then runs and MAF sensor 
connections are OK, replace the sensor. 

• Basic engine problem. 

SURGES AND/OR CHUGGLE 
Definition: Engine power variation under steady throttle or cruise. Feels like the car 

speeds up and slows down with no change in the accelerator pedal. 

• Be sure driver understands Torque Converter 
Clutch and AJC compressor operation in owner's 
manual. 

• Perform careful visual physical check as 
described at start of Section "B". 

• CHECK: 
- Loose or leaking air duct between MAF sensor 

and throttle body. 
- Generator output voltage. Repair if less than 9 

or more than 16 volts. 
- EGR - There should be no EGR at idle, see 

CHARTC-7. 
- Vacuum lines for kinks .or leaks. 
- In-line fuel filter. Replace if dirty or plugged. 
- Fuel pressure while condition exists. See 

CHARTA-7. 
- Ignition timing. See Vehicle Emission Control 

Information label. 
• Inspect oxygen sensor for silicon contamination 

from fuel, or use of improper RTV sealant. 

The sensor may have a white, powdery coating and 
result in a high but false signal voltage (rich 
exhaust indication). The ECM will then reduce the 
amount of fuel delivered to the engine, causing a 
severe driveability problem. 
• Remove spark plugs. Check for cracks, wear, 

improper gap, burned electrodes, or heavy 
deposits. Also check condition of distributor 
cap, rotor, and spark plug wires. 

• To help determine if the condition is caused by a 
rich or lean system, the car should be driven at 
the speed of the complaint. Monitoring block 
learn at the complaint speed will help identify 
the cause of the problem. If the system is lean 
(block learn greater than 138), refer to 
..Diagnostic Aids" on facing page of Code 44. If 
the system is running rich (block learn less than 
118), refer to "Diagnostic Aids" on facing page 
ofCode45. 

LACK OF POWER, SLUGGISH, OR SPONGY 
Definition: Engine delivers less than expected power. Little or no increase in speed 

when accelerator pedal is pushed down part way. 

• Perform careful visual check as described at start 
of Section "B". 

• Compare customer's car to similar unit. Make 
sure the customer's car has an actual problem. 

• Remove air cleaner and check air filter for dirt, 
or for being plugged. Replace as necessary. 

• CHECK: 
• For loose or leaking air duct between MAF sensor 

and throttle body. 
- Restricted fuel filter, contaminated fuel or 

improper fuel pressure. See CHART A-7. 
ECM Ground circuits - See EC.M wiring 
diagrams. 

- EGR operation for being open, or partly open all 
the time - CHART C-7. 

- Ignition timing. See Vehicle Emission Control 
Information label. 

- Exhaust system for possible restriction, see 
CHARTB-1. 

Inspect exhaust system for damaged or 
collapsed pipes. 
Inspect muffler for heat distress or possible 
internal failure. 

- For possible plugged catalytic converter by 
comparing exhaust system backpressure on 
each side at engine. Check backpressure by 
removing A.LR check valves near exhaust 
manifolds. See CHART B-1 for procedure. 

- Generator output voltage. Repair if less than 9 
or more than 16 volts. 
Engine valve timing.and compression. 

- Engine for correct or worn camshaft. See 
Section "6A". 

- Secondary voltage using a shop oscilliscope or a 
spark tester J 26792 (ST-125) or equivalent. 

- Check for excessive retarded ignition timing. 
. See CHART C-5. 
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DETONATION/SPARK KNOCK 
Definition: A mild to severe ping, usually worse under acceleration. The engine 

makes sharp metallic knocks that change with throttle opening. Sounds 
like popcorn popping. 

• Check for obvious overheating problems: 
Low engine coolant. 

- Loose water pump belt. 
- Restricted air flow to radiator, or restricted 

water flow thru radiator. 
- Inoperative electric cooling fan circuit, see 

CHARTC-12. 
• CHECK: 

- Ignition timing. See Vehicle . Emission 
Control Information Label. . 

- EGR system for not opening-CHART C-7. 
- TCC operation, see CHART C-8. 
- Fuel system pressure, see CHART A-7. 
- Mem-Cal - Be sure it's the correct one. (See 

"Service Bulletins"). 
- Valve oil seals for leaking. 

• Check for incorrect basic engine parts such as 
cam, heads, pistons, etc. 

• Check for poor fuel quality, proper octane rating. 
• Remove carbon with top engine cleaner. Follow 

instructions on .can. 
• Check ESC system, see CHART C-5. 
• To help determine if the condition is caused by a 

rich or liean system, the car should be driven at 
the speed of the complaint. Monitoring block 
learn at the complaint speed will help identify the 
cause of the problem. ff the system is running 
lean (block learn greater than 138), refer to 
..Diagnostic Aids" on facing page of Code 44. If 
the system is running rich (block learn less than 
118), refer to "Diagnostic Aids" on facing page of 
Code 45. 

HESITATION, SAG, STUMBLE 
Definition: Momentary iack of response as the accelerator is pushed down. Can occur 

at all car speeds. Usually most severe when first trying to make the car 
move, as from a stop sign. May cause the engine to stall if severe enough. 

• Perform careful visual physical check as 
described at start of Section "B". 

• CHECK: 
- Fuel system pressure. See CHART A-7. Also, 

check for water or co11taroioated fuel. 
- Air leaks at air duct between MAF sensor and 

throttle body. 
- Spark plugs for being fouled or faulty wiring. 
- Mem-Cal number. Also check service bulletins 

for latest Mem-Cal. 
• TPS for binding 9r sticking. Voltage should 

increase at a steady rate as throttle is moved 
toward WOT. 

- Ignition timing. See Vehicle Emission Control 
Information label. 

- Generator output voltage. Repair if less than 9 or 
more than 16 volts. 

- Distributor (HEO ground, CKT 463. 
Canister purge system for proper operation. See 
CHARTC-3. 

- EGR- See CHART C-7. 
• Perform injector balance test CHART C-2A. 
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CUTS OUT, MISSES 

Definition: Steady pulsation or jerking that follows engine speed, usually more 
pronounced as engine load increases. The exhaust has a steady 
spitting sound at idle or low speed. 

• Perform careful visual check as described at 
start of Section '13n. 

• Check for missing cylinder by: 
I. Start engine, allow engine to stabilize then 

disconnect IAC motor. Remove one spark 
plug wire at a time, using insulated pliers. 

' CAUTION: Do not perform this test for more 
than 2 minutes, as this may cause 
damage to the catalytic converter. 

2. If there is an rpm drop on all cylinders 
(equal to within 50 rpm), go to .. ROUGH, 
UNSTABLE, OR INCORRECT IDLE, 
STALLINGn symptom. Reconnect IAC 
valve. 

3. If there is no rpm drop on one or more 
cylinders, or excessive variation in drop, 
check for spark on the suspected cylinder(s) 
with J 26792 (ST-125) Spark or equivalent. 
If no spark, se.e Section "6D" for 
Intermittent Operat'ion or Miss. If there is 
spark, remove spark plug(s) in these 
cylinders and check for: 

Cracks 
Wear 
Improper Gap 
Burned Electrodes 
Heavy Deposits 

• Perform compression check on questionable 
cylinder(s) found above. If compression is low, 
repair as necessary. See Section "6". 

• Disconnect all injector harness connectors. 
Connect J 34730-2 Injector Test Light or 
equivalent 6 volts test light between the harness 
terms, of each injector connector and note light 
while cranking. If test light fails to blink at any 
connector, it is a faulty injector drive circuit 
harness, connector, or terminal. 

• Perform the Injector Balance Test. See CHART 
C-2A. 

• QtECK: 
- · Spark plug wires by connecting ohmmeter to 

ends of each wire in question. If meter reads over 
30,000 ohms, replace wire(s). _ 

- Fuel System - Plugged fuel filter, water, low 
pressure. See CHART A-7. 

- Secondary voltage using a shop oscilliscope or a 
spark tester J-26792 (ST-125) or equivalent. 

• Visually inspect distributor cap and rotor for 
moisture, dust, cracks, burns, etc. Spray cap and 
plug wires with fine water mist to check for 
shorts. 

• A miss condition can be caused by EMI 
(Electromagnetic Interference) on the reference 
circuit. EMI can usually be detected by 
monitoring engine rpm with a "Scan" tool. A 
sudden increase in rpm with little change in 
actual engine rpm change, indicates EMI is_ 
present. 
If the problem exists, check routing of secondary 
wires, check all distributor ground circuits. 

• Remove rocker covers. Check for bent pushrods, 
worn rocker arms, broken valve springs, worn 
camshaft lobes. Repair as necessary. See Section 
"6A". 

- Valve timing. 

POOR FUEL ECONOMY 
Definition: Fuel economy, as measured by an actual road test, is noticeably 

lower than expected. Also, economy is noticeably lower than it was 
on this car at one time, as previously shown by an actual road test. 

• Perform careful visual check as described at 
start of Section "B". 

• CHECK: 
- Engine coolant level. 
- Engine thermostat for taulty part (always 

open) or for wrong,,fteat range. See Section 
"6B". 

- Ignition timing. See Vehicle Emission Control 
Information label. 

- TCC for proper operation. A "Scan" should 
indicate an rpm drop when the TCC is 
commanded "ON," see CHART C-8. 

• Induction system and crankcase for air leaks. 
• Check for exhaust restriction, see CHART B-1. 

• Compression 
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ROUGH, UNSTABLE OR INCORRECT IDLE, STALLING 
Definition: The engine runs unevenly at idle. If bad enough, the car may shake. Also, 

the idle may vary in rpm (called "hunting"). Either condition may be bad 
enough to cause stalling. Engine idles at incorrect speed. 

• Perform careful visual check as described at 
· start of Section "B". 

• CHECK: 
Vacuum leaks. 

- Throttle linkage for sticking or binding. 
- ECM ground circuits. 
- IAC system. See CHART C-2C. 
- Generator output voltage. Repair if less than 9 

or more than 16 volts. 
- PIN switch circuit. See CHART C- lA, or use 

"Scan" tool. 
- Injector balance. See CHART C-2A. 
- PCV valve for proper operation by placing 

finger over inlet hole in valve end several 
times. Valve should snap back. If not, replace 
valve. 

- Evaporative emission control system. CHART 
C-3. 

- NC signal to ECM terminal "B8". "Scan" tool 
should indicate A/C is being requested when 
ever A/C is selected and' the pressure cycling 
switch is closed. 

- Check A.I.R. system. There should be no A.LR 
to ports while in "Closed Loop." See CHART 
C-6. 

- EGR valve: There should be no EGR at idle. 
• Run a cylinder compression check-see Section 

"6". 
• Inspect oxygen sensor for silicon contamination 

from fuel, or use of improper RTV sealant. The 
sensor will have a white, powdery coating, and 
will result in a high but false signal voltage (rich 
exhaust indication) . . The ECM will then reduce 
the amount of fuel delivered to the engine, 
causing a severe-driveabHity problem. 

• Check for fuel in pressure regulator hose . If 
present replace regulator assembly. 

• Check ignition system; wires, plugs, rotor, etc. 
• Check for loose or damaged air duct between 

MAF sensor and throttle body. 
• Disconnect MAF sensor and if condition is 

corrected replace sensor. 
• Clean injectors. 
• Monitoring block learn will help identify the 

cause of the problem. If the system is running 
lean (block learn greater than 138), refer to 
"Diagnostic Aids" on facing page of Code 44. If 
the system is running rich (block learn less than 
118), refer to "Diagnostic Aids" on facing page of 
Code 45. 

EXCESSIVE EXHAUST EMISSIONS OR ODORS 
Definition: Vehicle fails an emission test. Vehicle has excessive "rotten egg" 

smell. Excessive odors do not necessarily indicate excessive emissions. 

• . Perform "Diagnostic Circuit Check." 
• IF TEST SHOWS EXCESSIVE CO AND HC, 

(or also has excessive odors): 
• Check items which cause engine to run 

RICH. 
• Make sure engine is at normal operating 

temperature. 
• CHECK: 

Fuel pressure. See CHART A-7. 
Incorrect timing. See Vehicle Emission 
Control Information Label. 
Fuel vapor canister for fuel loading. See 
CHARTC-3. 
Injector balance. See CHART C-2A. 
PCV valve for being plugged, stuck or 
blocked PCV hose or fuel in the crankcase. 
Spark plugs, plug wires, and ignition 
components. See Section "6D". 
Check for lead contamination of catalytic 
converter (look for removal of fuel filler 
neck restrictor). 
Check for properly installed fuel cap. 

• If the system is running rich, (block learn 
less than 118), refer to "Diagnostic Aids" on 
facing page of Code 45. 

• IF TEST SHOWS EXCESSIVE NOx: 
• Check items which cause car to run LEAN, or 

run too Hot. 
EGR valve for not opening. See CHART 
C-7. 
Vacuum leaks. 
Coolant system and coolant fan for proper 
operation. See CHART C-12. 
Remove carbon with top engine cleaner, 
follow instructions on can. 
Check ignition timing for excessive base 
advance. See Vehicle Emission Control 
Information Label. 

• If the system is running lean, (block learn 
greater than 138), refer to "Diagnostic Aids" on 
facing page of Code 44. 
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DIESELING. RUN-ON 
Definition: Engine continues to run after key is turned .. OFF," but runs very 

roughly. ff engine runs smoothly~ check ignition switch and 
adjustment. 

• Check injectors for leaking. See CHART A-7 .. 

BACKFIRE 
Definition: Fuel ignites in intake manifold, or in exhaust system making a loud 

popping noise. 

• CHECK: 
- Loose wiring connector or air duct at MAF 

sensor. 
- EGR operation for being open all the time. See 

CHARTC-7. 
- EGR gasket for faulty or loose fit. 
- Spark plugs for crossfire also inspect 

(distributor cap, spark plug wires, and proper 
routing of plug wires). 

- Ignition system for intermittent condition. (See 
Section "6D".) 

- Ignition timing, see Vehicle Emission Control 
Information Label. ' 

- Perform fuel system diagnosis check, see CHART 
A-7A. 

- Perform injector balance test, see CHART C-2A. 
- A.I.R. system check valves, see Section "C-6". 
- Compression - Look for sticking or leaking 

valves. 
- Valve timing. 
- Output voltage of ignition coil using a shop 

oscilliscope or spark tester J 26792 (ST-125) or 
equivalent. 
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CHART e~1 
RESTRICTED EXHAUST SYSTEM CHECK 

ALL ENGINES 

Proper diagnosis for a restricted exhaust system is essential before any components are replaced. Either of 
the following procedures may be used for diagnosis, depending upon engine or tool used:· 

CHECK AT A.I.R. PIPE: 
1. Remove the rubber hose at the exhaust 

manifold A.LR. pipe check valve. Remove 
check valve. 

2. Connect a fuel pump pressure gauge 'to a hose 
and nipple from a Propane Enrichment 
Device (J 26911) (see illustration). 

3. Insert the nipple into the exhaust manifold 
A.LR. pipe. 

IJ] GAGE 

OR CHECKATO2 SENSOR: 
1. Carefully remove 02 sensor. 
2. Install Borroughs Exhaust Backpressure 

Tester (BT 8515 or BT 8603) or equivalent in 
place ofO2 sensor (see illustration). ·' 

3. After completing test described below, be 
sure to coat threads of 02 sensor with anti~ 
seize compound PIN 5613695 or equivalent 
prior to re-installation. 

W HOSE AND NIPPLE ADAPTER 
W A.I.R. PIPE (EXHAUST PORT) 

W CHECK VALVE 7S 3363 6E 

OJ EXHAUST MANIFOLD 

(]] OXYGEN (02) SENSOR 

U] BACK PRESSURE GAGE 7S33386E 

DIAGNOSIS: 
1. . With the engine idling at normal operating temperature, observe the exhaust system backpressure 

reading on the gauge. Reading should not exceed 1 ¼ psi (8.6 k.Pa). 
2. Accelerate engine to 2000 RPM and observe gauge. Reading should not exceed 3 psi (20.7 kPa). 
3. If the backpressure, at either RPM, exceeds specification, a restricted exhaust system is indicated. 
4. Inspect the entire exhaust system for a collapsed pipe, heat distress, or possible internal muffier failure. 
5. If there are no obvious reasons for the excessive backpressure, a restricted catalytic converter should be 

suspected and replaced using current recommended procedures. 

4-24-86 753340-6E 
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SECTION C 
COMPONENT SYSTEMS 

Section C provides information on the following: 
· • General description of components and systems. 

• On-vehicle service. 

• Part names and group numbers. 

l 
• Diagnostic charts. These include a functional check of the system as well as diagnosis of any problem 

found in the functional check. · 

For locations of components, wiring diagrams and ECM Terminal End View refer to the front of the A Sections of 
the engine being diagnosed. 

Following are the sub-section identification and the system covered: 

• C1 Electronic Control Module (ECM) and Sensors ••••••••••••••••••••••••••• 
• C2 Fuel Metering System ••••••••••••••••••• ~ ••••••••••••••••••••••••• 
• C3 Evaporative· Emission Control System (E E CS) •••••••••••••••••••••••••••• 
• C4 
• C6 
• C7 
• C8 
• c,o 
• C12 
• C13 

Ignition System/EST ••••••••••••••••••••••••••••••••••••••••••••••• 
Air Injection Reaction (A.LR.) System Manual Transmission Only •••••••••••••• 
Exhaust Gas Recirculation (EGR) System •••••••••••••••••••••••••••••••• 
Transmission Converter Clutch (TCC) System and Manual Transmission Shift Light 
ECM Controlled Air Conditioning •••••••••••••••••••••••••••••••••••• 
Electric Cooling Fan ••••••••••••••••••••••••••••••••••••••••••••••• 
Positive Crankcase 'ventilation (PCV) •••••••••••••••••••••••••••••••••• 

DIAGNOSTIC CHARTS 

Page C1-1 
Page C2·1 
PageC3-1 
PageC4-1 
PageC6-1 
Page0-1 
PageC8-1 
Page C10-1 
PageC12·1 
PageC13-1 

The Diagnostic Charts for each sy~em are found after the on-car service and parts information at the back of 
each section. Following are the charts found in this section. 

• Chart C-1 ECM QDR Check ••••••••••••••••••••••••••••••••••••••••••• 
• Chart C-1 A Park Neutral Switch •••••••••••••••••••••••••••••••••••••••• 
• Chart C-1 E Power Steering Pressure Switch ••••••••••••••••••••••••••••••• 
• Chart C-2A Injector Balance Test ••••••••••••••••••••••••••••••••••••••• 
• Chart C-2C Idle Air Control ••••••••••••••••••••••••••••••••••••••••••• 
• Chart C-3 Canister Purge Valve Check •••••••••••••••••••••••••••••••••• 
• Chart C-4A Ignition System Check ••••••••••••••••••••••• ■ •••••••••••••• 
• Chart C-6 Electric Control (Divert)- (Manual Transmission) •••••••••••••••••• 
• Chart C-7 Exhaust Gas Recirculation Check •••••••••••••••••••••••••••••• 
• Chart C-8 Automatic Transmission Converter Clutch (TCC)- (1 of 2) •••••••••••• 
• ChartC-SA 
• ChartC-10 
• ChartC-12 

Mir Shift Light Check ••••••••••••••••••••••••••••••••••••••• 
AJC Clutch Control ••••••••••••••••••••••••••••••••••••••••• 
Electric Cooling Fan Control Circuit• (1 of 2) •••••• ~ ••••••••••••••• 

Page C1-10 
Page C1-12 
PageC1-14 
PageC2-20 
PageC2-22 
PageC3-4 
PageC4-4 
PageC6-6 
PageC7-6 
PageCS-2 
PageCS-6 
PageC10-2 
PageC12-2 
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SECTION C 
COMPONENT SYSTEMS 

Section "C" provides information on the following: 
• General description of components and systems. 

• On-vehicle ser.vice. 

• Part names and group numbers. 

• Diagnostic charts. These include a functional check of the system as well as diagnosis of any problem 
found in the functional check. 

For locations of components, wiring diagrams, and ECM Terminal End View, refer to the front on the "A" 
section of the engine being diagnosed. 

Following are the sub-section identification and the system covered: 

• C1 Electronic Control Module (ECM) and Sensors • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C1-1 

• C2 Fuel Metering System • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C2-1 

• 0 Evaporative Emission Control System (EECS) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C3-1 

• C4 Ignition System/EST • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C4-1 

• CS Electronic Spark Control (ESC) System • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page CS-1 

• • C6 Air Injection Reaction (A.LR.) System • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C6-1 

• C7 Exhaust Gas Recirculation (EGR) System • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C7·1 

• ca Torque Converter dutch (TCC) System •••••••••••••• ~.................... Page CB-1 

• C12 CoolingFanControl •••••••••••••••••••••••••••••••••••••••••••••••• PageC12-1 

• C13 Positive Crankcase Ventilation (PCV) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C13-1 

DIAGNOSTIC CHARTS 

The Diagnostic Charts for each system are found after the on-car service and parts information at the back of 
each section. Following are the charts found in this section. 

• Chart C-1 Park/N~utral Switch Diagnosis {Auto Transmission Only) ••••••••••••••• Page C1-10 

• ChartC-2A 

• Chart C-2C 

• Chart C-3 

Injector Balance Test • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C2·18 

Idle.Air Control (IAC) System Check • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C2-20 

Canister Purge Solenoid Check • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C3-4 

• Chart C-4 Ignition System Check • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page C4-4 

• Chart C-5 Electronic Spark Control • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • Page CS-4 

• Chart C-6 AIR Management Check --Control PEDES Valve •••••••••••••• -~ .... • • Page C6·6 

• Chart C-7 Exhaust Gas Recirculation (EGR) Check ••••••••••••••••••••••••••••• Page C7-4 

·• ·Chart C-8A Torque Converter Clutch (TCC) System (1 of 2) • • • • • • • • • • • • • • • • • • • • • • • Page CB-2 

• Chart C-8B Manual Transmission Shift Light Diagnosis • • • • • • • • • • • • • • • • • • • • • • • • • Page CS-6 

• ChartC-12 Cooling Fan Control Circuit(1 of2) ••••••••••••••••••••••••••••••• PageC12-2 
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SECTION C1 
ELECTRONIC CONTROL MODU[E (ECM) AND SENSORS 

CONTENTS 
GENERAL DESCRIPTION •••••••••••••••• C1-1 

ELECTRONIC CONTROL MODULE (ECM) • • C1·1 
-ECM TYPES......... • • • • • • • • • • • • • • • C1-1 
PROM • • • • • • • • • • • • • • • • • • • • • • • • • • • C1-2 
CALPAK • • • • • • • • • • • • • • • • • • • • • • • • • • C1-2 

ECM Function • • • • • • • • • • • • • • • • • • • • C1-2 
INFORMATION SENSORS ••••••••••••• C1-2 

Engine Coolant Temp Sensor • • • • • • • • C1-2 
Mass Air Flow (MAF) Sensor -• • • • • • • • • C1-2 
MAF Sensor • • • • • • • • • • • • • • • • • • • • • C1·2 
ManifoldAirTemp(MAT)Sensor •••••• C1-3 
Oxygen (02) Sensor ••••••••••••••• C1-3 
Throttle Position Sensor (TPS) •••••••• C1-3 
Vehicle Speed Sensor • • • • • • • • • • • • • • C1-3 
Park/Neutral Switch (Auto Only) •••••• C1-4 
A/C "ON" Signal • • • • • • • • • • • • • • • • • • C1-4 
Distributor Reference Signal ••••••••• C1-4 

DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • • C1-4 
ECM ••••••••••••••••••••••••••••• C1-4 
PROM ••••••••••••••••••••••••••• C1-4 

ECM Inputs • • • • • • • • • • • • • • • • • • • • • • C1-5 
Co~1ant Temp Sensor • • • • • • • • • • • • • C1-5 

GENERAL DESCRIPTION 

ELECTRONIC CONTROL MODULE (ECM) 

NOTICE: To prevent possible Electrostatic 
Discharge damage to the ECM, do not 
touch the connector pins or soldered 
components on the circuit. 

The electronic co~trol module (ECM) (Figure Cl-
1), located under the instrument panel, is the control 
center of the fuel injection system. It constantly looks 
at the information from various sensors, and controls 
the systems that affect vehicle performance. The ECM 
performs the diagnostic function of the system. It can 
recognize operational problems, alert the driver 
through the "Service Engine Soon" light, and store a 
code or codes which identify the problem areas to aid 
the -technician in making repairs. See "Introduction" 
for more information on using the diagnostic function 
oftheECM. 

ECMTYPES 

There are two types of ECMs used for "F" series 
vehicles equipped with port fuel engines: 

Vehicles equipped with a 2.SL engine will use an 
ECM referred to as GMCM. For service, the ECM 

MAF Sensol" • • • • • • • • • • • • • • • • • • • • • C1•5 
MAT Sensor • • • • • • • • • • • • • • • • • • • • • Ct-5 
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(I]ECM 

(!] ECM HARNESS 
CONNECTORS TO ECM 

[I) PROM ACCESS COVER 

4511H-6E 

Figure C1-1 • Electronic Control Module (ECM) 

consists-of three parts: a Controller (the ECM_ without 
a PROM), a separate Calibrator- (PROM), and a 
CALPAK. 

NOTICE: To prevent possible Electrostatic 
Discharge damage to the PROM, 
CALPAK or Mem-Cal, do not touch the 
component leads, and do not remove 
integrated circuit from carrier. 
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PROM 

To allow one model of ECM to be used for many 
cliff'erent cars, a device called a Calibrator (or PROM) 
(Programmable Read Only Memory) is used (see 
Figure Cl-2). The PROM is located inside the ECM, 
and has information on the vehicle's weight, engine, 
transmission, axle ratio, and several others. While one 
ECM part number can be used by many car lines, a 
PROM is very specific and must be used for the right 
car. For this reason, it is very important t.o check the 
latest parts book and Service Bulletin information for 
the correct part number when replacing a PRQM. 

An ECM used for service (called a controller) 
comes without a PROM. The PROM from the old ECM 
must be carefully removed and installed in the new 
ECM (see On-Car Service). 

CALPAK (Figure C1-2) 

A device called a CALPAK is used to allow fuel 
delivery if other parts of the ECM are damaged. 

It has an access door in the ECM, and removal and 
replacement procedures are similar to the PROM 
removal procedures. 

The CALPAK must qe transferred to a 
replacement ECM. 

(I] ECM (I] PROM CARRIER m PROM (ENGINE CALIBRATOR) m CAL.PAK 

451217-6E 

Figura C1-2 • PROM (Calibrator) and CALPAK 

ECMFundion 

The ECM supplies either 5 or 12 volts to power 
various sensors or switches. This is done through 
resistances in the ECM which are so high in value 
that a test light will not light when connected to the 
circuit. In some cases, even an ordinary shop 
voltmeter will not give an accurate reading because 
its resistance is too low. Therefore, a 10 megohm 
input impedance digital voltmeter is required to 
assure accurate voltage readings. 

The ECM controls output circuits such as the 
Injector, IAC, Cooling Fan Relay, etc. by controlling 
the ground circuit through transistors in the ECM. 

m 
ENGINE C0OUNT TEMPERATURE SENSOR 

HARNESSCONNECTORTOECM 

4-2-85 LOCUtG TAI •ss 1M0-6EA 

Figure C1-3 • Engine Coolant Temperature Sensor 

INFORMATION SENSORS 

Engine Coolant Temperature Sensor 
(Figure C1-3) 

The coolant sensor is a thermist.or (a resistor 
which changes value based on. temperature) mounted 
in the engine coolant stream. Low coolant 
temperature produces a high resistance (100,000 ohms 
at -40°C/-40°F) while high temperature causes low 
resistance (70 ohms at 130°C/266°F). 

The ECM supplies a 5-volt signal t.o the coolant 
sensor thru a resistor in the ECM and measures the 
voltage. The voltage will be high when the engine is 
cold, and low when the engine is hot. By measuring 
the voltage, the ECM knows the engine coolant 
temperature. Engine coolant temperature a.tTects most 
systems the ECM controls. 

A failure in the coolant sensor circuit should set 
either a Code 14 or Code 15. Remember, these codes 
indicate a failure in the coolant temperature circuit, 
so proper use of the chart will lead to either repairing 
a wiring problem or replacing the sensor, to properly 
repair a problem. 

Mass·Air Flow (MAF) Sensor (Figure C1-4) 

The mass air flow (MAF) sensor measures the 
amount of air which passes through it. The ECM uses 
this information t.o determine the operating condition 
of the engine, to control fuel delivery. A large 
quantity of air indicates acceleration, while a small 
quantity indicates deceleration or idle. 

MAFSensor 

The MAF sensor produces a frequency output 
which is proportional to the air entering the engine. 
The output will vary from about 32 hertz at idle to 150 
hertz at WOT. If the sensor fails at a low frequency, a 
Code 34 should set. Ir the sensor fails at a high 
frequency, a Code 33 should set. A Code 44 or 45 may 
also be caused by a faulty MAF sensor. 

The code charts will explain how t.o determine if 
the sensor is causing the rich or lean condition. 
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Manifold Air Temperature (MAT) Sensor 

The manifold air temperature (MAT) sensor is a 
thermistor (a resistor .which changes value based on 
temperature mounted in the air cleaner assembly. 
~ow temperature produces a. high resistance (100,000 
ohms ·at -40°C/~40°F) while high temperature causes 
low resistance (70 ohms at 130°C/266°F). 

The ECM supplies a 5-volt signal to the sensor 
thru a resistor in the ECM and measures the voltage. 
The voltage will be high when the manifold air is cold, 
and low when the air is hot. By measuring the 
voltage, the ECM knows the manifold air 
temperature. 

The 2.SL uses the signal to slightly retard the 
timing during high ambient air temperatures and t.o 
help compensate the MAF sensor based on air 
temperature. 

A failure in the MAT sensor circuit should set 
either a Code 23 or Code 25. 

Oxygen (02) Sensor (Figure C1-4) 

The exhaust oxygen sensor (02) is mounted in the 
exhaust system where it c1 n monitor the oxygen 
content of the exhaust gas stream. The oxygen content 
in the exhaust reacts with the sensor to produce a 
voltage output. This voltage ranges from 
approximately .1 volt (high 02 • lean mixture) to .9 
volt Clow 02 • rich mixture). This voltage can be 
measured with a digital voltmeter having at least 10 
megohms input impedance. Use of standard shop type 
voltmeters will result in very inaccurate readings. 

By monitoring the voltage output of the 02 sensor, 
the ECM will know what fuel mixture command to 
give to the Inject.or (lean mixture-low 02 voltage= rich 
command, rich mixture•high 02 voltage= lean 
command). 

E!1 EXHAUST OXYGEN (02) 
SENSOR 

10-2-86 
• 4S0078-6E 

Figure C1-4 4 Exhaust Oxygen (02) Sensor 

The 02 sensor, if open, should set a Code 13. A low 
voltage in the sensor circuit should set a Code 44. A 
high voltage in the circuit should set a Code 45 . . Codes 
44 and 45 could also be set as a result of fuel system 
problems. See code charts. · 

Throttle Position Sensor (TPS) (Figure C1-5) 

The throttle position sensor (TPS) is connected to 
the throttle shaft on the throttle body. It is a 
potentiometer with one end connected to·5 volts from 
the ECM and the other t.o ECM ground. A third wire 
is ·connected to the ECM to measure the voltage from 
the TPS. As the throttle valve angle is changed 
(accelerator pedal moved), the output of the TPS also 
changes. At a closed throttle position, the output of 
the TPS is low (approximately .5 volt). As the throttle 
valve opens, the output increases so that, at wide open 
throttle, the output voltage should be approximately 5 
volts. 

By monitoring the output voltage from the TPS, 
the ECM can determine fuel delivery based on throttle 
valve angle (driver demand). A broken or loose TPS 
can cause intermittent bursts of fuel from the injector, 
and an unstable idle, because the ECM thinks the 
throttle is moving. A problem in any of the TPS 
circuits will set either a Code 21 or 22. Once a trouble 
code is set, the ECM will use an artificial default value 
for TPS, and some vehicle performance will return. 

See ''On•Car Service" for replacement or 
adjustment of TPS. 

Vehicle Speed Sensor 

The vehicle speed sensor (VSS) sends a pulsing 
voltage signal to the ECM, which the ECM converts to 
miles per hour. This sensor mainly controls the 
operation of the TCC system. See "TCC System" for 
more information. 

10 

20 

~ 
21 

10 THROTTLE BODY ASSEMBLY 

20 THROTTLE POSITION SENSOR (TPS) 

21 TPS ATTACHING SCREW 

22 TPS RETAINER 
551638.&E 

Figure C1-5- Throttle Position Sensor 
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Park/Neutral Switch (Auto Only) 

The Park/Neutral (PIN) switch indicates to the 
ECM when the transmission is in Park or Neutral. 
This information is used for the TCC and the IAC 
valve operation. 

[I] Important 
Vehicle should not be driven with Park/Neutral 

switch disconnected as idle quality will be affected and 
a possible false Code 24 (VSS). 
· See Section "SA" for more information on the PIN 

switch, which is part of the neutral/start and backup 
light switch assembly. 

A/C ·oN· Signal 

This signal tells the ECM that the A/C selector 
Switch is turned on, and that the pressure cycling 
switch is closed. The ECM uses this to adjust the idle 
Speed when the air conditioning is working. 

If this signal is not available to the ECM, idle may 
be rough, especially when the A/C compressor cycles. 
The voltage at ECM terminal .. BS" should equal 
battery voltage when A/C is requested and the 
pressure cycling switch is clo~t:1-

The signal at BS will cause the ECM to turn on the 
A/C clutch by energizing the A/C relay. 

Distributor Reference Signal 

The distributor sends a signal to the ECM to tell it 
both engine RPM and crankshaft position. See EST 
System for further information. 

DIAGNOSIS 

To read the codes, use a "Scan" tool or ground the 
diagnostic terminal with the engine not running and 
the ignition on. The "Service Engine Soon" light will 
flash Code 12 three times and then flash each code 
stored in memory three times. All codes stored in 
memory would have been read when Code 12 was 
flashed again. No new codes can be stored when in the 
Diagnostics Mode (diagnostics lead grounded). This 
eliminates confusion while the system is being worked 
on. 

'I,'.o clear the codes from memory: 
• Ignition .. OFF" 
• Remove fuse located in a weather proof holder 

located near the battery for 30 seconds. 
Since the ECM can have a failure which may 

effect only one circuit, following the Diagnostic 
Procedures in this section will determine which circuit 
has a problem and where it is. 

If. a diagnostic chart indicates that the ECM 
connections or ECM is the cause of a problem and the 
ECM is replaced, but does not correct the problem onl, 
of the following may be the reason: ' 
• There is a problem with the ECM terminal 
connections. - The diagnostic chart will say "ECM 
connections or ECM. The terminals may have to be 
removed from the connector in order to check them 
properly. 

• The ECM or PROM is not correct for the 
application. - The incorrect components may cause a 
malfunction and may or may not set a code. 

• The problem is intermittent. - This means that 
the problem is not present at the time the system is 
being checked. In this case, refer to the "Symptoms" 
portion of the manual and make a careful physical 
inspection of all portions of the system involved. 

• Shorted solenoid, relay coil, or harness. -
Solenoids and relays are turned "ON" and "OFF" by 
the ECM,using internal electronic switches called 
"Drivers". Each driver is part of a group of four called 
"Quad-drivers". Failure of one driver can damage any 
other driver in the set. Solenoid and relay coil 
resistance must measure more than 20 ohms. Less 
resistance will cause early failure of the ECM 
"driver". A shorted solenoid, relay coil, or harness, 
with a GMP4 computer, will not damage the ECM, but 
will cause the component to be inoperative. 

Before replacing an ECM, be sure to check the co~ 
resistance of all solenoids and relays controlled by the...,_ 
ECM. See ECM wiring diagram for the solenoid(s) 
and relay(s) and the coil terminal identification. 

. J34636 or BT 8405 testers or equivalent provide 
a fast, accurate means of checking for a shorted coil or 
a short to battery voltage. 

• The PROM may be faulty. - Although these 
rarely fail, it operates as part of the ·ECM. Therefore, 
it could be the cause of the problem. ·Substitute a 
known good PROM. 

• The replacement ECM may be faulty. - After the 
ECM is replaced, the system should be rechecked for 
proper operation. • If the diagnostic chart again 
indicates the ECM is the problem, substitute a known 
good ECM. Although this is a rare condition, it could 
happen. 

ECM 

A faulty ECM will be determined in the diagnostic 
charts or by a Code 55. 

PROM 

A faulty PROM may result in a Code 51. 
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ECM Inputs 

All of the sensors and input switches can be 
diagnosed by the use of a "Scan" tool. Following is a 
short description of how the sensors and switches can 
be diagnosed by the use of "Scan". The "Scan" can 
also be used to compare the values for a normal 
running engine with the_ engine you're diagnosing. 

Coolant Temperature Sensor 

A "Scan" tool displays engine temperature · in 
degrees centigrade. After engine is started, the 
temperature should rise steadily to about 90°C then 
stabilize when thermostat opens. If the engine has not 
been run for several hours (overnight) the coolant 
temperature and MAT temperatures should read close 
to each other. A fault in the coolant sensor circuit 
should set a Code 14 or 15. The code charts also 
contain a chart to check for sensor resistance values 
relative to temperature. 

MAF Sensor 

A "Scan" tool reads the MAF value and displays it 
in grams per second. Should read between 4-7 on a 
fully warmed up idling engiiie. Values should change 
rather quickly on acceleration, but values should 
remain fairly stable at any given RPM. Most "Scan" 
tools will have 2 positions for reading MAF sensor 
values. (MAF & Air Flow). Both values should read 
the same if no Code 33 or 34 is set, but if a code is set, 
the MAF values will be the default value and the Air 
Flow parameter will lock in on the value to which the 
ECM recognized the fault. A failure in the MAF 
sensor or circuit should set a Code 33 or 34. 

MAT Sensor 

A "Scan" tool displays temperature of the air 
entering the engine and should read close to ambient 
air temperature when engine is cold, and rise as 
underhood temperature increases. If the engine has 
not been run for several hours (overnight) the MAT 
sensor temperature and coolant temperature should 
read close to each other. A failure in the MAT sensor 
circuit should set a Code 23 or 25. The code charts also 
contain a chart to check for sensor resistance values 
relative to tempera!ure. 

02 Sensor 

The .. Scan" has several positions that will indicate 
the state of the exhaust gases,~ voltage, integrator, 
and block learn. See "Scan" position information in 
"Introduction," Section "GE". 

A problem in the 02 sensor circuit, or fuel system, 
should set .a Code 13 (open circuit), Code 44 (lean 
indication), Code 45 (rich indication). Refer to 
applicable chart if any of these codes were stored in 
memory. 

TPS 

A "Scan" tool displays throttle position in volts. 
You should read .55V ± .0SV, with throttle closed and 
ignition on. or at idle. Voltage should increase at a 
steady rate as throttle is moved toward WOT. 

The ECM has the ability to Auto-Zero the TPS 
voltage ifit is below about .7V (700 mV). This means 
that any voltage less than .7 volts will be determined 
by the ECM to be 0% throttle. A failure in the TPS or 
circuit should set a Code 21 or 22. 

vss 
A "Scan" tools reading should closely matcb with 

speedometer reading with drive wheels turning. A 
failure in the VSS circuit should set a Code 24. 

PIN Switch 

A "Scan" tool should read PIN when in Park, or 
Neutral, and R-D, L, when in Drive or Overdrive. 
This reading may vary with d.ifi'erent makes of tools. 
Refer to CHART C- lA for PIN switch diagnosis. 

A/C Request Signal 

"Scan" tool should indicate A/C request "ON," 
when A/C is requested and the pressure cycling switch 
is closed. 

Power Steering Pressure· Switch 

A "Sean" tool should read "OFF" normally and 
"ON" with high pressure. This reading may vary with 
d.ifi'erent make of tools. · Refer to CHART C-lE for 
PSPS diagnosis. 

Reference Signal 

A "Scan" tool will read this signal and is displayed 
in rpm. 

ON-CAR SERVICE 

ELECTRONIC CONTROL MODULE {ECM) 

NOTICE: To prevent possible Electrostatic 
Discharge damage to the ECM, do not 
touch the connector pins or soldered 
components on the circuit. 

Service of the ECM should normally consist of 
either replacement of the ECM or a PROM change. 

If the diagnostic procedures call 'for the ECM to be 
replaced, the engine calibrator (PROM) and ECM 
should be checked first to see if they are the correct 
parts. If they are, remove the PROM from the faulty 
ECM and install it in the new service ECM. THE 
SERVICE ECM WILL NOT CONTAIN A PROM or 
CALPAK. 
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Trouble Code 51 indicates the PROM is installed 
improperly or has malfunctioned. When Code 51 is 
obtained, check the PROM installation for bent pins or 
pins not fully seated in the socket. If it is installed 
correctly and Code 51 still shows, replace the PROM. 

rn Important" 
When replacing the production ECM with a 

service ECM (controller), it is important to transfer 
the Broadcast code and production ECM number to 
the service ECM label. Please do not record on ECM 
cover. This will allow positive identification of ECM 
parts throughout the service life of the vehicle. 

m Important 
L..!..\,o prevent internal ECM damage, the ignition 
must be "OFF" when disconnecting or reconnecting 
power to ECM (for example, battery cable, ECM 
pigtail, ECM fuse,jumper cables, etc.). 

ECM AND COMPONENTS REPLACEMENT 
PROMORECM 

NOTICE: To prevent possible Electrostatic 
Discharge damage to the PROM, 
CALPAK or Mem-Cal, do not touch the 
component leads, and do not remove 
integrated circuit from carrier. 

Code 51 indicates a faulty PROM, possibly caused 
by bent pins, or incorrect installation. 

rn Important 
It is possible to install a PROM backwards. If the 

PROM is installed backwards and the ignition key 
turned to "ON," the PROM circuitry will be destroyed, 
requiring PROM replacement. 

NOTICE: The ignition should always be off when 
installing . or removing the ECM 
connectors o~ internal components. 

El Remove or Disconnect 
1. Negative battery cable. 
2. Right hand hush panel. 
3. Connectors from ECM. 
4. ECM mounting hardware. 
5. ECM from passenger compartment. 
6. ECM access cover (see Figure Cl-6). 
7. Remove PROM assembly. 

rn Important 
Using the rocker-type PROM removal tool, engage 

one end of the PROM carrier with the hook end of the 
tool (see Figure Cl-8). Press on the vertical bar end of 
the tool and rock the engaged end of the PROM carrier 
up as far as 

m ECM m ECM HARNESS 
[I) PROM CARRIER CONf,lECTORS TO ECM 

ffi PROM ACCESS COVER 

4S 1195-6E 

Figure C1-6 - PROM Access Cov~r 

(I] PROM CARRIER 

(!] PROM REMOVAL TOOL 
450464-fiE 

Figure C1-7 • PROM Removal Tool 

possible. Engage the opposite end of the PROM carrier 
in the same manner and rock this end up as far as 
possible. Repeat this process until the PROM carrier 
and PROM are free of the PROM socket. The PROM 
carrier with PROM in it Should lift off of the PROM 
socket easily. PROM carrier should only be removed 
by using the pictured PROM removal tool. Other 
methods could cause damage to the PROM or PROM 
socket. 

IL'l'I Inspect 
1. New PROM for same part number as old. 

[I] Important 

Do not remove PROM from carrier to check PROM 
number. 
2. For correct reference of PROM in carrier, Figure 

Cl-8. 
3. CALPAK Assembly 
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r., REFERENa £NO NOTCH IN PROM REFERENCED 
~ TO SMAUER NOTCH IN (!] PROM CARRIER AND THE PIN #1 END 

r:, 6-3-88 
L!J PROM CARRIER 4S 04651E 

Figure C1-8- PROM in PROM Carrier . 

Using the removal tool, pictured in Figure Cl-9, 
grasp the carrier at the narrow ends. Gently rock the 
carrier from end to end while applying a firm upward 
force and remove the CALPAK and carrier. Use of 
unapproved CALPAK removal tools or methods will 
c.,luse damage t.o the CALPAK or CALP AK socket. 

E3 Install or Conned 
1. New PROM carrier in PROM socket. 
2. CALPAK in CALPAK socket. 

rn Important 
Small notch of carrier should be aligned with 

small notch in socket. Press on PROM carrier until it 
is firmly seated in the socket. Do not press on PROM; 
only the carrier. 
3. Access cover on ECM. 
4. ECM in passenger compartment. 
5. Connectors to ECM. 

Functional Check 

1. Turn ignition '"ON." 
2. Enter diagnostics (see Diagnostic Circuit Check 

for procedure). 
A. Code 12 should flash at least four times. (No 

other codes present). This indicates the PROM 
and CALPAK is installed properly. 

B. If Trouble Code 61 occurs or if the "Service 
Engine Soon" light is on constantly with no 
codes, the PROM is not fully seated, installed 
backwards, bas bent pins, or is defective; If 
Code 52 occurs, the CALPAK is not fully 
seated, installed backwards, has bent pins, or 
is defective. 
• If not fully seated, press firmly on PROM 

or CALPAK carrier. 
• If it is necessary to remove the PROM or 

CALPAK, follow instructions in steps "A" 
and "B". 

• If installed backwards, REPLACE THE 
PROM. The CALPAK may be removed 
and reinstalled correctly. 

,,- ' 
J. I 

,I,~ . I 
I , - I 

/ /"t ,.. ,' GRASP CALPAK 
'./ ,~ . ,'"" / CARRIER AT 
1 / ,1 

1
1 NARROW ENDS 

1 ONLY 
I 

I 

ITJCALPAK (]] REMOVAL TOOL 

5S 1526-6E 

Figure C1-9 • Removing CALPAK 

• If pins bend, remove PROM or CALPAK, 
straighten pins, and reinstall. If bent pins 
break or crack during straightening, 
discard PROM or CALP AK and replace it. 

rn Important 
Any time the PROM is installed backwards and the 
ignition switch turned .. ON," the PROM is destroyed. 

CALPAK see figure C1 .g or refer to step 3 of 
PROM and ECM replacement. 

COOLANT SENSOR 

NOTICE: Care must be taken when handling 
coolant sensor. Damage to coolant sensor 
will affect proper operation of the Fuel 
Injection system. 

E3 Remove or Disconnect 
1. Negative bat~ry cable 
2. Electrical connector. 
3. Carefully back out coolant sensor. 

E3 Install or Conned 
1. Sensor in engine. 
2. Electrical connect.or. 
3. Negative battery cable. 

MAFSENSOR 

Replacement of the MAF sensor is shown in 
Figure Cl-10. When replacing the MAF sensor, 
replace clamps with special screw type clamps 
(Service Part). 
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DJ MASS AIR FLOW SENSOR 
W AIR CLEANER 

8546n-6E 

Figure C1-10 - MAF Sensor Service 

BRAKE BOOSTER 

MULTI-USE 
RELAY 
BRACKET 

FORWARD LAMP 
HARNESS 

854678-6E 

Figure C1-11 • Relays 

MAF SENSOR POWER & BURN-OFF RELAY 

Refer to Figure Ct-ti for relay location. The MAF 
power relay is to the right of the radiator. 

OXYGEN SENSOR 

NOTICE: The oxygen sensor uses a permanently 
attached pigtail and connector. This 
pigtail should not be removed from the 
oxygen sensor. Damage or removal of the 
pigtail or connector could affect proper 
operation of the oxygen sensor. 

rn Important 
Take care when handling the oxygen sensor. The 

in-line electrical connector and louvered end must be 
kept free of grease, dirt or other contaminants. Also, 
avoid using cleaning solvents of any type. Do not drop 
or roughly handle the oxygen sensor. 

DJ r? SENSOR (]]EXHAUST CROSSOVER PIPE 

551783-6E 

Figure C1-12- 0 2 Sensor 

l+ .. I Remove or Disconnect 
· The oxygen sensor may be difficult to remove 

when engine temperature is below 48°C (120°F). 
Excessive force may damage threads in exhaust 

manitold or exhaust pipe. 
1. Negative battery cable. 
2. Electrical connector. 

The vehicle should be raised on hoist because th~ 
0 2 sensor is mounted behind the exhaust Y-pipe. 

3. Carefully back out Oxygen Sensor. 

E3 Install or Connect 

rn Important 
A special anti-seize compound is used on the 

oxygen sensor threads. The compound consists of a 
liquid graphite and glass beads. The graphite · will 
burn away, but the glass beads will remain, making 
the sensor easier to remove. 

New or service sensors will already have the 
compound applied to the threads. If a sensor is 
removed from an engine, and, if for any reason it is to 
be reinstalled, the threads must have anti-seize 
compound applied before reinstallation. 
1. Coat threads of oxygen sensor with anti-seize 

compound PIN 5613695 or equivalent if necessary. 
2. Sensor, and torque to 41 N·in (30 ft. lbs.). 
3. Electrical connector. 
4. Negative battery cable. 

Throttle Position Sensor {TPS) 

E3 Remove or Disconnect 
1 Electrical connector. 
2. Two TPS attaching screws and retainers. 
3. Sensor. 
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E3 ln~all or Connect 
1. With throttle valve in the normal closed idle 

position, install throttle position sensor-on throttle 
body assembly, making sure TPS pickup lever 
lines up with tang on thr.ottle actuator lever. (See 
Figure Cl-13) 

2. Retainers and two TPS screws. 
DO NOT tighten screws until TPS is adjusted. 

10 

20 

~ 
21 

10 THROTTLE BODY ASSEMBLY 

20 THROTTLE POSITION SENSOR (TPS) 

21 TPS ATTACHIN~ SCREW 

22 TPS RETAINER , 
551638-6E 

figure C1-13 • Throttle Position Sensor Service 

llJ Adjust 
1. · Install "Scan" tool and select TPS·.· 
2. With ignition "ON," acijust TPS to obtain; 

• . .55 volt ± 0.1 volt 
3. Tighten screws, then recheck reading to insure 

that acijustment has not changed. 

PARK/NEUTRAL SWITCH 

See Section "SA" for location of Park/Neutral 
Switch. On-Car Service and Adjustment Procedures 
are also listed there. 

PARTS INFORMATION 

PART NAME GROUP . 

Controller, ECM ••••••••••••••••••••• -3.670 
Calibrator, PROM (Mem-Cal) ••••••••••• 3.670 
Sensor, Coolant Temp ••••••••••••••••• 3.682 
Sensor, Exhaust Oxygen • • • • • • • • • • • • • • • 3.682 
Sensor, Manifold Air Temp (MAT) • • • • • • • • 3.682 
Sensor, Mass Air Flow (MAF). • • • • • • • • • • • 3.682 
Relay- MAF Burn-off. • • • • • • • • • • • • • • • • • 3.682 
Relay- MAF Power • • • • • • • • • • • • • • • • • • • 3.682 
Sensor, Throttle Position: Part of 

Sensor Kxt, Throttle Position • • • • • • • • • • 3.440 
Sensor, Vehicle Speed ••••••••••••••••• 3.682 
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PRESSURECYOJNGI~--, ---------, 
SWITCH 

TOECM · "--'..._ ___ ~INB8 

HIGH 
PRESS. 
CUTOU 
SW. 

GAGE 
K39 ~IGN 

L TBW 905 A2 AIC RELAY CONTROL 

959 DK GRN -----' 

AUTOMATIC 
TRANS. TCC 
SOLENOID 

SES LAMP 

DKGRN/YELW 

SERVICE ENGINE SOON 
AS LIGHT CONTROL 

CB •TH GEAR SIGNAL 

A7 A/T TCC CONTROL 

A3 CANISTER PURGE 
I• ■ • • • • • • ■ • • CONTROL 

IGN GRY 435 M EGR 12V CONTROL 

BRN436 a AIR CONTROL 
AIR DIVERT SOLENOID MANUALITRANS 

TO FAN 
CONTROL.,_ DK GRN/WHT 335 - D2 COOUNGFAN 

RELAY CONTROL 

as.a, 
7-29-87 7-20-t7 

CHART C-1 
ECM QDR CHECK 

2.BL (VIN S)· UF" CARLINE . (PORT) 
ECM Quad Driver (QDR) Check 

The ECM uses an integrated circuit (IC) called a 
quad driver (QDR) in place of separate transistors to 
turn "ON" or "OFF" different circuits controlled by 
the ECM. Each QDR has four separate outputs that 
can independently turn "ON" or "OFF" four different 
circuits. 

ECM service part number 1227302, used with this 
engine, does not have fault protection, therefore, a 
single faulty circuit many time causes all four QDR 
outputs to be inoperative or "ON" all the time. A 
failed QDR usually results in either a shorted or open 
ECM output. Because of the increased current flow, 
two QDR outputs are used to drive the TCC solenoid. 

Refer to the ECM QDR check procedure on the 
facing page. This check will _not test all ECM 
functions, but it will determine if a specific circuit has 
caused a specific QDR to fail in the ECM. ' 

A faulty circuit is the largest cause of a failed 
QDR, therefore, the check procedure should be used 
whenever ECM replacement is indicated, especially if 
the removed ECM exhibits characteristics of a 
damaged QDR such as: 

• SES light with no code stored. 
• Engine will not start and/or ECM will not 

flash Code 12. 
• Flickering, intermittent, or dim SES light. 
• · Output, such as TCC circuit, is inoperative or 

..ON" at all times. 
• Engine misfires, surges or stalls. 
• .. Scan., tool is erratic or inoperative. 
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CHARTC-1 
USE THIS CHECK PROCEDURE ONLY AFTER OTHER · ECM QDR CHECK 
DIAGNOSTIC CHARTS, IN THIS SERVICE MANUAL HAVE 2.SL (VIN S) "Fn CARLINE (PORT) DETERMINED THAT THERE WAS AN ECM FAILURE. 

• REMOVE THE ECM FROM THE vEHlaE. I 

• REFER TO LIST BELOW OF THE ECM TERMINALS WHICH 
ARE QDR OUTPUTS. 

• USING THE 100/200 KOHM SCALE ON DVM*, 
MEASURE RESISTANCE BETWEEN THE ECM CASE AND 
EACH ECM TERMINAL LISTED, BLACK {NEG.) LEAD TO 
CASE ANO RED (POS.) LEAD TO ECM TERMINAL 

• ALL TERMINALS LISTED SHOULD HAVE RESISTANCE OF 
SOK OHMS OR MORE. 

• DOTHEY7 

~ ~ 
THE PRIOR TEST HAS DETERMINED THAT A QDR IN THE • KEY• ON•, ENGINE NOT RUNNING. 
ECM HAS BEEN DAMAGED. IT IS MOST IMPORTANT TO • USE A FUSED AMMETER CAPABLE OF MEASURING 
LOCATE AND REPAIR THE ORCUIT OR COMPONENT THAT AT LEAST 2 AMPS (J-34029-A OR EQUIVALENT). 
CAUSED THE DAMAGE. FAILURE TO 00 SO Will RESULT • CONNECT ONELEAD OF THE AMMETER TO 

I IN ANOTHER FAILURE OF THE NEWLY REPLACED ECM. CHASSIS GROUND. 
ANY TERMINAL WITH LESS THAN SOK OHMS RESISTANCE • CONNECT THE REMAINING LEAD TO EACH VEHIO.E 
15 CONNECTED TO A OEFECTIVE QDR. THE ECM CIRCUIT WHICH WAS LISTED ABOVI:. 
TERMINAL WITH THE LOWEST RESISTANCE WAS • MEASURE SUSTAINED CURRENT FLOW THROUGH 
CONNECTED TO THE VEHIO.E ORCUIT MOST LIKELY TO EACH ORCUIT FOR 2 MINUTES EACH (IN MOST 
HAVE CAUSED THE QDR FAILURE. CASES, THE TCC SOLENOID CANNOT BE EASILY 

TESTED FOR CURRENT DRAW). 
I • NOTE AMPERAGE. 

• DISCONNECT THE COMPONENTIN THAT VEHlaE 
CIRCUIT AND CHECK FOR A-SHORT TO VOLTAGE. IF 
THE ORCUIT IS NOT SHORTED TO VOLTAGE, REPLACE 
THE COMl'ONENTIN THAT ORCUIT AND THE ECM. I 

IF A ORCUIT(S) HAS MORE IF NO ORCU"IT HAS 

ECM# 1227302 
THAN 0.75 AMPS CURRENT MO~E THAN 0.75 
DRAW. AMPS CURRENT 

ECM DRAW. 

QDR OUTPUT ORCUIT I 

NUMBER TERMINAL • CHECK FOR A SHORT TO • REPLACE ECM 

A2 A/C RELAY CONTROL 
VOLTAGE IN EXCESSIVE 
CURRENT DRAW ORCUIT. 

A4 EGRCONTROL • IF NO SHORT TO 
1 VOLTAGE, REPLACE 

AS SES LIGHT RELATED SOLENOID OR 
RELAY. 

A3 CANNISTER PURGE SOL 
2 

D2 COOLANT FAN RELAY 

SHIFT LIGHT MIT 
* USE DVM J-34029-A OR EQUIVALENT 

A7 
. . 

3 TCC CONTROL Alf 

. C2 AIR DIVERT SOLENOID 

7-14-87 
8S-4681-6E 
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PARK/NEUTRAL 
SWITCH 

N p Re 

11P CONNECTOR 
(15-WAY) r, 

"'9'<◄.----- N I I 
I I 
I I 

11P HARNESS COHNECTOR 
15 WAY (FRONT VIEW) 

43'0RNIBLK 

l'Kf'------ M ,_..._.. ___ ,so BLICIWHT ...,_ __ ___. 

ORCUITTO 
GROUND IN PARK 

AND NEUTRAL 
7-15-87 

Circuit Description: 

LJ 

CHARTC-1A 
PARK/NEUTRAL SWITCH 

2.SL {VIN S) .F,. CARLINE (PORT) 

ECM 

P/NSIGNAL 

12V 

S-21-88 
'5075'-iE 

The Park/Neutral Switch contacts are a part of the Neutral Start switch, and are closed t.o ground in park or 
neutral and open in drive ranges. 

The ECM supplies ignition voltage, through a current limiting resistor, to CKT 434 and senses a closed 
switch, when the voltage on CKT 434 drops t.o less than one volt. 

The ECM uses the PIN signal as one of the inputs t.o control: 
Idle Air Control 
VSS Diagnostics 
EGR 

If CKT 434 indicates PIN (grounded), while in drive range, the EGR would be inoperative, resulting in_ 
possible detonation. 

If CKT 434 always indicates drive (ooen). a drop in the idle may exist when the gear selector is moved int.o 
drive range. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Checks for a closed switch to ground in park 

position. Different m(lkes of .. Scan" tools will read 
PIN differently. Refer t.o operat.or's manual for 
type of display used for a specific t.ool. 

2. Checks for an open switch in drive range. 
3. Be sure .. Scan" indicates drive, even while 

wiggling shifter to test for an intermittent or 
misadjusted switch in drive range. 
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0 • WITH TRANSAXLE/TRANSMISSION IN PARK, •sCAN. 
TOOL SHOULD INDICATE PARK OR NEUTRAL 
DOES IT7 

CHARTC-1A 
PARK/NEUTRAL SWITCH 

2.SL {VIN S) UF" CARLINE (PORT). 

• SHIFT TRANSAXLE/TRANSMISSION INTO DRIVE. 0 • DISCONNECT PARK/NEUTRAL SWITCH CONNECTOR. 
• •SCAN• TOOL SHOULD DISPLA V A CHANGE TO 

INDICATE DRIVE. 
DOESln 

• DISCONNECT PIN SWITCH. 
• THIS SHOULD CAUSE 

•sCAN• TOOL TO DISPLAY 
DRIVE RANGE. 
DOESITT 

FA0LTY PIN SWITCH CONNECTION. 
OR 
P/N SWITCH MISADJUSTED 
OR ; 
FAULTY. 

NO TROUBLE 
FOUND. PIN 
ORCUITOK. 

CKT 434 SHORTED 
TO GROUND 
OR 
FAULTYECM. 

• JUMPER HARNESS CONNECTOR TERMINALS •A• AND 
•r (CKT 434 TO 450). 

• •sCAN• TOOL SHOULD INDICATE PARK OR NEUTRAL 
DOESIT? 

• JUMPER HARNESS CONNECTOR 
TERMINAL• A• (CKT 434) TO 
ENGINE GROUND. 

• •sCAN. TOOLSHOULD INDICATE 
PARK OR NEUTRAL 
DOES IT? 

FAULTY PIN SWITCH 
CONNECTION 
OR 
PIN SWITCH MISADJUSTED 
OR 
FAULTY. 

CKT4340PEN 
OR 
FAULTY ECM CONNECTION 
OR 
ECM. 

12-2-87 
7S3161-6E 
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7-15-87 

POWER STEERING 
PRESSURE SWITCH 

---------901GRY 

~~ 

CLOSES WITH HIGH 
PRESSURE 

450 
BlK/WHT 

A 
ENGINE GROUND 

CHART·C-1E 
POWER STEERING PRESSURE SWITCH 

2.SL (VIN·_S) UF" CARLINE (PORT) 
Circuit Description: 

E 

12VOLTS 

PIS PRESSURE 
SIGNAL 

7-14-87 
5S201WE 

The power steering pressure switch is normally open to ground, and CKT 901 will be near the battery 
voltage. 

Turning the steering wheel increases power steering oil pressure and its load on an idling engine. The 
pressure switch will close befol;.e the load can cause an idle problem. 

Closing the switch causes CKT 901 to read less than 1 volt. The ECM will increase the idle air rate and 
disengage the AJC relay. · 

• A pressure switch that will not close, or an open CKT 901 or 450, may cause the engine to stop when 
power steering loads are high. 

• A switch that will not open, or a CKT 901 shorted to ground, may affect idle quality and will cause the 
AJC relay to be de-energized. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Different makes of "Scan" tools may display the 

state of this switch in different ways. Ref er to 
"Scan" tool operator's manual to determine how 
this input is indicated. 

2. Checks to determine if CKT 901 is shorted to 
ground. 

3. This should simulate a closed switch. 
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CHARTC-1E 
POWER STEERING PRESSURE SWITCH 

2.BL (VIN S) •F" CARLINE (PORT) 

0 • WITH ENGINE IDLING "SCAN" SHOULD DISPLAY PSPS TO BE •oFF"". 

DOESIT7 

• TURN STEERING WHEEL AGAINST STOP. 

• ·sCAN" SHOULD DISPLAY ·oN·. 
DOESm 

© • DISCONNECT PSPS 
----------' HARNESS CONNECTOR. 

• JUMPER HARNESS 

TERMINALS TOGETHER. 

• "SCAN" SHOULD 

DISPLAY "ON•. 

DOESITT 

FAULTY CONNECTION 

OR SWITCH. 

0 • DISCONNECT PSPS. 

• "SCAN• SHOULD INDICATE "OFF". 

DOESIT7 

FAULTY SWITCH. CKT 901 SHORTED TO 

GROUND OR FAUL TY ECM. 

• JUMPER HARNESS CKT 901 TO 

CHASSIS GROUND. 

• •sCAN" SHOULD DISPLAY "ON". 

DOESIT7 

FAULTY GROUND 

CKT 450. 

CKT 901 OPEN OR 

FAULTYECM. 

CLEAR CODES ANO CONFIRM ""CLOSED LOOP" OPERATION AND NO ·sERVICE ENGINE SOON" LIGHT. 

8-25-87 

* 75 3163 
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BLANK 
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SECTION C1 
ELECTRONIC CONTROL MODULE (ECM) AND SENSORS 

CONTENTS 

GENERAL DESCRIPTION •••••••••••••••• Ct-1 
ELECTRONIC CONTROL MODULE ••••••• Ct-1 
MEM-CAL ••••••••••••••••••••••••• C1-1 
ECM Function...................... Ct-1 
INFORMATION SENSORS •••••••• ~... • C1~2 

Coolant Temperature Sensor • • • • • • • • Ct-2 
MAF Sensor ~ • • • • • • • • • • • • • • • • • • • • C1 ·2 
MAT Sensor • • • • • • • • • • • • • • • • • • • • C1-2 
Oxygen (02) Sensor..... • • • • • • • • • • • Ct-3 
Throttle Position Sensor (TPS) • • • • • • • C1-3 • 
Knock Sensor ••••••••••• -• • • • • • • • • C1 -4 
Vehicle Speed Sensor • • • • • • • • • • • • • • C1 •4 
Park/Neutral Switch (Auto Only) • • • • • • C1-4 
A/C Request Signal • • • • • • • • • • • • • • • • C1-4 
Distributor Reference Signal • • • • • • • • • C1-4 

DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • • C1-4 
ECM • • • • • • • • • • • • • • • • • • • • • • • • • • • • • C1•4 
M EM-CAL. • • • • • • • • • • • • • • • • • • • • • • • • C1-5 
ECMINPUTS ••••••••• : ••••••••••••• C1-5 

Coolant Temperature Sensor •••••••• Ct-5 

GENERAL DESCRIPTION 

ELECTRONIC CONTROL MODULE (ECM) 

The Electronic Control Module (ECM) (Figure Cl-
1), is the control center of the fuel injection system. It 
constantly looks at the information from various 
sensors, and controls the systems that affect vehicle 
performance. The ECM performs the diagnostic 
function check of the system. 

[!] ACCESS COVER 2 MEM/CAL 

4-1-85 *6S 2548-6E 

Figure C1-1 • Electronic Control Module (ECM) 

MAF Sensor • • • • • • • • • • • • • • • • • • • • • C1-5 
MAT Sensor • • • • • • • • • • • • • • • • • • • • • Ct-5 
Oxygen (02) Sensor ••••••••••••••• C1-5 
Throttle Position Sensor (TPS) ••••••• C1-5 
Vehicle Speed Sensor (VSS) •••••••••• C1-5 
Park/Neutral Switch • • • • • • • • • • • • • • • Ct-5 
A/C Request Signal • • • • • • • • • • • • • • • • Ct-5 
Distributor Reference Signal •••••••• Ct-5 
Knock Signal • • • • • • • • • • • • • • • • • • • • Ct-6 

ON-CAR SERVICE • • • • • • • • • • • • • • • • • • • • • C1-6 
ELECTRONIC CONTROL MODULE (ECM) ••• Ct-6 
ECM or MEM-CAL REPLACEMENT ••••••• q-6 

Functional Check ••••••••••••••••• Ct-7 
COOLANT TEMPERATURE SENSOR (CTS) •• Ct-7 
MAF SENSOR •••••••••••••••••••••• Ct-7 
MAF SENSOR POWER & BU RN-OFF RELAY • Ct· 7 
OXYGEN SENSOR • • • • • • • • • • • • • • • • • • C1-8 
THROTTLE POSITION SENSOR (TPS) ••••• Ct-8 
PARK/NEUTRAL SWITCH ••••••••••••• C1-9 

PARTS INFORMATION ••••••••••••••••• Ct-9 

It can recognize operational problems, alert the driver 
through the "Service Engine Soon" light, and store a 
code or codes which identify the problem areas to aid 
the technician in making repairs. See Section "6En 
for more information on using the diagnostic function 
oftheECM. 

For service, this ECM only consists of two parts: a 
controller (the ECM without a Mem-Cal) and an 
assembly called a Mem-Cal. (This stands for "Memory 
and Calibration" Unit). 

MEM-CAL 

This assembly contains both the functions of the 
PROM and CalPak. Like the PROM, it contains the 
calibrations needed for a specific vehicle as well as the 
back-up fuel control circuitry required if the rest of the 
ECM becomes damaged or faulty. 

ECM Function 

The ECM supplies a buffered 5 or 12 volts to power 
various sensors or switches. This is done through 
resistances in the ECM which are so high in value 
that a test light will not light when connected to the 
circuit. In some cases, even an ordinary shop 
voltmeter will not give an accurate reading because 
its resistance is too low. Therefore, the use of a 10 
megohm input impedance digital voltmeter is 
required to assure accurate voltage readings. 
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The ECM controls output circuits such as the 
injector, IAC, cooling fan relay, etc. by controlling the 
ground circuit through transistors in the ECM. 

INFORMATION SENSORS 

Coolant Temperature Sensor (Figure C1-2) 

The Coolant Temperature Sensor (CTS) (Figure Cl-
4) is a thermistor (a resistor which changes value 
based on temperature) mounted in the engine coolant 
stream. Low coolant temperature produces a high 
resistance (100,000 ohms at -40°C/-40°F), while high 
temperature causes low resistance (70 ohms at 
130°C/266"F). 

The ECM supplies a 5 volt signal to the CTS 
through a resistor in the ECM and measures the 
voltage. The voltage will be high when the engine is 
cold, and low when the engine is hot. By measuring 
the voltage, the ECM can determine engine coolant 
temperature. Engine coolant temperature affects 
most systems the ECM controls. 

A failure in the CTS circuit should set either a 
Code 14 or Code 15. Remember, these codes indicate a 
failure in the coolant temperature sensor circuit, so 
proper use of the chart will 1ead to either repairing a 
wiring problem or replacing the sensor, to properly 
repair a problem. 

1 ENGINE COOLANT TEMPERATURE SENSOR 

2 HARNESS CONNECTOR TO ECM 

4-2-85 3 LOCKING TAI •55 164MEA 

Figure C1-2 • Engine Coolant Temperature Sensor 

Mass Air Flow (MAF) Sensor (Figure C1-3) 

The Mass Air Flow (MAF) sensor (Figure Cl-3) 
measures the amount of air which passes through it. 
The ECM uses this information to determine the 
operating condition of the engine, to control fuel 
delivery. A large quantity of air indicates 
acceleration, while a small quantity indicates 
deceleration or idle. 

The MAF sensor used in this vehicle is of the hot 
wire type. Current is supplied to the sensing wire to 
maintain a calibrated temperature, and as air flow 
increases or decreases the current will vary. 

This varying of current causes a voltage drop within 
the meter -circuitry which is directly proportional to 
air mass. The ECM supplies a current limiting 5 volt 
source on the signal line, and the MAF sensor pulls 
the voltage low (about.4V) with low air flow and up to 
about 5 volts with high air flow such as W<Yr. The 
voltage drop is then processed by the ECM for 
calculating fuel delivery. If the sensor £ails, a Code 33 
or 34 should be stored in memory. 
_ Due to the sensor's hot wire being exposed to air, 

which always contains some contaminants, there can 
be deposits form on the sensing _wire. This can affect 
the accuracy 0£ the meters measurement. To keep the 
system functioning properly, the wire is heated to 
about 1000°F after engine shut down. This burn-off 
cycle is controlled by the ECM, which energizes the 
burn-off relay. The ECM will ground the relay 
win,ding after engine shut down, if the engine had 
been running a specified amount of time. With the 
relay energized, the ECM then monitors the MAF 
signal line to determine if the burn-off function took 
place. Ifit didn't, then a Code 36 will be stored and the 
"Service Engine Soon" light will come "ON" the next 
time the engine is started. 

DJ MASS AIR FLOW SENSOR 

CT] AIR CLEANER ASSEMBLY 551606-6E 

Figure C1-3 - Mass Air Flow (MAF) Sensor 

Manifold Air Temperature {MAT) Sensor 

The Manifold Air Temperature (MAT) sensor. 
(Figure Cl-4) is a thermistor (a resistor which changes, 
value based on temperature) mounted in the plenum. 
Low temperature produces a high resistance (100,000 
ohms at -40°C/-40°F) while high temperature causes 
low resistance (70 ohms at 130°C/266°F). The ECM 
supplies a 5 volt signal to the MAT sensor through a 
resistor in the ECM and measures the voltage. The 
voltage will be high when the intake manifold air is 
cold, and low when the intake manifold air is hot. 
measuring the voltage, the ECM knows the intake 
manifold air temperature. 
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The MAT sensor signal is used by the ECM to 
delay EGR until the manifold air temperature reaches 
about 5°C (40°F). 

A Cailure in the MAT sensor circuit should set 
either a Code 23 or Code 25. 

[TI MAT SENSOR (TYPICAL) 

7S3263-6E 

Figure C1--4 - MAT Sensor - Typical 

@] EXHAUST OXYGEN (02) 
SENSOR 

10-2-86 
* 450078-6E 

Figure C1-5- _Oxygen (Oi) Sensor 

Oxygen (02) Sensor (Figure C1-4) 

The oxygen (02) sensor is mounted in the exhaust 
system, where it can monitor the oxygen content of the 
exhaust gas stream. The oxygen content in the 
exhaust reacts with the oxygen ((½) sensor to produce 
a voltage output. This voltage ranges from 
approximately .1 volt (high 02 - lean mixture) to .9 
volt (low 02 - rich mixture). This voltage can be 
measured ~th a digital voltmeter having at least 10 
megohms input impedance. Use or standard shop type 
voltmeters will result in very inaccurate readings. 

By monitoring the voltage output of the oxygen 
((½) sensor, the ECM will know what fuel mixture · 
command to give to the injector Clean mixture-low 02 

voltage= rich command, rich mixture-high 0 2 
voltage= lean command). 

An open oxygen(~) sensor should set a: Code 13. 
A low voltage in the oxygen ((h) sensor circuit should 
set a Code 44. A high voltage in the oxygen sensor 
circuit should set a Code 45. Codes 44 and 45 could 
also be set as a result of fuel system problems. See 
Code Charts. 

Throttle Position Sensor (TPS) (Figure C1-5) 

The Throttle Position Sensor (TPS) is connected to 
the throttle shaft on the throttle body (see Figure Cl-
5). It is a potentiometer with one end connected to 5 
volts from the ECM and the other to ECM ground. A 
third wire is connected to the ECM to measure the 
voltage from the TPS. As the throttle valve angle is 
changed (accelerator pedal moved), the output of the 
TPS also changes. At a closed throttle position, the 
output of the TPS is low (approximately .5 volt). As 
the throttle valve opens, the output increases so that, 
at wide-open throttle, the output voltage should be 
approximately 5 volts. 

By monitoring the output voltage from the TPS, 
the ECM can determine fuel delivery based on throttle 
valve angle (driver demand). If the TPS circuit is 
open, the ECM will set a trouble Code 22. If the TPS 
circuit is shorted, the ECM will think the vehicle is at 
WOT, and a tro~ble Code 21 will be set. A broken or 
loose TPS can cause intermittent bursts of fuel Crom 
the injector and an unstable idle, because the ECM 
thinks the throttle is moving. A problem in any of the 
TPS circuits will set either a Code 21 or 22. Once a 
trouble code is set, the ECM will use an artificial 
default value for TPS, and some vehicle performance 
will return. 

See "On-Car Service" for replacement or 
adjustment of TPS. 

IJI] THROTTLE BODY ASSEMBLY 

(ID THROTTLE POSITION SENSOR {TPS) 

[IT! TPS ATTACHING SCREW 

l]n TPS RETAINER 
55163B-6E 

Figure C1-6 • Throttle Position Sensor 
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Knock Sensor 

The knock sensor is mounted in the engine block. 
When abnormal engine vibrations (spark knock) are 
present, the sensor-produces a voltage signal, which is 
sent to the ESC module. 

See Section "C5" for further information on the 
Electronic Spark Control (ESC) system. 

Vehicle Speed Sensor 

The Vehicle Speed Sensor (VSS), sends a pulsing 
voltage signal to the ECM, which the ECM converts to 
miles per hour. This sensor mainly controls the 
operation of the TCC system. See Code 24 or Section 
.. CS" for more information. 

Park/Neutral Switch (Auto Only) 

The Park/Neutral (PIN) switch indicates to the 
ECM when the transmission is in park or neutral. 
This information is used for the TCC and the IAC 
valve operation. 

m Important 
Vehicle should not be driven with park/neutral 

switch disconnected, as idle quality will be affected 
and a possible false Code 24 (VSS) may be set. 

See Section "SA" for more information on the PIN 
switch, which is part of the neutraVstart and backup 
light switch assembly. 

A/C Request Signal 

This signal tells the ECM that the A/C selector 
switch is turned "ON", and that the pressure cycling 
switch is closed. The ECM uses this information to 
acljust the idle speed when the air conditioning is 
working. 

If this signal is not available to the ECM, idle may 
be rough, especially when the A/C compressor cycles. 
The voltage at ECM terminal "BS" should equal 
battery voltage on a C60 system and about 5 volts on a 
C68 option, when A/C is requested and the pressure 
cycling switch is closed. 

Distributor Reference Signal 

The distributor sends a signal to the ECM to tell it 
both- .engine rpm and crankshaft position. See 
"Ignition System/EST" Section "C4" for further 
information. 

DIAGNOSIS 
ECM 

To read the codes, use a "Scan" tool or ground the 
diagnostic "test" terminal with the engine not 
running and the ignition "ON". The "Service Engine 
Soon" light will flash Code 12 three times and then 

flash each code stored in memory three times. All 
codes stored in memory would have been read when 
Code 12 was flashed again. No new codes can be 
stored when in the diagnostics mode (diagnostics lead 
grounded). This eliminates confusion while the 
system is being worked on. 
To clear the codes from memory: 

• Ignition "OFF". 
• Disconnect battery pigtail, located near the 

battery, for 30 seconds. 
Since the ECM can have a failure which may 

affect only one circuit, fol.lowing the diagnostic 
procedures in this section will determine which circuit 
has a problem and where it is. 

If a diagnostic chart indicates that the ECM 
connections or ECM is the cause of a problem,and the 
ECM is replaced, but does not correct the problem, one 
of the following may be the reason: 
• There is a problem with the ECM terminal 

connections. - The diagnostic chart will say ECM 
connections or ECM. The terminals may have to 
be removed from the connector in order to check 
them properly. 

• The ECM, or Mem-Cal is not correct for the 
application. -The incorrect components may cause 
a malfunction and may or may not set a code. 

• The problem is intermittent. - This means that the 
problem is not present at the time the system is 
being checked.In this case, refer to the 
"Symptoms" portion of the manual and make a 
careful physical inspection of all portions of the 
system involved. 

• Shorted solenoid, relay coil, or harness. - Solenoids 
and relays are turned "ON" and "OFF" by the 
ECM, using internal electronic switches called 
"Drivers". 
A shorted solenoid, relay coil, or harness will 
not damage the ECM, but will cause the 
circuit and controlled component to be 
inoperative. When the circuit fault is not 
present or has been repaired, the "Quad
Driver" will again operate in a normal 
manner due to it's fault protected design. If a 
fault has been repaired in a circuit controlled 
by a "Quad-Driver", the originaJ ECM should 
be reinstalled and the circuit checked for 
proper operadon. ECM replacement will not 
be necessary if the repaired circuit or 
component now operates correctly. 
J34636 or BT 8405 testers or equivalent provide a 
fast, accurate means of checking for a shorted coil 
or a short to battery voltage. 

• The Mem-Cal may be faulty. - Although· these 
rarely fail, it operates as part of the ECM. 
Therefore, it could be the cause of the problem 
Substitute a known good Mem-Cal. 

• The replacement ECM may be faulty - After the 
ECM is replaced, the system should be rechecked 
for proper operation. If the diagnostic chart again 
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indicates the ECM is the problem, substitute a 
known good ECM. Although this is a rare 
condition, it could happen. 

·_ECM 

A faulty ECM will be determined in the diagnostic 
charts or by a Code 55. 

MEM-CAL 

An incorrect or faulty Mem-Cal, which is part of 
the ECM, may set a Code 41 or 52. Also, be sure Mem
Cal is fully seated and latched in the socket. 

ECM INPUTS 

All of the sensors and input switches can be 
diagnosed by the use of a "Scan" tool. Following is a 
short description of how the sensors and switches can 
be diagnosed by the use of a "Scan" tool. The "Scan" 
can also be used to compare the values for a normal 
running engine with the engine you're diagnosing. 

Coolant Temperature Sensor (CTS) 

A "Scan" tool displays engine temperature in 
degrees centigrade. After engine is started, the 
temperature should rise steadily to about 90°C (194°F) 
then stabilize · when thermostat opens. If the engine 
has not been run for several hours (overnight), the 
CTS and MAT temperature readings should be close to 
each other. A fault in the coolant sensor circuit should 
set a Code 14 or 15. The code charts also contain a 
chart to check for sensor resistance values relative to 
temperature. 

Mass Air Flow(MAF) Sensor 

A "Scan" tool reads the MAF value and displays it 
in grams per second and should read between 4-7 on a 
fully warmed up idling engine. Values should change 
rather quickly on a(:celeration, but values should 
remain fairly stable at any given rpm. Most "Scan" 
tools will have 2 positions for reading MAF sensor 
values (MAF & air flow). Both values should read the 
same if no Code 33 or 34 is set, but if a code is set, the 
MAF values will be the default value and the air flow 
parameter will lock on the value at which the ECM 
recognized the fault. A failure in the MAF sensor or 
circuit should set a Code 33 or 34. 

Manifold Air Temperature {MAT) Sensor 

A .. Scan" tool displays temperature of the air 
entering the engine and should read close to ambient 
air temperature when engine is cold, and rise as 

underhood temperature increases. If the engine has 
not been run for several hours (overnight) the MAT 
sensor temperature and CTS temperature readings 
should be read close to each other. A failure in the 
MAT sensor circuit should set a Code 23 or 25. The 
code charts also contain a chart to check for sensor 
resistance values relative to temperature. 

Oxygen (Oi)Sensor 

The "Scan" tool has several positions that will 
indicate the state of the exhaust gases, oxygen sensor 
voltage, integrator, and block learn. See "Scann 
position information in introduction, Section "6E". 

A problem in the oxygen sensor circuit or fuel 
system should set a Code 13 (open circuit), Code 44 
(lean indication), Code 45 (rich indication). Refer to 
applicable chart if any of these codes were stored in 
memory. 

Throttle Position Sensor (TPS) 

A "Scan" tool displays throttle position in volts. 
The value should read .54 volt ± .08 (.46-.62 volt), 
with throttle closed and ignition "ON", or at 
idle. Voltage should increase at a steady rate as 
throttle is moved toward WOT (about 4.6 volts). 

The ECM has the ability to Auto-Zero the TPS 
voltage ifit is below about .7 volt (700 mV). This 
means that any voltage less than .7 volt will be 
determined by the ECM to be 0% throttle. A failure in 
the TPS or circuit should set a Code 21 or 22. 

Vehicle Speed Signal (VSS) 

A "Scan" tools reading should closely match with 
speedometer reading with drive wheels turning. A 
f1µlure in the VSS circuit should set a Code 24. 

Park/Neutral Switch 

A "Scan" tool should read "PIN" when in park or 
neutral and "R.D.L." when in Drive. This reading 
may vary with different makes of tools. Refer to 
CHART C-lA for park/neutral switch diagnosis. 

A/C Request Signal 

''Scan" tool should indicate A/C "ON", when A/C is 
requested and the pressure cycling switch is closed. 

Distributor Reference Signal 

A "Scan" tool will read this signal and is displayed 
in rpm. See Section "C4" for more in£'ormation on the 
Ignition/EST system. 
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Knock Sign-al 

A "Scann tool will indicate when the ESC module 
signals the ECM that knock is present. See Section 
"C5" for further information on the ESC System. 

ON-CAR SERVICE 

ELECTRONIC CONTROL MODULE {ECM} 

Service of the ECM should, normally, consist of 
either replacement of the ECM or a Mem-Cal change. 

Cf the diagnostic procedures call for the ECM to be 
replaced, the engine calibrat.or (Mem-Cal) and ECM 
should be checked first to see if they are the correct 
parts. If ·they are, remove the Mem-Cal from the 
faulty ECM and install it in the new service ECM. 
THE SERVICE ECM WILL NOT CONTAIN A MEM
CAL. Trouble Code 51 indicates the Mem-Cal is 
installed improperly or has malfunctioned. When 
Code 51 is obtained, check the Mem-Cal installation 
for bent pins or pins not fully seated in the socket. If 
it is installed correctly and Code 51 still shows, 
replace the Mem-Cal. 

[I] Important 
When replacing the production ECM with a 
service ECM (controller), it is important to 
transfer the broadcast code and production ECM 
number to the service ECM label.Please do not 
record on ECM cover. This will allow positive 
identification of ECM parts throughout the service 
life of the vehicle. 

[I] Important 
To prevent internal ECM damage, the ignition 
must be. "OFF", when disconnecting or 
reconnecting power to ECM (for example, battery 
cable, ECM pigtail, ECM fuse,jumper cables, etc.). 

ECM OR MEM-CAL REPLACEMENT 
{Figure C1-7} 

f++I Remove or Disconnect 
1. Negative battery cable. 
2. Right hand hush panel. 
3. Connectors from ECM. 
4. ECM mounting hardware. 
5. ECM from passenger compartment. 
6. ECM access cover. (Figure Cl-1). 
7. Mem-Cal removal. (Figure Cl-8). 

[I] Important 
Replacement ECM is supplied without a Mem-Cal, 
so care should be used when removing it from the 
defective ECM because it will be reused in the new 
ECM. 

INSTRUMENT PANEL 

DJ MODULE ASM ECM (PFll 
W BRACK.ET 
W BOLT/SCREW (41 
W BOLT/SCREW (2) 4.7-7.0 N;m (3.3-5.1 LBS. FT.I 

W BOLT/SCREW RETAINER (21 
W NUT (414.7-7.0 N•m (3.3-5.1 LBS. FT.) 

W SPACER 
III COVER ECM 

Figure C1•7 • ECM LOCATION 

*8S4667-6£ 

*6S2544-6E 

Figure C1 •B • Mem/Cal Unit Socket 

NOTICE: To prevent possible Electrostatic 
Discharge damage to the PROM, Cal-Pak, 
or Mem-Cal, Do Not touch the component 
leads, and Do Not remove integrated 
circuit from carrier. 

Using two fingers, push both retaining clips back 
away from the Mem-Cal. At the same time, grasp it at 
both ends and lift it up out of the socket. Do not 1 

remove the cover of the Mem-Cal. Use of unapproved 
Mem-Cal ren1oval meth~ds may cause damage to the 
Mem-Cal or socket. 
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IL•I Inspect 
For alignment notches of the Mem-Cal and 
carefully set it aside._ . Do not open ·the Mem-Cal. 

If ECM IS BEING REPLACED: 

NOTICE: To prevent possible Electrostatic 
Discharge damage to the ECM, Do Not 
touch the connector pins or soldered 
components on the circuit board. 

a Remove or Disconnect 
l. New ECM from its packaging and check the 

service number to make sure it is the same as the 
defective ECM. 

2. Access Cover. 

NOTICE: To prevent possible Electrostatic 
Discharge damage to the PROM, Cal-Pak, 
or Mem-Cal, Do Not touch the component 
leads, and Do Not remove integrated 
circuit from carrier. 

E3 Install or Connect (Figure C1-9} 
l. Mem-Cal in Mem-Cal socket. 

rn Important 

Press only on the ends of the Mem-Cal. 
Small notches in the Mem-Cal must be aligned 
with the small notches in the Mem-Cal socket. 
Press on the ends of the Mem-Cal until the 
retaining clips snap into the ends of the Mem-Cal. 
Do not press on the middle of the Mem-Cal, only 
on the ends. 

2. Access cover on ECM. 
3. ECM in passenger compartment. 
4. ECM mounting hardware. 
5. Connectors to ECM. 
6.. Right hand hush panel. 
7. Negative battery cable. 

Functional Check 

l. Turn ignition "ON". 
2. Enter diagnostics. 

A. Allow Code 12 to flash four times to verify no 
other codes are present. 
This indicates the Mem-Cal is installed 
properly and the ECM is functioning. 

B. If trouble Code 51 occurs, or if the "Service 
Engine Soon" light is "ON" constantly with no 
codes, the Mem-Cal is not fully seated or is 
defective. 

PUSH 

3-20-85 *6S25'5-6E 

Figure C1-9 • Mem/cal Unit Installation 

• If not fully seated, press rinnly on the ends 
of the Mem•Cal. 

• If it is necessary to remove the Mem-Cal, 
follow the previous removal instructions. 

COOLANT TEMPERA TUR-E SENSOR (CTS) 

NOTICE: Care must be taken when handling 
coolant temperature sensor. Damage to 
.coolant temperature sensor will affect 
proper operation of the fuel injection 
system. 

l+-+I Remove or Disconnect 
1. Negative battery cable. 
2. Air inlet duct. 
3. Electrical connector. 
4. Carefully back out coolant temperature sensor. 

E3 Install or Connect 
1. Coolant temperature sensor in engine. 
2. Electrical c~mnector. 
3. Air inlet tube. · 
4. Negative battery cable. 

MASS AIR FLOW (MAF) SENSOR 

Replacement of the MAF sensor is shown in 
Figure Cl-10. 

MASS AIR FLOW (MAF) SENSOR POWER & 
BURN-OFF RELAY 

Refer to Figure Cl-11 for relay location. 
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MAFSENSOR 
,SEAL · 

AIR CLEANER ASM. 

HOSE CLAMPS 

COOLANT TEMP SENSOR 

ri~~~AL TIME 551831-6E 

Figure C1-10- MAF Sensor Service 

. ~..J tiJ ENGINE HARNESS 
~ ASM 

955419-6E 

Figure C1·11 Relays 

OXYGEN (Oi) SENSOR (Figure C1-12) 

NOTICE: The oxygen sensor uses a permanently 
. attached pigtail and connector. This 
pigtail should not be removed from the 
oxygen sensor. Damage or removal of the 
pigtail or connector could affect proper 
operation of the oxygen sensor. 

[1] Important . 
Take care when handling the oxygen sensor 
(Figure Cl-12). The in-line electrical connector 
and louvered end must be kept free Gf grease, dirt, 
or other contaminants .. Also, avoid using cleaning 
solvents of any type. Do not drop or roughly 
handle the oxygen sensor. 

_,- ~ 

\ 
I 

INE/E.C.M. r n I 
HARNESS UJ 

[I] OXYGEN SENSOR 38-46 N·m (28-33 LBS. FT.) 
W GASKET 

Figure C1·12 • Oxygen Sensor 

E3 Remove or Disconnect 

854688-6E 

The oxygen sensor may be difficult to remove 
when engine temperature is below 48°C (120°F). 
Excessiv.e force may damage threads in exhaust 
manifold or exhaust pipe. 
1. Negative battery cable. 
2. Electrical connector. 
3. Carefully back out oxygen sensor. 

a Install or Connect 

(I] Important 
A special anti-seize compound is used on the 
oxygen (02) sensor threads. The compound 
consists of a liquid graphite and glass beads. The 
graphite will burn away, but the glass beads will 
remain, making the sensor easier to remove. 
New, or service, oxygen (02} sensors will already 
have the compound applied to the threads. If a 
sensor is removed from an engine, and, if for any 
reason it is to be reinstalled, the threads must 
have anti-seize compound applied before 
reinstallation. 

1. Coat threads of oxygen sensor with anti-seize 
compound PIN 5613695, or equivalent, if 
necessary. 

2. Oxygen sensor, and torque to 41 N•m (30 lb. ft.). 
3. Electrical connector. 
4. Negative battery cable. 

THROTTLE POSITION SENSOR (TPS) 

(+•I Remove or Disconnect 
1 Electrical connector. 
2. Two TPS attaching screws, lockwashers and 

retainers. 
3. Throttle position sensor. 
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l}fil THROffiE BODY ASSEMBLY 

~ THROTTLE POSmON SENSOR (TPS) 

ill] TPS ATTACHING SCREW 

IB] TPS RETAINER 
55 1638-6E 

Figure C1-U-ThrottJe Position Sensor Service 

E3 Install or Connect 
1. With throttle valve in the normal closed idle 

position, install throttle position sensor on throttle 
body assembly, making sure TPS pickup lever 
lines up with tang on throttle actuator lever. (See 
Figure Cl-13) 

2. Retainers and two TPS attaching screws. DO 
NOT tighten screws until TPS is adjusted. 

~ Adjust 
1. Install .. Scan" tool or 3 jumper wires. 
2. With ignition "ON", adjust TPS to obtain .54 volts 

± .08 volts. 

l~I Tighten 
TPS attaching screws to 2.0 N•m (18 in. lb.) then 
recheck reading to insure adjustment ha:s not 
changed. . 

PARK/NEUTRAL SWITCH 

See Section "SA" for location of park/neutral 
switch. On-car service and adjustment procedures are 
also listed there. 

PARTS INFORMATION 

PART NAME GROUP 

Controller, ECM • • • • • • • • • • • • • • • • • • • • • 3.670 
Memory Calibration Unit, Mem/Cal • • • • • • • 3.670 
Sensor, Coolant Temp ••••••••••••••••• "3.682 
Sensor, Exhaust Oxygen • • • • • • • • • • • • • • • 3.682 
Sensor, Mani£ Air Temp (MAT) • • • • • • • • • • • 3.682 
Sensor, Mass Air Flow (MAF)............ 3.682 
Relay- MAF Burn-Off • • • • • • • • • • • • • • • • • 3.682 
Relay- MAF Power • • • • • • • • • • • • • • • • • • • 3.682 
Sensor, Throttle Position: Part of 
Sensor Kit, Throttle Position • • • • • • • • • • • • 3.440 
Sensor, Vehicle Speed • • • • • • • • • • • • • • • • • 3.682 
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PARK/NEUTRAL 
SWITCH 

ORCUITTO 
GROUND IN PARK 

AND NEUTRAL 

7-30-87 

1/P CONNECTOR 
(1S-WAY) 

Ql I[) ID IMI wl CeJ [al 

Ill ltl rm Ill ca IIi1 

1/P HARNESS CONNECTOR 
15 WAY (FRONT VIEW) 

rN1 
l+(◄(~A~---....il -----4340RN/BLK 

LJ r, i-BL~T 
ENGINE . Q GROUND 

CHARTC-1 
PARK/NEUTRAL SWITCH DIAGNOSIS 

(AUTO TRANSMISSION ONLY) 

ECM 

PIN SIGNAL 

. 5.0L (VIN F) & 5. 7L (VIN 8) °F" CARLINE (PORTI 
Circuit Description: . 

6-8-88 
4S0754-6£ 

The park/neutral switch contacts are a part of the neutral start switch, and are closed to ground in park or 
neutral and open in drive ranges. 

The ECM supplies ignition voltage through a current limiting resistor to CKT 434 and senses a closed 
switch when the voltage on CKT 434 drops to less than one volt. 

The ECM uses the PIN signal as one of the inputs to control: 
Idle air control 
VSS diagnostics 
EGR 

If CKT 434 indicates PIN (grounded), while in drive range, the EGR would be inoperative, resulting in 
possible detonation. 

If CKT 434 always indicates drive (open), a drop in the idle may exist when the gear selector is moved into 
drive range. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Checks for a closed switch to ground in park 

position. Different makes of"Scan" tools will read 
PIN differently. Refer to "Operators Manual" for 
type of display used for a specific tool. 

2. Checks for an open swit.ch in drive range. 
3. Be sure "Scan" indicates drive, even while 

wiggling shifter to test for an intermittent or 
misadjusted switch in drive range. 
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CHARTC-1 
PARK/NEUTRAL SWITCH DIAGNOSIS 

(AUTO TRANSMISSION ONLY) 
5.0L (VIN F) & 5.7L (VIN 8) •F• CARLINE (PORT) 

0 • WITH TRANSAXLE/TRANSMISSION IN PARK, •sCAN• 
TOOL SHOULD INDICATE PARK OR NEUTRAL 
DOESITT 

SHIFT TRANSAXLE/TRANSMISSION INTO DRIVE. 
•SCAN"' TOOL SHOULD OISPLA YA CHANGE TO 
INDICATE DRIVE. 

0 • DISCONNECT PARK/NEUTRAL SWITCH CONNECTOR. 

DOESITT 

• DISCONNECT PIN SwrTCH. 
• THIS SHOULD CAUSE 

•sCAN• TOOL TO DISPlA Y 
DRIVE RANGE. 
DOEsm 

FAULTY PIN SWITCH CONNECTION 
OR 
PIN SWITOt MISADJUSTED 
OR 
FAULTY. 

NO TROUBLE 
FOUND. PIN 
ORCUITOIC. 

CKT 434 SHORTED 
TOGROUND 
OR 
FAULTY ECM. 

• JUMPER HARNESS CONNECTOR TERMINALS •A• AND 
•r (CKT 434 TO 450). 

• •SCAN• TOOL SHOULD INDtCA TE PARK OR NEUTRAL 
DOESITT 

• JUMPER HARNESS CONNECTOR 
TERMINAL• A• (CKT 434) TO 
ENGINE GROUND. 

• •sCAN .. TOOL SHOULD INDICATE 
PARK OR NEUTRAL 
DOES IT? · 

FAUL TY PIN SWITCH 
CONNECTION 
OR 
PIN SWITCH MISADJUSTED 
OR 
FAULTY. 

CKT4340PEN 
OR 
FAUL TY ECM CONNECTION 
OR 
ECM. 

12-2-87 
75 3161-6E 
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SECTION.Cl 
FUEL METERING SYSTEM 
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GENERAL DESCRIPTION

PURPOSE 

The function of the fuel metering system is to 
deliver the correct amount of fuel to the engine under 
all operating conditions. Fuel is delivered to the 
engine by individual fuel injectors mounted in the 
intake manifold, near each cylinder. 

The main control sensor is the oxygen (02) sensor, 
which is located in the exhaust manifold. The 02 
sensor tells the engine control module (ECM) how 
much oxygen is in the exhaust gas, and the ECM 
changes the air/fuel ratio to the engine by controlling 
the fuel injectors. The best mixture to minimize 
exhaust emissions is 14.7 to 1, which allows the 
catalytic converter to operate most efficiently. 
Because of the constant measuring and adjusting of 
the air/fuel ratio, the fuel injection system is called a 
"Closed Loop" System (shown in Figure C2-1). 

ON-VEHlaE SERVICE • • • • • • • • • • • • • • • • • C2-6 
FUEL PUMP RELAY •••••••••••••••••• C2-6 
OILPRESSURESWITCH(FUELPUMP) •••• C2•7 
COLDSTARTFUELINJECTIONSWITCH ••• C2-7 
PORT FUEl INJECTION COMPONENTS • • • • C2-7 
FUEL PRESSURE RELIEF PROCEDURE ••••• C2•7 
INTAKE MANIFOLD PLENUM •••••••••• C2-7 
FUEL RAIL ASSEMBLY .•••••••••••••••• C2-8 
COLDSTARTVALVEASSEMBLY ••••••••• C2-9 
FUELPRESSURECONNECTION ••••••••• C2-11 
FUEL BLOCK ASSEMBLY •••••••••••••• C2-11 
FUEL INJECTORS ••••••••••••••••••• C2-12 
PRESSURE REGULA TOR ASSEMBLY • .- • • • • C2-13 
THROTTLE BODY ASSEMBLY • • • • • • • • • • C2-13 

Throttle Body R/R •••••••••••••••• C2•13 
Throttle Position Sensor (TPS) ••••••• C2-14 

IDLE AIR CONTROL (IAC) VALVE • • • • • • • • C2•14 
IDLE AIR/VACUUM SIGNAL HOUSING •••• C2·16 
COOLANT CAVITY COVER AND 0-RING • • C2•17 
THROTTLE BODY REPLACEMENT ••••••• C2°17 

PARTS INFORMATION ••••••••••••••••• C2•18 
TORQUE SPEOFICATIONS •••••••••••••• C2-18 

OJ ENGINE CONTROL MODULE (ECM) 

0 FUEL INJECTORS 

0 EXHAUST OXYGEN 0 2 SENSOR 

f:7 IPl3l7•5YE L.!.J CATALYTICCONVERTER 1115117 

Figure C2-1 - •aosed Loop• System 

MODES OF OPERATION 

The ECM looks at voltages from several sensors to 
determine how much fuel to give the engine. The fuel 
is delivered under one of several conditions, called 
.. modes." All the modes are controlled by the ECM, 
and are described below. 
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Starting Mode 

When the ignition is first turned "ON," the ECM 
will turn "ON" the fuel pump relay for two seconds, 
allowing the fuel pump to buildup system pressure. If 
the engine is immediately started, the fuel pump will 
continue to operate. If the key is left in the "ON" 
position, but the engine is not started, the ECM will 
tum the pump off. Fuel delivery in the "Starting" 
mode is split between· the port fuel injectors, which are 
ECM controlled, and the cold start valve assm~ly, 
which is controlled by a coolant temperature sensitive 
switch. 

Fuel delivery from the port injectors (which 
deliver fuel in all operating modes) is controlled by 
changing the amount of time the injectors are turned 
on or "pulsed" by the ECM. The ECM checks the 
coolant temperature sensor, throttle position sensor, 
and determines the proper air/fuel ratio for starting. 
This ranges from 1.5: 1 at-36°C (-33°F) to 14.7: 1 at 
94°c c 201 "F >. 

Fuel delivery from the cold start valve occurs only 
during cranking, and only when engine coolant is 
below 35° C (95°F). The cold start circuit receives its 
power directly from the starter solenoid, and is 
protected by the crank fus9. The cold start fuel 
injection switch provides the ground path for the 
circuit. It is a bimetal switch which opens the circuit 
at a specified coolant temperature. The bimetal is also 
heated by the winding in the switch which would 
allow the valve to stay "ON" 8 seconds at -20°C or 
below. The time the switch stays closed varies 
inversely with coolant temperature. In other words, 
as the coolant temperature goes up the maximum cold 
start valve "ONn time goes down. 

Clear Flood Mode 

If the engine floods, clear it by pushing the 
accelerator pedal down all the way. The ECM then 
will turn "OFF'' the fuel to the injectors. The ECM 
holds this injector rate as long as the throttle stays 
wide open; and the engine rpm is below 600. If the 
throttle position becotnes less than 80%, the ECM 
returns to the STARTING mode. 

Run Mode 

The RUN mode has two conditions called "Open 
Loop" and "Closed Loop". 

When the engine is first started, and rpm is above 
400 rpm, the system goes into "Open Loop" operation. 
In "Open Loop," the ECM will ignore the signal from 
the oxygen (02) sensor, and calculate the air/fuel ratio 
based on inputs from the coolant and MAF sensors. 

The system will stay in "Open Loopn until the 
following conditions are met: 

1. The 02 sensor has varying voltage output; 
showing that it is hot enough to operate properly. 
(This depends on temperature.) 

2. The coolant sensor is above a specified, 
temperature about 25°C (77°F). 

3. A specific amount of time has elapsed after 
starting the engine. 
The specific values for the above conditions vary 

with different engines, and are stored in the PROM or 
Mem-Cal. When these conditions are met, the system 
goes into "Closed Loop" operation. In "Closed Loop", 
the ECM will calculate the air/fuel ratio (injector on
time) based on fhe signal from the ('2 sensor. This 
allows the air/fuel ratio to stay very close to 14. 7: 1. 

Acceleration Mode 

The ECM looks at rapid changes in throttle 
position and air flow. and provides extra fuel. 

Deceleration Mode 

The ECM looks at changes in throttle position and 
air flow to reduce the amount of fuel. When 
deceleration is very fast, the ECM can cut off fuel 
completely for short periods. 

Battery Voltage Correction Mode 

When battery voltage is low. the ECM cart--
compensate for the weak spark delivered by the 
distributor by: 

• Increasing the amount of fuel delivered; 
• Increasing the idle rpm; and 
• Increasing ignition dwell time. 

Fuel Cutoff Mode 

No fuel is delivered by the· injector when the 
ignition is "OFF". This prevents dieseling. Also, fuel 
is not delivered if no reference pulses are seen from 
the distributor, which means the engine is not 
running. This prevents flooding. 

FUEL METER.ING SYSTEM 
COMPONENTS 

The fuel metering system (Figure C2-2) is made 
up of the following parts: 
• Fuel supply components (fuel tank, pump and 

lines). 
• Fuel pump electrical circuit 
• Fuel rail assembly, including: 

Fuel injectors 
Cold start valve assembly 
Pressure regulator assembly 

• Throttle body assembly, including: 
Idle Air Control (IAC) Valve 
Throttle Position Sensor (TPS) 
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FUEL SUPPLY COMPONENTS 

The fuel supply is stored in the fuel tank. An 
electric fuel pump, located in the fuel tank with the 
gage sending unit, pumps fuel through an in-line fuel 
filter to the fuel rail assembly. The pump is designed 
to provide fuel at a pressure above the pressure needed 
by the injectors. A pressure regulator in the fuel rail 
keeps fuel available to the injectors at a constant 
pressure. Unused fuel is returned to the fuel tank by a 
separate line. (See Section "6C" for _ replaceme11t 
procedures covering the fuel tank, fuel pump, in-line 
filter and fuel lines.) 

FUEL 
PUMP 

FUEL 
FILTER 

ENGINE 
CONTROL 
MODULE 

(ECM) 

4 

FUEL RAIL ASSEMBLY 

ENGINE 

t 
PRESSURE 

REGULATOR 

FUEL 
INJEO. 

1/15'117 
8P0327-SYE 

Figure C2-2 - Fuel Metering System 

FUEL PUMP ELECTRICAL CRCUIT 

When the key is first turned "ON" without the 
engine running, the ECM will turn the fuel pump 
relay "ON" for two seconds. This builds up the fuel 
pressure quickly. If the engine is not started· wi~ 
two seconds, the ECM will shut the fuel pump "OFF" 
and wait until the engine starts; As soon as the 
engine is cranked, the ECM will turn the relay "OW 
and run the fuel pump. 

As a backup system to the fuel pump relay, the 
fuel pump can also be turned "ON" by the oil pressure 
switch. The oil pressure switch is a normally open 
switch which closes when oil pressure reaches about 
28 kPa (4 psi). Ir the fuel pump relay fails, the oil 
pressure switch will run the fuel pump. 

An inoperative fuel pump relay can result in long 
cranking times, particularly if the engine is cold. The 
oil pressure switch acts as a back-up to the relay and 
will turn "ON" the fuel pump as soon as oil pressure 
reaches about 4 psi. 

An inoperative fuel pump would cause a no start 
condition. A fuel pump which does not provide enough 
pressure can result in poor performance. 

rn-.t) 
IT] FUEL RAIL ASSEMBLY 

(!] FUEL BLOCK 

m FUEL PRESSURE CONNECTION 

[I) PORT INJECTOR 

[!] COLD START VALVE 

(!] PRESSURE REGULATOR ASSEMBLY. 

9P1029-AS 

Figure C2-3- Model R610 Fuel Rail Assembly 

9P0381-SY 

Figure Q-4 - Fuel Rai Flow Diagram 

FUEL RAIL ASSEMBLY 

The Model R610 fuel rail assembly (Figure C2-3) 
is mounted to the engine intake manifold, and 
performs several jobs: it positions the injectors in the 
intake manifold, it distributes fuel evenly to the 
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II) FUEL INJECTOR 

[!J INTAKE MANIFOLD 
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[]J FUEL RAIL 
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Figure 0-5 • Fuel Injector Assembly 

injectors, it provides fuel to the cold start valve, and it 
integrates the fuel pressure regulator into the fuel 
metering system. Fuel flow within the rail can be 
seen in Figure C2-4. 

Fuel Injectors 

The port fuel injector assembly is a solenoid
operated device, controlled by the ECM, that meters 
pressurized fuel to a single engine cylinder. (Figure 
C2-5). The ECM energizes the injector solenoid, which 
opens a pintle valve, allowing fuel flow through the 
noule. Fuel is injected in a conical spray pattern, and 
is directed at the back side of the intake valve which 
causes the fuel to become further atomized and 
vaporued before entering the combustion chamber. 

An injector that is stuck partly open would caW!8 
loss or pressure after engine shut down. 
Consequently, long cranking times would be noticed 
on l!C)me engines. Dieseling could also occur because 
some fuel could be delivered to the engine after the 
ignition is turned "OFFn. 

Cold Start Valve Assembly 

The cold start valve is a non-ECM controlled 
.solenoid operated valve used to provide fuel during the 
"Starting Mode• (Figure C2-6). It is mounted to the 
intake manifold and is controlled by a coolant 
temperature sensitive switch (see ~Starting Mode" for 
explanation.) The cold start valve is different from an 

port inject.or in that it is not pulsed, instead, it is 
either on or off. 

Fuel from the cold start valve is sprayed into . 
passage in the intake manifold where it mixes with 8ll' 
from the Idle Air Control (IAC) valve, and then 
directed· through branch passages to the cylinder 
ports. By injecting fuel further back from the 
cylinders, and adding air to the fuel, the mixture is 
highly vaporized before entering the cylinders. This 
provides a more combustable mixture for improved 
cold starting. 

Pressure Regulator Assembly 

The pressure regulator is a diaphragm-operated 
relief valve with fuel pump pressure on one side, and 
regulator spring pressure and intake manifold 
vacuum on the other (Figure C2-7). The function of 
the regulator is to maintain a constant pressure 
differential across the injectors at all times. The 
pres.sure regulator compensates for engine load by 
increasing fuel pressure as engine vacuum drops. 

The system operates in an acceptable pressure 
range of284 - 325 k.Pa (41- 47 psi). If the pressure is 
too low, poor performance could result. If the pressure 
is too high, excessive odor and a Code 45 may result. 
CHART A-7 has information on diagnosing fuel 
pressure conditions. 

THROTTLE BODY ASSEMBLY 

The Model B110 throttle body assembly is 
attached to the intake manifold air plenum, and is 
used to control air flow into the engine, thereby 
controlling engine output (Figure C2-8). The throttle 
valve within the throttle body is opened by the driver 
through the accelerator controls. During engine idle, 
the throttle valve is almost closed, and air flow control 
is handled by the Idle Air Control (IAC) Valve, 
described below. To prevent throttle valve icing 
during cool weather operation, engine coolant is 
directed through the coolant cavity on the bottom of 
the throttle body. 

The throttle body also provides the location for 
mounting the Throttle Position Sensor (TPS) and for 
sensing changes in engine vacuum due to throttle 
valve position. Vacuum ports are locat.ed at, above, or 
below the throttle valve to generate vacuum signals 
needed by various components. 

Idle Air Control (IAC) Valve Assembly 

Engine idle speed is controlled by the ECM 
through the idle air control (IAC) valve mounted on 
the throttle body (Figures C2-9, 10). The ECM sends 
voltage pulses to the IAC motor windings causing t• 
IAC pintle to move "IN" or "OUT" a given distanL__ 
(n~ber or steps) for each pulse, called counts. The 
pintle movement controls the airflow around the 



DRIVEABIUTY AND EMISSIONS 2.8L -· (VIN S} 6E3-C2-5 

COLD START PASSAGE 
IN INTAKE MANIFOLD 

BASE-PtATE IDLE .AIR SUPPLY 
FROM THROTTLE BODY 

FUEL PIPE 
FROM 
FUEL RAIL 

· OPERATES ONLY DURING ENGINE CRANKING. 
DURATION CONTROLLED BY 3S"C THERMO- TIME SWITCH 

ENGINE COOLANT 

9S5295-6E 

Figure C2-6 - Cold Start Valve Assembly 

. '.P~ 

1~~~~~ 4 s-- 5 

[I) COYER ASSEMBLY rn VALVE SEAT 

m SPRING [!]REGULATOR VALVE 

II] FUEL RAIL (!] VACUUM CONNECTION 

0 DIAPHRAGM [!)SPRING RETAINER 

[!] FUEL RETURN IP0968-AS 

Figure C2-7 - Pressure Regulator Assembly 

throttle valves, which in tom, controls engine idle 
speed. 

• Engine idle speed is a function of total airflow into 
the engine based on IACV pintle position + PCV 
flow + throttle valve opening + calibrated 
vacuum loss through accessories. 

• "Controlled" idle speed is programmed into the 
ECM, which determines the correct IAC valve 
pintle position to QW.Dtain the desired idle speed 
for all engine operating conditions and loads. 

• The minimum idle air rate is set at the factory 
with a stop screw. Thia settiniz allows enowzh air 

flow by the throttle valves to cause the IAC valve 
pintle to be positioned a calibrated number of 
steps (count.s), from the seat. during "controlled" 
idle operation. 

• If the IAC valve is disconnected and reconnected 
with the engine nmning, the idle speed may be 
wrong. In this case, the IAC valve can be reset by 
turning the ignition to the "ON" position, then 
turning it "OFF" for ten seconds. 
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[I] TERMINAL PINS 

(!] BALL BEARING ASSEMBLY 

(!] STATOR ASSEMBLY 7 

[I) ROTOR ASSEMBLY 

[I]sPRING 

[!]PINTLE 

[[)LEAD SCREW 

8P0933-AS 

Figure C2-9 • Idle Air Control (IAC) Valve 
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Figure C2-10 - IAC Valve Air Flow Diagram 

Throttle Position Sensor (TPS) 

The TPS is mounted on the side of the throttle 
body opposite the throttle lever. Its function is to 
sense the throttle valve .angle and relay that 
information to the ECM. Knowledge of throttle angle 
is needed by the ECM to generate the required injector 
control signals (pulses). Refer to Section "6E3-Cl" for 
further information 

DIAGNOSIS 

FUEL METERING SYSTEM 

Some failures of this system will result in an 
"Engine Cranks But Won't Run." If this condition 
exists, See CHART A-3. This chart will determine if 
the problem is caused by the ignition system, ECM or 
fuel pump circuit. If it's determined to be a fuel 
problem, CHART A-7 will be used. 

This includes the injectors, pressure regulator, fuel 
pump and fuel pump relay. The fuel system wiring 
schematic is covered on the facing page of Code 
CHART 54. 

If a malfunction occurs in the fuel control system, 
it usually results in either a rich or lean exhaust 
condition. This condition is sensed by the oxygen 
sensor and the ECM will change the fuel calculation 
(injector pulse width) based on 02 sensor reading. The 
change made to the fuel calculation will be indicated 
by a change in the block learn values which can be 
monitored by a "Scan" tool. The normal block learn 
values are around 128 and if the~ sensor is sensing a 
lean condition the ECM will add fuel and this will 
result in a block learn value above 128. Some 
variations in block learn values are normal because 
all engines are not exactly the same. However, if the 
block learn values are ± 10 counts from 128 a system 
problem exists. If the block learn values are greater 
than 138 see Code 44 for items which can cause a lean 
system. 

If the block learn values are less than 118, see 
Code 45 for items which can cause the system t.o run 
rich. If a driveability symptom exists refer to the 
particular symptom in Section "B" for additional 
items to check. 

FUEL SYSTEM PRESSURE TEST 

A Fuel System Pressure Test is part of several of 
the Diagnostic Charts and Symptom checks. To 
perform this test, use the procedure on the page 
oppositeCHARTA-7. 

IDLE AIR CONTROL VALVE 

A "Scan" tool will read idle air control (IAC) 
position in steps (counts). "0" steps indicates the 
electronic control module (ECM) is cnromanding the 
IAC to be driven all the way in, to a fully seated 
position, and this is usually caused by a vacuum leak. 

The higher the number of counts, the more air is 
being allowed to pass the IAC valve, If the IAC valve 
is unable to control the idle speed. within 100 rpm of 
the ECM commanded speed, a Code 35 should set. A 
Code Chart should be used to diagnose the IAC 
system. Refer to "Rough, Unstable, or Incorrect Idle, 
Stalling" in the Symptoms Section "B" for other 
possibilities for the cause of idle problems. 

ON-VEHICLE SERVICE 

FUEL PUMP RELAY 

The fuel pump relay is mounted in the engine 
compartment (Figure C2-11). Other than checking for 
loose connectors, the only service possible is 
replacement. 
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Figure 0-11 - Fuel Pump Relay 

OIL PRESSURE SWITCH (FUEL PUMP) 

The oil pressure switch 'is mounted on the 
bulkhead side or the engine (Figure C2-12). This 
switch is a parallel power supply with the fuel pump 
relay. If the fuel pump relay should fail, the oil 
pressure switch will provide ~ttery voltage to the fuel 
pump after 28 kPa (4 psi) oil pressure is reached. 

OJ OIL PRESSURE 
SENSOR 

[1) FUEL PUMP 01 L 
PRESSURE SWITCH 

551"87-4iE 

Figure 0-12 - Oil Pressure Switch (2.8L) 

COLD START FUEL INJECTION SWITCH 

B Remove or Disconnect 
1. Partially drain radiator to allow switch to be 

removed from engine. 
2. Throttle and cruise control cables from throttle 

body. 
3. Cold start switch electrical connector. 
4. Cold start fuel injection switch. 

E3 Install or Connect 
1. Coat threads of new switch with pipe sealant. 

2. Cold start fuel injection switch. 
3. Electrical connector. 
4. Throttle and cruise control cables. 
5. Refill radiator. 

PORT FUEL INJECTION COMPONENTS 

CAUTION: • To reduce the risk of fire and 
personal injury, it is necessary 
to relieve the fuel system 
pressure before servicing fuel 
system components. 

• After relieving system 
pressure, a small amount of 
fuel may be released when 
servicing fuel lines or 
connections. In order to reduce 
the chance of personal injury, 
cover fuel line fittings with a 
shop towel before 
disconnecting, to catch any fuel 
that may leak out. Place the 
towel in an approved container 
when disconnect is completed. 

FUEL PRESSURE RELIEF PROCEDURE 
Tool Required: 

J 34730-1 Fuel Pressure Gage 

1. Disconnect negative battery terminal to avoid 
possible fuel discharge if an accidental attempt is 
made to start the engine. 

2. Loosen fuel filler cap to relieve tank vapor 
pressure. 

3. Connect gage J 34730-1 to fuel pressure valve. 
Wrap a shop towel around fitting while connecting 
gage to avoid spillage. 

4. Install bleed hose into an approved container and 
open valve to bleed system pressure. Fue_l 
connections are now safe for servicing. 

5. Drain any fuel remaining in gage into an 
approved container. 

INTAKE MANIFOLD PLENUM 

Removing the fuel rail assembly Crom the engine 
requires removing the top portion of the tuned intake 
manifold, called the "plenum". 

~ Remove or Disconnect (Figure C2-13) 
t-1.regative battery terminal. 
2. Air inlet duct at throttle body, and crank.case vent 

pipe at valve cover grommet. 
3. Vacuum harness connector &om throttle body. 
4. Throttle cable bracket bolt. 
5. Throttle body attaching bolts. 
6. Throttle body and gasket. 

- Discard gasket. 
7. EGR transfer tube to plenum bolts. 
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Figure 0-13- Removing Plenum and Fuef Rail 
8. EGR transfer tube and gasket. 

Discard gasket. 
9. AlC compressor to plenum bracket attaching 

hardware, and bracket. 
10. Plenum bolts/studs .. 
11. Plenum and gaskets. 

Discard gaskets. 

~Clean 

NOTICE: Use care in cleaning old gasket material 
from machined· aluminum surfaces. Sharp 
tools will damage sealing surfaces. 

• Gasket sealing surfaces. 

EJ Install orConnect(FigureC2-13) 
1. New plenum gaskets. 
2. Plenum. 
3. Plenum bolts/studs. 

Bl'ITighten 
rl>1enum bolts/studs to 25 N·m (18 lb.ft.). 

IDENTIFICATION NUMBER 

11111 · 111 11-souRCE CODE 
..._,._, [._,- I-SHIFT IDENTIFICATION 

DAY OF LASSEMBLY PLANT CODE 
YEAR YEAR 

NOT ALL PRODUCTION INFORMATION 
MAY BE SHOWN . 9P 1064-AS 

Figure 0-14 • Fuel Rail Assembly ldentififcation 

4. A/C compressor to plenum bracket and attaching 
hardware. 

5. EGR transfer tube with new gasket. 
6. EGR transfer tube bolts. 

135:lTighten 
~GR transfer tube bolts to 26 N ·m (19 lb.ft.). 

7. Throttle body with new gasket. 
8. Throttle body attaching bolts. 

135:1 Tighten 
~ttle body attaching bolts to 27 N •m (20 

lb.ft.). 

9. Throttle cable bracket bolt. 
10. Vacuum harness connector to throttle body. 
11. Air inlet duct to throttle body, and crankcase vent 

pipe to valve cover grommet. 
12. Negative battery terminal. 

FUEL RAIL ASSEMBLY 

An eight digit identification number is stamped 
on the side of the fuel rail (Figure C2-14). Refer to this 
number if servicing or part replacement is required. 

The names of component parts appear in the 
numbered list on the disassembled view (figure 
C2-15) on the following page. 

CAUTION: To reduce the risk of fire and 
personal injury that may result 
from a fuel leak. always replace 0-
rin g seals exposed during 
component service. 

NOTICE: • Use care in removing the fuel rail 
assembly, to prevent damage to the 
injector electrical connector terminals 
and the injector spray tips. When 
removed, support the rail to avoid 
damaging its components. 
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• Prevent dirt and other contaminants 
from entering open lines and passages. 
Fittings should be capped, and holes 
plugged, during servicing. 

6 .cleaning 
~efore removal, the fuel rail assembly may be 
cleaned with a spray type engine cleaner, GM X-30A 
or equivalent, following package instructions. Do not 
immerse fuel rail in liquid cleaning solvent. 

1+~1 Remove or Disconnect (Figs. C2-13, 15) 
1. Negative battery terminal. 
2. Relieve fuel system pressure. 
3. Intake manifold plenum. 
4. Cold start tube (101) at fuel rail fitting (105). 

Use a back-up wrench on fuel rail fitting to 
prevent it from turning. 

5. Cold start tube 0 -ring seal (104), and discard. 
6. Fuel feed and return lines at rail. . 
7. Fuel line 0-rings (1, 2), and discard. 
8. Vacuum line at pressure regulator. 
9. Injector electrical connectors. 
10. Fuel rail attaching bolts. 
11. Fuel rail assembly. 

l❖I Disassemble (Figure C2-15) 
Injector 0-ring seal (86) from spray tip end of each 
injector. Discard seals. 

Et) Assemble (Figure C2-15} 
Lubricate new injector 0-ring seal (86) with 
engine oil, and install on spray tip end of each 
injector. 

1++1 Install or Connect (Figures C2-13, 15) 
1. Fuel rail assembly in intake manifold. 

Tilt rail assembly to install injectors. 
2. Fuel rail attaching bolts. 

J~I Tighten 
• Fuel rail attaching bolts to 25 ·N·m (18 lb.ft.). 

3. Injector electrical connectors. 
Rotate injector(s) as required to avoid 
stretching wire harness. · 

4. Vacuum line to pressure regulator. 
5. New 0-rings (1, 2) on fuel feed and return lines. 
6. Fuel lines. · 

l~I Tighten 
• Fuel line nuts to 27 N•m (20 lb.ft.). 

7. New 0-ringseal (104) on cold start tube. 
8. Cold start tube nut to fitting (105) on fuel rail. 

l~I Tighten 
• Cold start tube nut to 27 N ·m (20 lb.ft.). 
• Use a back-up wrench on fuel rail fitting to 

prevent it from turning. 

l~I Inspect 
A. Temporarily connect negative battery 

terminal. 
B. With engine "OFF" and ignition "ON," check 

for fuel leaks. 
C. Disconnect negative battery terminal. 

9. Intake manifold plenum, 
10. Negative battery terminal. 

COLD START VALVE ASSEMBLY 

CAUTION: To reduce the risk of fire and 
personal injury that may result 
from a fuel leak, always replace 0-
rin g seals exposed during 
component service. 

E3 Remove or Disconnect(Figs. C2-13, 16) 
1. Negative battery terminal. 
2. Relieve fuel system pressure. 
3. Intake manifold plenum. 

~ Clean 
• Area around cold start valve and tube nut 

with GM X-30A or equivalent. 
4. Cold start valve electrical connector. 
5. Cold start tube (101) atfuel rail fitting (105). 

Use a back-up wrench on fuel rail fitting to 
prevent it from turning. 

6. Cold start valve retaining bolt. 
7. Cold start valve from intake manifold. 

II) Disassemble (Figure C2-16) 
1. Raise tab on tube and body assembly (101) so it 

will clear electrical connector and unscrew cold 
start valve (100). 

2. 0-ring seals (102, 103, 104) from tube and body 
assembly and cold start valve. Discard seals. 

III Assemble (Figure C2-16} 
1. Lubricate new cold start valve and tube assembly 

0-ring seals (102, 103, 104) with engine oil. 
Install on valve (100) and tube assembly (101). 

2. Cold start valve onto tube and body assembly. 
Screw in valve until it bottoms, then back off 
until hole in valve mounting lug will be 
aligned with hole in intake manifold when 
assembly is mounted. 
Bend tab over cold start valve to lock it in 
position. 
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Figure 0-15- Model R610 Fuel Rail Assembly 
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Figure 0-16- Cold Start Valve 

E3 Install orConnect{FiguresC2-13, 16) 
1. Cold start valve into opening in intake manifold. 
2. Cold start valve retaining bolt. 

-~....._•-1::i~L2 
[TI FUEL BLOCK . • 

[I) FUEL PRESSURE CONNECTION ASSEMBLY SEAL 

(!] FUEL PRESSURE CONNECTION ASSEMBLY 

(I] FUEL PRESSURE CONNECTION ASSEMBLY CAP 
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Figure 0-17 - Fuel Pressure Connection Assembly 

l~ITighten 
• Valve retaining bolt to 27 N·m (20 lb.ft.). 

3. Cold start tube nut to fitting (105) on Cu.el rail. 

Ill Tighten 
• Cold start tube nut to 27 N •m (20 lb.ft.). 
• Use a back-up wrench on fuel rail fitting to 

prevent it from turning. 

4. Electrical connector on cold start valve. 

IL!l•nspect 
A. Temporarily· connect negative battery 

terminal. 
B. With engine "OFF" and ignition "ON," check 

for fuel leaks. 

C. Disconnect negative battery terminal. · 

5. Intake manifold plenum. 
6. Negative battery terminal. 

FUEL PRESSURE CONNECTION 

~ Clean 
• Area around fuel pressure connection with GM X-

30A or equivalent. 

E3 Remove or Disconnect (Figure C2-17) 

1. Negative battery terminal. 
2. Relieve fuel system pressure. 
3. Fuel pressure connection (26) and seal (27). 

E3 Install or Connect (Figure C2-17) 
1. New seal (27) on fuel pressure connection (26). 
2. Fuel pressure connection in fuel block. 

l~I Tighten 
• Fuel pressure connection to 13 N ·m (115 

lb.in.). 

3. Negative battery terminal. 

IL•I Inspect 
• With engine "OFF" and ignition "ON ,n check 

for fuel leaks. · 

FUEL BLOCK ASSEMBLY 

CAUTION: To reduce the risk of fire and 
personal injury that may result 
from a fuel leak. always replace 0-
rin g seals ezposed during 
component service. 

E3 Remove or Disconnect (Figures C2-13. 

11; 18) 
1. Negative batt.ery terminal. 
2. Relieve fuel system pressure. 
3. Intake manifold plenum. 

~Clean 
• Area around fuel pressure connection, fuel 

block, and fuel line connections with GM X-
30A or equivalent. 

4. Fuel pressure connection (26) and seal (27). 
- Discard seal. 

5. Fuel feed and return lines. 
6. Fuel line O-rings (1, 2), and discard. 
7. Fuel block attaching screws (57). 
8. Fuel block (55) and seal (56). Discard seal. 
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.... 1 :> -~~ 

a ~~ __..'--_.~--~ 
• li1~ 

IJ] FUEL BLOCK .,. )' I 0 i 

m FUEL BLOCK ATIACHING SCREW ASSEMBLY 

[I) FUEL RETURN LINE ~-RING 

(!] FUEL RAIL a PRESSURE REGULATOR ASSEMBLY 

11) FUEL INLET LINE O•RING 

[j] FUEL BLOCK SEAL 8P DMI-AS 

Figure C2-18 - Fuel Block Assembly 

~Clean 
• Fuel block sealing surfaces. 

E31nstallorConnect(Figur:esC2-13, 17.18) 
1. New fuel block seal(56). 
2. Fuel block (55). 
3. Fuel block attaching screws (57). 

l~ITighten 
• Fuel block attaching screws to 5.0 N-m 

(44 lb.in.). 
4. New seal (27) on fuel pressure connection (26). 
5. Fuel pressure connection in fuel block. 

~ Tighten 
• Fuel pressure connection to 13 N-m (115 

· lb.in.). 

6. New 0-rings (1, 2) on fuel feed and return lines. 
7. Fuel lines. 

~Tighten 
• Fuel line nuts to 27 N-m (20 lb.fl) 

IL•l •nspect 
A Temporarily connect negative battery 

terminal. 
B. With engine "OFF'" and ignition .. ON, n check 

for fuel leaks. 
C. Disconnect negative battery terminal. 

8. Intake manifold plenum. 
9. Negative battery terminal. 

·--~ 
IIJFUELRAL tt 
[!] PORT INJECTOR . .. <# ·---· f C!J 
(!] INJECTOR RETAINER CLIP 

0 CLIP IN LOCKED POSITION 

[[I CLIP IN RELEASED POSITION SP 0950-AS 

Figure 0-19 • Port Fuel Injector 

~ MANUFACTURE DATE CODE 

(I] MANUFACTURER'S ORDER NUilBER 

(I] MANUFACTURER'S EIIBLEII (LOGO) 

[!) MANUFACTURER'S PLANT NUMBER 

(!] MFG. WEEK OF MONTH (A,B,C,D,E) 

(!] PART NUMBER IDENTIFICATION 8P09JZ;AS 

Figure C2·20 • Injector Part Number Information 

FUEL INJECTORS 

CAUTION: To reduce the risk of fire and 
personal injury that may result 
from a fuel leak, always replace 0-
rin g seals es.posed during 
component service. 

NOTICE: Use care in removing injectors to prevent 
damage t.o the electrical connect.or pins on 
the injector, and the nozzle. The fuel 
inject.or is serviced as a complete assembly 
only. Since it is an electrical component, it 
should not be immersed in any type of 
cleaner. 

l•~I Remove or Disconnect(Figs. C2-13, 19) 
1. Negative battery terminal. 
2. Relieve fuel system pressure. 
3. Intake manifold plenum. 
4. Fuel rail assembly. 
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5. Rotate injector retainer clip (87) to release 
position, 

6. Port injector (85). 

[I] lmportant(Figure C2-20) 
Different injectors are calibrated for different flow 

rates. When ordering new fuel injectors, be sure to 
order the identical part number that is inscribed on 
the old injector. 

l+l+I Disassemble (Figure C2·15) 
1. Injector 0-ring seals (86) from both ends of 

injector, and discard. 
2. ·Injector retainer clip (87). 

F;3 Assemble (Figure C2-15) 
1. Lubricate new injector 0-ring seals (86) with 

engine oil, and install on injector. 
2. New retainer clip (87) onto injector. 

F3 Install orConnect(FiguresC2-13, 19) 
1. Injector (85) into fuel rail injector socket, with 

electrical connector facing outward. 
2. Rotate injector retainQr clip (87) to locking 

position. 
3. Fuel rail assembly. 

F3 Inspect 
A. Temporarily connect negative battery 

terminal. 
B. With engine "OFF" and ignition "ON," check 

for fuel leaks. 
C. Disconnect negative battery terminal. 

4. Intake manifold plenum. 
5. Negative battery terminal. 

PRESSURE REGULATOR ASSEMBLY 

[I] Important 
The pressure regulator and fuel rail are service as 

a complete assembly only. Do not attempt to remove 
the regulator cover from the fuel rail. 

THROTTLE BODY ASSEMBLY 

The throttle body assembly repair procedures 
cover component replacement with the unit on the 
vehicle. However, throttle body replacement requires 
that the complete unit be removed from the engine. 

An eight digit part identification number is 
stamped on the bottom of the throttle body casting 
next to the coolant cover (Figure C2-21). Refer to this 
number if servicing, or part replacement is required. 
For identification of parts during repair, refer to the 
disassembled view (Figure C2-23). 

IDENTIFICATION NUMBER 

551417~E 

Figure 0·21 • Throttle Body Identification 

~Cleaning 
• The throttle bore and valve deposits may be 

cleaned on-vehicle, using carburetor cleaner and a 
parts cleaning brush. Do Not use a cleaner that 
contains Methyl Ethyl Keytone. It is an 
extremely strong solvent, and not necessary for 
this type of deposit. 

• The throttle body metal parts may be cleaned 
following disassembly, in a cold immersion-type 
cleaner such as GM X-55 or equivalent. 

NOTICE: The throttle position sensor (TPS) and idle 
air control (IAC) valve should NOT come 
in contact with solvent or cleaner, as they 
may be damaged. 

Throttle Body R/R 

l+-+I Remove or Disconnect(Figure C2-22) 
1. Negative battery terminal. 
2. Partially drain radiator, to allow coolant hoses at 

throttle body to be disconnected. 
3. Air inlet duct at throttle body, and crankcase vent 

pipe at valve cover grommet. 
4. TPS and IAC valve electrical connectors. 
5. Idle air pipe. 
6. Vacuum harness connector from throttle body. 
7. Throttle, T. V. (transmission control), and cruise 

control cables. 
8. Coolant hoses from throttle body. 
9. Throttle body attaching bolts. 
10. Throttle body assembly and flange gasket. 

Discard gasket. 
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(J] BOLT 

[D THROTTLE BODY ASSEMBLY 

DJ GASKET 

(TI INTAKE PLENUM 
6S2941-6E 

Figure 0-22 - Throttle Body Removal 

~ Clean 

NOTICE: Use care in cleaning old gasket material 
from machined aluminum surfaces. Sharp 
tools will damage sealing surfaces. 

• Gasket sealing surfaces. 

EJ Install or Connect (Figure C2-22) 
1. Throttle body asembly with new flange gasket. 
2. Throttle body attaching bolts. 

~ Tighten 
• Throttle body attaching bolts to 27 N-m 

(20 lb.ft.). 

3. Coolant hoses to throttle body. 
4. Throttle, T.V., and cruise control cables. 

[I] Important . 
• Make sure throttle and cruise control cables do 

not hold throttie open. Refer to Section 6C 
"Engine Fuel" for additional information on 
accelerator controls. 

5. Vacuum harness connector. 
6. Idle air pipe. 
7. TPS and IAC valve electrical connectors. 
8. Air inlet duct to throttle body, and crankcase vent 

pipe t.o valve cover grommet. · 
9. Refill radiator. 
10. Negative battery terminal. 

IL•I Inspect 
• With the engine "OFF," check to see that the 

accelerator pedal is free: 
- Depress pedal to the floor and release. 

Throttle Position Sensor (TPS) 

E3 Remove or Disconnect (figure C2-24) 

1. Electrical connector. 
2. TPS attaching screws (21) and retainers (22). 
3. Throttle position sensor (TPS) (20). 

NOTICE: The TPS is an electrical component and 
must not be soaked in any liquid cleaner 
or solvent, as damage may result. 

EJ Install or Connect (Fig_ure C2-24) 
1. With throttle valve in the closed position, install 

the throttle position sensor (20) on the throttle 
body assembly, making sure TPS lever lines up 
with the TPS drive lever (27) on the throttle shaft. 

2. Retainers (22) and TPS attaching screws (21). 
Finger tighten only. 

llJ Adj~st 
• If replacing TPS, refer to adjustment procedure 

found in Section "6E3-Cl. 
• If transferring TPS to a new throttle body, refer to 

adjustment procedure in "Throttle Body 
Replacement" procedure. 

l~I Tighten 
• TPS attaching screws to 2.0 N·m (18 lb.in.). 

IDLE AIR CONTROL(IAC) VALVE 

E3 Remove or Disconnect (Figure C2-25) 
1. Electrical connector. 
2. IAC valve assembly (70) and gasket (71). 

Discard gasket. 

NOTICE: On IAC valves that have been in 
service: Do Not push or pull on th~ 
IAC valve pintle. The force 
required to move the pintle may 
damage· the threads on the worm 
drive. 
Also, Do Not soak IACV in any 
liquid cleaner or solvent, as damage 
may result. 
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OJ GASKET - FLANGE ~ COVER -COOLANT CAVITY 

(!£] THROTTLE BODY ASSEMBLY @] SCREW ASSEMBLY - COOLANT COVER ATTACHING 

@] PLUG - IDLE STOP SCREW [ill 0-RING - COOLANT COVER TO THROTTLE BODY 

[ill SCREW ASSEMBLY - IDLE STOP ~ IDLE AIR/VACUUM SIGNAL HOUSING ASSEMBLY 

[ill SPRING - IDLE STOP SCREW [ill SCREW ASSEMBLY-IDLE AIR/VACUUM SIGNAL ASSEMBLY (SHORTI 

~ SENSOR-THROTTLE POSITION {TPS) [El SCREW ASSEMBLY - IDLE AIR/VACUUM SIGNAL ASSEMBLY (LONG) 

[ill SCREW ASSEMBLY -TPS A TT ACHING @] GASKET - IDLE AIR/VACUUM SIGNAL ASSEMBLY 

IE] RETAINER-TPS ATTACHING SCREW ~ VALVE ASSEMBLY - IDLE AIR CONTROL {IAC) 

[ill LEVER-TPS [ill GASKET- IAC VALVE ASSEMBLY 

9P0056-XV 

Figure C2-23 • Model B110 Throttle Body Assembly 
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1 

2 

m~ 
m THROTTLE BODY ASSEMBLY 

[I) THROTTLE POSITION SENSOR (TPS) 

m TPS RETAINER 

f':i7 TPS ATTACHING SCREW ~ 8P 0935-AS 

Figure C2•24 • Throttle Position Sensor (TPS) 

~ IL•I Cleaning and Inspection 
• Both original and replacement IAC valves have a 

special factory applied thread locking compound 
applied to the screw threads. If the valve removed 
from the throttle body is being reinstalled, Do Not 
try to remove any or the thread locking compound 
that may be remaining on the threads. 

• Clean IACVgasket sealing surface, pintle valve 
seat and air passage. 

Use carburetor cleaner to remove carbon 
deposits. Do Not use a cleaner that contains 
Methyl Ethyl Keytone. It is an extremely 
strong solvent, and not necessary for this type 
or deposit. 

- Shiny spots on the pintle or seat are normal, 
and do not indicate misalignment or a bent 
pintle shaft. · 
If air passage has heavy deposits, remove 
throttle body for complete cleaning. 

rn Important 

• If installing a new IAC valve, be sure to replace 
with an identical part. IACV pintle shape and 
diameter are designed for the specific application. 

1§1 Measure (If Installing a New IAC Valve) 
(Figure C2-25) 

• Distance between -tip of IAC valve pintle and 
~ounting surface. 

If greater than 28 mm, use finger pressure to 
slowly retract the pintle. The force required to 
retract the pintle or a new valve will not cause 
damage to the valve. 

E3 Install or Con~ect (Figure C2-25) 
1. IAC valve assembly (70) with new gasket (71). 

l~ITighten 
• Valve to 18 N.m (13 lb.ft.) 
• Use a socket or box wrench on valve hex. 

2. Electrical connector. 
3. Reset IAC valve pintle position: 

a. Turn ignition to "ON" position. 
b. Turn ignition "OFF" for ten seconds. 
c. Start engine and check for proper idle 

operation. 

[I] DISTANCE OF PINTLE EXTENSION 

(!] DIAMETER AND SHAPE OF PINTLE 

@J IAC VALVE GASKET 

gp 1058-AS 

Figure Cl-25 • Idle Air Control Valve 

IDLE AIR/ VACUUM SIGNAL HOUSING 

E3 Remove or Disconnect (Figure C2-26) 
1. Negatiye battery terminal. 
2. Vacuum harness connector. 
3. IAC valve electrical connector. 
4. Idle air pipe. 
5. IAC valve assembly (70) and gasket (71). 

Discard gasket. 
6. Idle air/vacuum signal assembly screws (65, 66). 
7. Idle air/vacuum signal housing (60) and gasket 

(67). Discard gasket. 

~Clean 
• Gasket sealing surfaces. 

E3 Install or Conned (Figures C2-25, 26) 
1. New idle air/vacuum signal assembly gasket (67). 
2. Idle air/vacuum signal housing assembly (60). 
3. Idle air/vacuum signal assembly screws (65, 66). 

~Tighten · 
• Idle air/vacuum signal assembly sere" _ 

(starting in center and moving outward) to 3.4' 
N-m (30 lb.in.). 
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~h 
OJ IDLE AIR/VACUUM SIGNAL HOUSING ASSEMBLY 

[!) THROTTLE BODY ASSEMBLY 

(!] IDLE AIR/VACUUM SIGNAL ASSEMBLY GASKET 

(I] IAC VALVE ASSEMBLY GASKET 

[I) IDLE AIR CONTROL (IAC) VALVE ASSEMBLY 

(!] IDLE AIR/VACUUM SIGNAL HOUSING ASSEMBLY 
SCREW ASSEMBLY (LONG) 

ill IDLE AIR/VACUUM SIGNAL HOUSING ASSEMBLY 
SCREW ASS EMBLY (SHORT) SP 09SJ-AS 

Figure 0-26 - Idle Air Nacuum Signal Housing 

(I] THROTTLE BODY ASSEMBLY 

[I] COOLANT CAVITY COVER 

[II COOLANT COVER ATTACHING SCREW 

W COOLANT COVER TO THROTTLE BODY 0- RING 

8P0942-AS 

Figure 0-27 - Coolant Cavity Cover 

l@I Measure (If Installing a New IAC 

Valve) {Figure C2-25) 

• Distance between tip of IAC valve pintle and 
mounting surface. 

- H greater than 28 mm, use finger pressure t.o 
slowly retract the pintle. The force required t.o 
retract the pintle of a new valve will not cause 
damage t.o the valve. 

4. IAC valve assembly (70) with new gasket (71). 

l~I Tighten 
• Valve to 18 N .m (13 lb.ft.) 
• Use a socket or box wrench on valve hex. 

5. Idle air pipe. 
6. IAC valve electrical connect.or. 
7. Vacuumharnessconnect.or. 
8. Negative battery terminal. 
9. Reset IAC valve pintle position: 

a. Turn ignition t.o "ONn position. 
b. Turn ignition "OFFn for ten seconds. 
c. Start engine and check for proper idle 

operation. 

COOLANT CAVITY COVER AND O-RfNG 

a Remove or Disconnect {Figure C2-27) 
1. Negative battery terminal. 
2. Throttle body from engine. 
3. Coolant cover attaching screws (45). 
4. Coolant cavity cover (40) and 0-ring (46). 

Discard O-ring. 

~ Clean 
• 0-ring sealing surfaces. 

IL'l'I Inspect 
• O-ring sealing surfaces, for damage and corrosion. 

Replace coolant cavity cover, or throttle body if 
necessary. 

El Install or Connect {Figure C2-27) 
1. Lubricate new coolant cover O-ring (46) with 

ethylene glycol antifreeze. 
2. O-ring in cavity of throttle body. 
3. Coolant cavity cover (40). 

- Hold cover in place. 
4. Coolant cavity cover attaching screws ( 45). 

I~( Tighten 
• Coolant cavity cover attaching screws to 

3.0 N·m (27 lb.in.). 

5. Throttle body onto engine. 
6. Negative battery terminal. 

THROTTLE BODY REPLACEMENT 

E3 Remove or Disconnect {Figure C2-22) 
1. Negative battery terminal. 
2. Throttle body from engine. 

IL'l'I Inspect 
• Repacement throttle body for items that will need 

to be transferred from old unit. 
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(½) Disassemble 

• Thl'.ottle body removed from engine, following 
component repair procedures. 

[ti Assemble 
• Replacement throttle body with transferred parts. 

following component repair procedures. 

E3 Install or Connect (Figure C2-22) 
1. Replacement throttle body onto engine. 
2. Negative battery terminal. 
3. Adjust TPS and idle stop screw. rn Important 

• .The idle stop screw is used to regulate 
minimum idle speed of the engine. On 
original equipment throttle bodies, it is 
adjusted at the factory, then covered with a 
plug to discourage unnecessary readjustment. 

• On replacement throttle bodies, the idle stop 
screw is not adjusted and is not covered with a 
plug. 

llJ Adjust 
1. Back idle stop screw out until an air gap between 

the screw and the throttle lever can be seen by 
looking downward from above the throttle body. 

2. Turn the stop screw in until it just contacts the 
throttle lever. 

3. Turn the stop screw in 11/2 turns further. 
4. Block drive wheels, and apply parking brake. 
5. Connect a "SCAN" tool to the ALDL connector. 
6. Turn ignition to "ON" position. 
7. Select "TPS" voltage display on "Scan" tool, and 

adjust TPS to obtain 0.55±0.1 volt. 
- Tighten attaching screws enough to hold TPS 

· in place. Readjustment may be required 
following minimum idle speed adjustment. 

8. Select "Field Service Mode" on "SCANn tool (refer 
to "SCAN" tool instructions). This will cause IAC 
valve pintle to seat in throttle body (closing air 
passage). Wait at least 45 seconds, disconnect IAC 
valve connector, then exit "Field Service Mode. n 

9. Place transmission in "Park" (Air) or "Neutral" 
(Mtr). Start and run engine until it reaches 
normal operating temperature, and "Closed-Loop" 
operation as read on the "SCAN" tool. 

It may be necessary to hold throttle ope.n 
slightly to maintain idle. 

10. Select "IACV" on "SCAN" tool, and read IACV 
counts. 

rn Important 
• Engine should be operating in "Closed-Loop." 
• Accessories (A/C, rear defog, etc.), and engine 

cooling fan "OFF." 

• Make sure throttle and cruise control cables do 
not hold throttle open. 

• With engine stabilized, IAC valve · position. 
should be 10 to 15 counts. 

11. If IAC valve counts are out of acceptable range, 
the adjustment may be tailored as follows: 
• More throttle valve opening = lower IAC 

valve counts. 
• Less throttle valve opening = higher IAC 

valve counts. 
• If it is necessary to change the adjustment 

more than one. half turn either way, other 
causes of incorrect idle speed should be 
investigated as previously mentioned. 

12. Turn ignition "OFF." 
13. Connect IAC valve. 
14. Tum ignition to .. ON" position, and recheck TPS 

voltage on "SCAN" tool. Adjust if necessary, to 
obtain 0.55±0.1 volt. 
• Tighten TPS attaching screws to 2.0 N-m 

(18 lb.in.). Make sure adjustment did not 
change after tightening screws. 

15. Turn ignition "OFF" for ten seconds (this will 
reset IAC valve pintle position). 

16. Start engine and check for proper idle operation. 
17. Disconnect "SCAN" tool. 
18. Remove block from drive wheels. 

PARTS INFORMATION 

PART NAME GROUP 

Injector, fuel • • • • • • • • • • • • • • • • • • • • • • 3.330 
Pump, Fuel (In-Tank)................ 3.900 
Relay, Fuel Pump.......... . . . . . . . . . 3.900 
Switch, ()il Pressure • • • • • • • • • • • • • • • • 1.800 
Valve Asm, Idle Air Control : Part 

Of Control Kit, Idle Air Valve •••••••• 3.820 
Fuel feed rail and regulator kit. • • • • • • • • 3.330 
0-rings, Fuel Lines ••••••••••••••••• 3.163 

TORQUE SPECIFICATIONS 

EGR Transfer Tube Bolts ••••• 26.0 N ·m (19 lb.ft.) 
Intake Plenum Bolts/Studs •••• 25.0 N ·m (18 lb.ft.) 
Fuel Line Nuts ••••••••••••• 27.0 N·m (20 lb.ft.) 
Fuel Rail Cold Start Fitting ••• 35.0 N ·m (26 lb.ft.) 
Cold Start Tube Nut ••••••••• 27.0 N·m (20 lb.ft.) 
Cold Start Valve Retain. Bolt •• 27.0 N·m (20 lb.ft.) 
Rail Rail Attaching ••••••••• 25.0 N·m (18 lb.ft.) 
Fuel Pressure Connection •••• 13.0 N·m (115 lb.in.) 
Fuel Block Assembly ••••••••• 5.0 N ·m (44 lb.in.) 
Throttle Body Attach. Bolts ••• 27.0 N·m (20 lb.ft.) 
Throttle Position Sensor • •••••• 2.0 N ·m (18 lb.in.) 
Idle Air Control Valve ••••••• 18.0 N·m (13 lb.ft.) 
Idle Air/ Vac. Signal Assembly •• 3.4 N ·m (30 lb.in.) 
Coolant Cavtty Cover •••• .; ••• 3.0 N ·m (27 lb.in.) 
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CHARTC-2A 
INJECTOR BALANCE TEST 

The injector balance tester is a tool used to turn the injector on for a precise 
amount of time, thus spraying a measured amount of fuel into the manifold. 
This causes a drop in fuel rail pressure that we can record and compare between 
each injector. All injectors should have the same amount of pressure drop(± 10 
kPa). Any injector with a pressure drop that is 10 kPa (or more) greater or less 
than the average drop of the other injectors should be considered faulty and 
replaced. 

STEP1 
Engine "cool down" period (10 minutes) is necessary to avoid irregular 

readings due to "Hot Soak" fuel boiling. With ignition "OFF" connect fuel gauge 
J-347301 or equivalent to fuel pressure tap. Wrap a shop towel around fitting 
while connecting gage to avoid fuel spillage. 

Disconnect harness connectors at all injectors, and connect injector tester J. 
34730-3, or equivalent, to one injector. On Turbo equipped engines, use adaptor 
harness furnished with injector tester to energize injectors that are not 
accessible. Follow manufacturers instructions for use of adaptor harness. 
Ignition must be "OFF" at least 10 seconds to complete ECM shutdown cycle. 
Fuel pump saould run about 2 seconds after ignition is turned "ON". At this 
point, insert clear tubing attached to vent valve into a suitable container and 
bleed air from gauge and hose to insure accurate gauge operation. Repeat this 
step until all air is bled from gauge. 

STEP2 
Turn ignition "OFF" for 10 seconds and then "ON" again to get fuel pressure 

to its maximum. Record this initial pressure reading. Energize tester one time 
and note pressure drop at its lowest point. (Disregard any slight pressure 
increase after drop hits low point.) By subtracting this second pressure readi.ng 
from the initial pressure, we have the actual amount of injector pressure drop. 

STEP3 
Repeat step 2 on each injector and compare the amount of drop. Usually, good 

injectors will have virtually the same drop. Retest any injector that has a 
pressure difference of 10 kPa, either more or less than the average of the other 
injectors on the engine. Replace any injector that also fails the retest. ff the 
pressure drop of all injectors is within 10 kPa of this average, the injectors 
appear to be flowing properly. Reconnect them and review "Symptoms," Section 
"B". 

NOTE: The entire test should not be repeated more than once without 
running the engine to prevent flooding. (This indudes any retest on 
faulty injectors). 
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NOTE: If injectors are suspected of being dirty, they 
should be cleaned using an approved tool and 
procedure prior to performing this test. The fuel 
pressuretestin Section "A", ChartA•7, should be 

CHARTC-2A 
INJECTOR BALANCE TEST 
2.SL (VIN S) ••F" CARLINE 

(PoRn 
completed prior to this test. -

Step 1. If engine is at operating temperature. allow a 10 minute ncool down• period then connect 
fuel pressure gauge and injector tester~ 
1. Ignition .. OFF." 
2. Connect fuel pressure gauge and injector tester. 
3. Ignition '"ON." 
4. Bleed off air in gauge. Repeat until all air is bled from gauge. 

Step 2. Run test: 

Step 3. 

1. Ignition •oFF" for 10 seconds. 
2. Ignition "ON'". Record gauge pressure. (Pressure must hold steady, if not see the Fuel 

System diagnosis, Chart A-7, in Section "A .. ) . · 
3. Turn injector on, by depressing button on injector tester. and note pressure at the instant 

the gauge needle stops. · 

1. Repeat step 2 on all injectors and record pressure drop on each. 
Retest injectors that appear faulty (Any injectors that have a 10 kPa difference, either 
more or less. ifi.pressure from the average). If no problem is found, review "Symptoms" 
Section '"B". 

INJECfOR 
CONNECfOR 

TESTER. 

J 34730.3 

- EXAMPLE -

(INITIAL PRESSURE) 

GAUGE 
134730·1 

BATTERY 

CYLINDER 1 2 3 4 5 6 

1STREADING 225 225 225 225 225 225 

2NDREADING 100 100 100 90 100 115 
AMOUNT OF DROP 125 125 125 135 125 110 

OK OK OK FAULTY, RICH OK FAULTY, LEAN 
(TOO MUCH) (TOOUTTlE) 
(FUEL DROP) (FUEL DROP) 

4-6-88 *ss 1671-6E 
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CHARTC-2C 
IDLE AIR CONTROL 

E M 

IACCOIL •A• HI 

IACCOIL •A• LO 

IACCOll •■- HI 

IAC COIL •r LO 

7-16-87 
55180CME 

2.8L (VIN S) ''F" CARLINE (PORTI 
-Circuit Description: 

The ECM will control engine idle speed by moving the IAC valve to control air flow around the throttle 
plate. It does this by sending voltage pulses to the proper motor winding for each IAC motor. This will cause 
the motor shaft and valve to move in or out of the motor a given distance for each pulse received. ECM pulses 
are referred to as "counts". 
• To increase idle speed - ECM will send enough counts to retract the IAC valve and allow more air to flow 

through the idle air passage and bypass the throttle plate until idle speed reaches the proper RPM. This 
will increase the ECM counts. 

• To decrease idle speed- ECM will send enough counts to extend the IAC valve and reduce air flow through 
the idle passage around the'~ottle plate. This will reduce the ECM counts. · 
Each time the engine is started and then the ignition is tumed "OFF" the ECM will reset the IAC valve. 

This is done by sending enough counts to seat the valve. The fully seated valve is the ECM reference zero. A 
given number of counts are then issued to open the valve, and normal ECM control or IAC will begin Crom this 
point. The number of counts are then calculated by the ECM. This is how the ECM knows what the motor 
position is for a given idle speed. 

The ECM uses the following information to control idle speed. 
• Battery voltage • Engine Speed • Throttle Position Sensor 
• Coolant Temperature • A/C clutch signal 

Don't apply battery voltage across the IAC motor terminals. It will permanently damage the IAC motor 
windiggs. 
Test Description: Numbers below refer to circled • Park/Neutral Switch - If ECM thinks the car is 
numbers on tlie diagnostic chart. always in neutral, then idle will not be controlled 
1. Continue with test even if engine will not idle. If to the specified rpm when in drive range. 

idle is too low, "~n" ~ill. dis_plaf 80_ or m~r! • Leaking injector(s) will cause fuel imbalance and 
counts, or steps. 1£ idle 1s high 1t will display O poor idle quality due to excess fuel. See CHART 
counts. A-7. 
Occasional_ly an erratic or. unstable idle may • Vacuum or crankcase leaks can affect idle. 
occur. Engme_speed may vary 200 rpm or ~4:>re ~p • When the throttle shaft or throttle position sensor 
and down. D1sconne~t IAC. If the cond1t10~ 1s is binding or sticking in an open throttle position 
unchanged the IAC 1s not at fault. There 1s a . . ped, 
system problem. Proceed to diagnostic aids below. the ECM does not ~ow if the vehicle has stop 

2. When the engine was stopped, the IAC valve anChd dkoeAis nRot control idle.t "- . te "tt t 
retracted (more air) to a fixed "Park" position for • . ec ~.ge!"en system .. 1or m r:nu en 
increased air flow and idle speed during the next air to ~o~ts while m . Closed Loop . 
engine s~rt. A "Scan" will display 140 or more • In add1t1on to electrical control of EGR, be sure to 
counts. · examine the EGR valve for proper seating. 

3. B·e sure to disconnect the IAC valve prior to this • Faulty battery cables can result in voltage 
test. The test light will confirm the ECM signals variations. The ECM will try to compensate, 

. by a steady or flashing light on all circuits. which results in erratic idle speeds. · · . 
4. There is a remote possibility that one of the CKTs • The ECM will compensate for A/C compressor 

is shorted to voltage· which would have been clutch loads. Loss of this signal would be most 
indicated by ~ _steajy li,r;ht. Disconnect E~M and apparent in neutral. . 
turn the l~1t1on . ~N and probe terminals to • Contaminated fuel can adversely affect idle. 
check for this cond1t1on. • Perform injector balance test CHART C-2A. 

Diagnostic Aids· ff all OK, refer to "Rough, Unstable, Incorrect Idle 
• or Stalling" .. Symptoms" in Section "B". 

Engine idle speed can be adversely affected by the 
following: 
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0 • ENGINEIDLINGATNORMAL 
OPERATING TEMPERATURL 

• NOTE RPM IN PARK OR NEUTRAL 

G) • JGNmON ·oi=r FOR 10 SEC. 
• STARTENGINE ANDIMMEDIATELV 

NOTE RPM. 

IDLE RPM, NO INCREASE 

WILL NOT RETURN TO IDLE 
RPM RECORDED ABOVE • 

0 . IGNm0N ·oFF·. 
• DISCONNECT IAC VALVE HARNESS. 
• JGNmON ·oN- , ENGINE STOPPED. 
• GROUND DIAGNOSTIC TEST TERMINAL. 
• CONNECT A TEST l,IGHT BETWEEN EACH IAC 

HARNESS CONNECTOR TERMINAL AND GROUND. 

NO LIGHTS, ONE OR 
MORE ORCUITS. 

CHECK FOR OPEN OR SHORT TO 
GROUND IN CIRCUIT WITH NO LIGHT. 

ARE ALLORCUITS OK? 

CHECK RESISTANCE ACROSS IAC COILS. SHOULD BE 
MORE THAN 20 OHMS BETWEEN IAC TERMINALS 
OPPOSITE HARNESS CONNECTOR TERMS.• A• TO •a• 
AND ·c· To •D·. 

FAUL TV ECM CONN. 
ORECM. 

0 

CHARTC-2C 
IDLE AIR CONTROL 

2.SL (VIN S) .. F,, CARLINE (PORT) 

IDLE RPM, INCREASE 

• IDLE ENGINE FOR 1 MINUTE 
AND NOTE RPM. 

RETURNS TO IDLE RPM RECORDED ABOVE • 

IDLE AIR CONTROL CRCUIT OK. 
SEE FAONG PAGE ·DIAGNOSTIC Alos·. 

LIGHT STEADY OR 
FLASHING ALL CIRCUITS. 

FAULTY IAC CONNECTION 
OR IAC VALVE. 

REPLACE IACVALVE 
AND RETEST. 

CLEAR CODES AND CONFIRM ·cLOSEO LOOP· OPERATION AND NO ·sERVICE ENGINE sooN· LIGHT. 
3-31-87 

* 753151-6E 
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GENERAL DESCRIPTION 

PURPOSE 

The function of the fuel metering system is to 
deliver the correct amount of fuel to the engine under 
all operating conditions. Fuel is delivered to the 
engine by individual fuel injectors mounted in the 
intake manifold near each cylinder. 

The main control sensor is the oxygen (02) sensor, 
which is located in the exhaust manifold. The 02 
sensor tells the Electronic Control Module (ECM) how 
much oxygen is in the exhaust gas. The ECM changes 
the air/fuel ratio to the engine by controlling the fuel 
injectors. The best mixture to minimize exhaust 
emissions is 14.7 to 1, which allows the catalytic 
converter to operate the most efficiently. Because of 
the co~stant measuring and adjusting of the air/fuel 
ratio, the fuel injection system is called a "Closed 
Loop" system (shown in Figure C2-1). 

MODES OF OPERATION 

The ECM looks at voltages from several sensors to 
determine how much fuel to give the engine. The fuel 
is delivered under one of several conditions, called 
"modes". All the modes are controlled by the ECM 
and are described below. 

FUEL SYSTEM PRESSURE TEST.......... 0-5 
IDLEAIRCONTROL(IAC)VALVE •••••••• C2-6 

ON-VEHICLE SERVICE • • • • • • • • • • • • • • • • • • C2-6 . 
FUEL PUMP RELAY •••••••••••••••••• C2-6 
OIL PRESSURE SWITCH (FUEL PUMP) ••••• 0-6 
PORT FUEL INJECTION COMPONENTS •••• C2-6 
FUEL PRESSURE RELIEF PROCEDURE ••••• 0-6 
INTAKE PLENUM/RUNNERS •• , ••••••••• C2-7 
FU EL RAIL ASSEMBLY • • • • • • • • • • • • • • • • C2-7 
FUEL PRESSURE CONNECTION ••••••••• C2-9 
FUEL INJECTORS ••••••••••••••••••• Q.g 
PRESSURE REGULATORASSEMBLY •••••• C2-11 
THROTTLE BODY ASSEMBLY •••••••••• . 0-12 . 

Throttle Body R/R • • • • • • • • • • • • • • • • • C2-13 
THROTTLE POSITION SENSOR (TPS) • • • • • 0-13 
IDLEAIRCONTROL(IAC)VALVE •••••••• 0-13 
!AC/COOLANT COVER ASSEMBLY • • • • • • • C2-15 
CLEAN AIR COVER AND GASKET •••••••• C2-16 
THROTTLE BODY REPLACEMENT ••••••• C2-16 

PARTS INFORMATION ••••••••••••••••• C2-17 
TORQUE SPEOFICA TI0NS • • • • • • • • • • • • • • 0-17 

(I] ELECTRONIC CONTROL MODULE (ECM) 

(I] FUEL INJECTORS 

[TI EXHAUST OXYGEN 0i SENSOR 

[}J CATALYTIC CONVERTER 

450997-6E 

Figure 0-1 • '"Closed Loop• System 

Starting Mode 

When the ignition is first turned "ON," the ECM 
turns "ON" the fuel pump relay for two seconds and 
the fuel pump builds up pressure. The ECM then 
checks the coolant temperature sensor; Throttle 
Position Sensor (TPS), Manifold Air Temperature 
(MAT) sensor, and determines the proper air/fuel ratio 
for starting. This ranges from 1.5 : 1 at -36°C (-33°F) 

· to 14.7: 1 at 94°C (201 °F) running temperature. 
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The ECM controls the amount of fuel delivered in 
the Starting Mode by changing how long the injectors 
are turned "ON" and "OFF". This is done by "pulsing" 
the injectors for very short times. 

Clear Flood Mode 

If the engine floods, clear it by pushing the 
accelerator pedal down all the way. The ECM then 
pulses the iajectors at an air/fuel ratio of 20: 1. The 
ECM holds this injector rate as long as the throttle 
stays wide open, and the engine rpm is below 600. If 
the throttle position becomes less than 80%, the ECM 
returns to the starting mode. 

Run Mode 

The RUN mode has two conditions called .. Open 
Loop" and "Closed Loop". 

When the engine is first started, and rpm is above 
400 rpm, the system goes into "Open Loop" operation. 
In "Open Loop", the ECM will ignore the signal from 
the oxygen (02) sensor, and calculate the air/fuel ratio 
based on inputs from the coolant and MAF sensors. 

The system will stay in "Open Loop" until the 
following conditions are met: 
1. The 02 sensor has varying voltage output, 

showing that it is hot enough to operate properly. 
(This depends on temperature.) 

2. T·he coolant sensor is above a specified 
temperature about 40°C (104°F). 

3. A specific amount of time has elapsed after 
starting the engine. 
The specific values for the above conditions vary 

with different engines, and are stored in the mem-cal. 
When these conditions are met, the system goes into 
.. Closed Loop" operation. In "Closed Loop", the ECM 
will calculate the air/fuel ratio (injector on-time) 
based on the signal from various sensors but mainly 
the 02 sensor. This allows the air/fuel ratio to stay 
very close to 14. 7: 1 . 

Acceleration Mode 

The ECM looks at rapid changes in throttle 
position and air flow, and provides extra fuel. 

Deceleration Mode 

The ECM looks at changes in throttle position and 
air flow to reduce the amount of fuel. When 
deceleration is very fast, the ECM may shut off fuel 
completely for short periods. 

Battery Voltage Correction Mode 

When battery voltage is low, the ECM can 
compensate for the weak spark delivered by the 
distributor by: 

• Increasing the amount of fuel delivered; 
• Increasing the idle rpm; and 
• Increasing ignition dwell time. 

Fuel Cutoff Mode 

No fuel is delivered by the injector wh.en the 
ignition is "OFF". This prevents dieseling. Also, fuel 
is not delivered if no reference pulses are seen from 
the distributor, which means the engine is not 
running. This prevents flooding. 

FUEL METERING SYSTEM COMPONENTS 

The fuel metering system (Figure C2-2) is made 
up of the following parts: 
• Fuel supply components (fuel tank, pump, lines). 
• Fuel pump electrical circuit. 
• Fuel rail assembly, including: 

Fuel injectors 
Pressure regulator assembly 

• Throttle body assembly, including: 
Idle Air Control (IAC) Valve 
Throttle Position Sensor (TPS) 

FUEL 
PUMP 

+ 
FUEL 

FILTER 

l 
ELECTRONIC 

CONTROL 
MODULE 

(ECM) 

.. 
r-

I 
T 

PRESSURE 
REGULATOR 

.. ~ 

.. ~ 

FUEL RAIL ASSEMBLY 

ENGINE 

FUEL 
INJECTORS 

4S 1013.fE 

figure C2·2 • Fuel Metering Systems 

FUEL SUPPLY COMPONENTS 

The fuel supply is stored in the fuel tank. An 
electric fuel pump, located in the fuel tank with the 
gage sending unit, pumps fuel through an in-line fuel 
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filter to the fuel rail assembly. The pump is designed 
to provide fuel at a pressure above the pressure needed 
by the injectors. A pressure regulator, an integral 
part of the fuel rail assembly, keeps fuel available to 
the injectors at a regulated pressure. Unused fuel is 
returned to the fuel tank by a separate line. (For 
further information (see Section "6C" for replacement 
procedures covering the fuel tank, fuel pump, in-line 
filter and fuel lines.) 

FUEL PUMP ELECTRICAL CIRCUIT 

When the ignition switch is turned to the "ON" 
position (engine not running), the EC'M turns the fuel 
pump relay "ON" for two seconds, causing the fuel 
pump to pressurize the fuel system. If the ECM does 
not receive ignition reference pulses (engine cranking 
or running) within two seconds, it"will shut "OFF" the 
fuel pump relay, causing the fuel pump to stop. 

As a backup system to the fuel pump relay, the 
fuel pump can also be turned on by the oil pressure 
switch. The oil pressure sender has two internal 
circuits. One operates the oil pressure indicator or 

. gage in the instrument cluster, and the other is a 
normally open switch which closes when oil pressure 
reaches about 28 kPa (4 psi). If the fuel pump relay 
fails, a Code 54 will be set in the ECM, and the oil 
pressure switch will run the fuel pump. 

An inoperative fuel pump relay can result in long 
. cranking times, particularly if the engine is cold. The 
oil pressure switch will turn "ON" the fuel pump as 
soon as oil pressure reaches about 28 kPa (4 psi). 

FUEL RAIL ASSEMBLY 

The Model R810 fuel rail assembly (Figure C2-3) 
is mounted to the engine intake manifold, and 
performs several jobs: it positions the injectors in the 
intake manifold, it distributes fuel evenly to the 
injectors, and it integrates the fuel pressure regulator 
into the fuel metering system. Fuel flow within the 
rail can be seen in Figure C2-4. 

Fuel Injectors 

The MPFI injector assembly is a solenoid
operated device, controlled by the ECM, that meters 
pressurized fuel to a single engine cylinder (Figure 
C2-5). The ECM energizes the injector solenoid, which 
opens a ball valve, allowing fuel to flow past the ball 
valve, and through a recessed flow director plate. The 
director plate has six machined holes that control the 
fuel flow, generating a conical spray pattern of finely 
atomized fuel at the injector tip. Fuel is directed at 
the intake valve, causing it to become further 
atomized and vaporized before entering the 
combustion chamber. 

An injector that is stuck partly open would cause 
loss of pressure after engi_ne shut down . 

[I] UH FUEL RAIL ASSEMBLY 

[I) FRONT CROSSOVER TUBE 

(I] MPFI INJECTOR ASSEMBLY 

(I] R/H FUEL RAIL ASSEMBLY 

(I] PRESSURE REGULATOR & BASE ASSEMBLY 

(!]REARCROSSOVERTUBE 
9P 1067-AS 

Figure C2-3- Model R810 Fuel Rail Assembly 

FUEL 
INLET 

7 
FUEL 

RETURN 

9P0368-SY 

Figure C2-4 - Fuel Rail Flow Diagram 

Consequently, long cranking times would be noticed 
on some engines. Dieseling could also occur because 
some fuel could be delivered to the engine after the 
ignition is turned "OFF". 

Pressure Regulator Assembly 

The pressure regulator is a diaphragm--0perated 
relief valve with fuel pump pressure on one side, and 
regulator spring pressure and intake manifold 
vacuum on the other (Figure C2-6). The . function of 
the regulator is to maintain a constant pressure 
differential ·across the injectors at all times. The 
pressure regulator compensates for engine load by 
increasing fuel pressure as engine vacuum drops. 
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The system operates in an acceptable pressure 
range of 284 --325 kPa (41 - 47 psi). If the pressure is 
too low, poor performance could result. If the pressure 
is too high, excessive odor and a Code 45 may result. 
CHART A-7 has information on diagnosing fuel 
pressure conditions. 

(I]FUELRAIL 

[!]O-RING SEAL 

(I] INTAKE MANIFOLD 

(!] INTAKE VALVE 

(!] PORT INJECTOR 

[!) ELECTRICAL CONNECTOR 

(!] RETAINER CLIP ~~~ 

m 
9P0378-SY 

Figure Q.5 • MPR Injector Assembly 

DJ LOWER SPRING RETAINER 

(!]SPRING 

OJ 

(!]BASE 

[I] PRESSURE REGULATOR VALVE 

[!) FUEL RETURN 

[!)VALVE SEAT 

[I) DIAPHRAGM ASSEMBLY 

[!) VACUUM CONNECTION TUBE 

·mcOVER 

j 10 l SPRING RETAINER TIE ROD 

9P0974-AS 

Figure C2-6 - Pressure Regulator Assembly 

[I] THROTTLE POSITION SENSOR 

[I) IAC VALVE/COOLANT COYER ASSEMBLY 

(I] IDLE AIR CONTROL (IAC) VALVE 
9P 1068-AS 

Figure C2-7 ". Model 9210 Throttle Body Assembly 

OJ TERMINAL PINS 

(!] BALL BEARING ASSEMBLY 

[!] STATOR ASSEMBLY 7 

(!]ROTOR ASSEMBLY · 

(I]sPRING 

[!]PINTLE 

u]LEADSCREW 

8P0933-AS 

Figure C2-8 - Idle Air Control (IAC) Valve Assembly 

THROTTLE BODY ASSEMBLY 

The Model B210 throttle body assembly is 
attached to the intake manifold air plenum, and is 
used to control air flow into ,he engine, thereby 
controlling engine output (Figure C2-7). The throttle 
valves within the throttle body are opened by the 
driver through the accelerator controls. During 
engine idle, the throttle valves are almost closed, and 
air flow control is handled by the Idle Air Control 
(IAC) Valve, described below. To prevent throttle 
valve icing during cool weather operation, engine 
coolant is directed through the coolant cavity, on the 
bottom of the throttle body. · 

The throttle body also provides the Jocation for 
mounting the Throttle Position Sensor (TPS) and for 
sensing changes in engine vacuum due to · throttle 
valve position. Vacuum ports are located at, above, or 
below the throttle valve to generate. vacuum signals 
needed by various components. 
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[I] THROTTLE VALVE 

(!] AIR INLET m IAC VALVE PINTLE 

(I] IDLE AIR CONTROL (IAC) VALVE 

(I] ELECTRICAL INPUT SIGNAL 

9P0379-SY 

Figure C2-9 - IAC Valve Air Flow Diagram 

Idle Air Control (IAC} Valve 

Engine idle speed is controlled by the ECM through 
the Idle Air Control (IAC) valve mounted on the 
throttle body (Figures C2-8, 9). The ECM sends 
voltage pulses to the IAC mot.or windings causing the 
IAC pintle to move "IN" or "OUT" a given distance 
(number of steps) for each pulse, called counts. The 
pintle movement controls the airflow bypassing the 
throttle valves, which in turn, controls engine idle 
speed. 

• Engine idle speed is a function of total airflow into 
the engine based on IACV pintle position + PCV 
flow + throttl~ .valve . opening + calibrated 
vacuum loss through accessories. 

• "Controlled" idle speed is programmed into the 
ECM, which determines · the correct IAC valve 
pintle position to maintain the desired idle speed 
for all engine operating conditions and loads. 

• The minimum idle air rate is set at the factory 
with a stop screw. This setting allows enough air 
flow by the throttle valves to cause the IAC valve 
pintle to be positioned a calibrated number of 
steps (counts), from the seat, during "controlled" 
idle operation. . 

• If the IAC valve is disconnected and reconnected 
with the engine running, the idle speed may be 
wrong. In this case, the IAC valve can be reset by 
doing the following: depress accelerator pedal 

slightly, start and run engine for five seconds, 
then turn ignition "OFF" for ten seconds. 

Throttle Position Sensor (TPS) 

The Throttle Position Sensor (TPS) is mounted on 
the side of the throttle body opposite the throttle lever. 
Its function is to sense the throttle valve angle and 
relay that information t.o the ECM. Knowledge of 
throttle angle is needed by the ECM to generate the 
required injector control signals (pulses). Refer to 
Section "6E3-Cl" for further information. 

DIAGNOSIS 

FUEL METERING SYSTEM 

Always start with the "Diagnostic Circuit Check" 
in Section .. 6E3-A ". This will reduce diagnosis time, 
and prevent unnecessary parts replacement. The 
diagnosis of the ''Fuel Metering System" is covered in 
CHART A-3, "Engine Cranks but Won't Run," and 
CHART A-7, "Fuel System Diagnosis." These charts 
cover the diagnosis of the injectors, pressure 
regulator, and the fuel pump. Diagnosis of the fuel 
pump relay and oil pressure switch is covered in the 
Code 54 Chart. 

If a malfunction occurs in the fuel control system, 
it usually results in either a rich or a lean exhaust 
condition. This condition is sensed by the oxygen 
sensor and the ECM will change the fuel calculation 
(injector pulse width) based on the 02 sensor reading. 
The change made to the fuel calculation will be 
indicated by a change in the block learn values, which 
can be monitored by a "Scan" tool. The normal block 
learn values are around 128, and if the 02 sensor is 
sensing a lean condition, the ECM will add fuel which 
will result in a block learn value above 128. If the 02 
sensor is sensing a rich exhaust the ECM will reduce 
fuel to the engine and this will result in block learn 
values below 128. Some variations in block learn 
values are normal because all engines are not exactly 
the same. However, if the block learn values are± 10 
counts from 128 a system problem exists. If the block 
learn values are greater than .138 see Code 44, for 
items which can cause a lean system. 

If the block learn values are less than 118 see Code 
45 for items which can cause the system to run rich. If 
a driveability symptom exists, refer to the particular 
symptom in Section "B" for additional items to check. 

FUEL SYSTEM PRESSURE TEST 

A fuel system pressure test is part of several of the 
diagnostic charts and symptom checks. To perform 
this test, use the procedure in CHART A-7. 
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IDLE AIR CONTROL VALVE 

A"Scan" tool will display the commanded IAC 
pintle position in steps (counts) . . "O" steps indicates 
the ECM is commanding the IAC to be driven .all the 
way in, to a fully seated position, and this is usually 
caused by a vacuum leak. The higher the number of 
counts the more air being allowed to pass the IAC 
valve. CHART C-2C can be used t.o diagnosis the IAC 
valve. Also refer to "Rough, Unstable, or Incorrect 
Idle, Stalling" in symptoms, Section "B" for other 
possibilities for the cause· of idle problems. 

ON-CAR SERVICE 

FUEL PUMP RELAY 

The fuel pump relay is mounted in the engine 
compartment (Figure C2-10). For diagnosis of the fuel 
pump relay circuit, refer to the Code 54 chart. 

OIL PRESSURE SWITCH 

The oil pressure switch is mounted in the rear of 
the engine (Figure C2-11). 

E3 Remove or Disconnect (Figure C2-11) 
1. Electrical connector. 
2. Oil pressure switch. 

E3 Install or Connect (Figure C2-11) 
1. Make sure fittings are properly aligned to allow 

swit.ch installation. 
2. Oil pressure switch. 
3. Electrical connector. 

PORT FUEL INJECTION COMPONENTS 

CAUTION: • To reduce the risk of fire and 
personal injury. it is necessary 
to relieve the fuel system 
pressure before servicing fuel 
system components. 

• After relieving system 
pressure, a small amount of 
fuel may be released when 
serv1c1ng fuel lines or 
connections. In order to reduce 
the chance of personal injury, 
cover fuel line fittings with a 
shop towel before 
disconnecting, to catch any fuel 
that may leak out. Place the 
towel in an approved container 
when disconnect is completed. 

~..J [I) ENGINE HARNESS 
ASM 

9S5419-6E 

Figure C2-10 • Fuel Pump Relay 

DJ OIL PRESSURE/FUEL PUMP SWITCH ASSEMBLY 
9S5:Z66-6E 

Figure C2-11 • Oil Pressure Switch 

FUELPRESSUREREUEFPROCEDURE 

Tool Required: 
J 34730-1 Fuel Pressure Gage 

1. Disconnect negative battery terminal to avoid 
possible fuel discharge if an accidental attempt is 
made to start the engine. 

2. Loosen fuel filler cap to relieve tank vapor 
pressure. 

3. Connect gage J 34730-1 to fuel pressure valve. 
Wrap a shop towel around fitting while connecting 
gage to avoid spillage. 

4. Install bleed hose into an approved container and 
open valve to bleed ·system pressure. Fuel 
connections are now safe for servicing. · 

5. Drain any fuel remaining in gage into an 
approved container. 
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INTAKE PLENUM/RUNNERS 

E3 Remove or Disconnect (Figure C2-12) . 
1. Negative battery terminal. 
2. Partially drain cooling system to allow lower hose 

at throttle body to be removed. 
3. Throttle, T.V. (transmission control), and cruise 

control cables. 
4. Cable retaining bracket. 
5. Throttle body to mass air flow sensor duct. 
6. Vacuum hoses. 
7. Lower coolant hose from throttle body. 
8. A.I.R. hoses from air management valve. 
9. Throttle body attaching bolts (4). 
10. TPS and IAC valve electrical connectors. 
11. Injector electrical connectors, left/right electrical 

harness attaching nuts and harnesses. 
12. Power brake vacuum hose from plenum. 
13. Left side runner to plenum bolts. 
14. Left side runner to manifold bolts. 
15. PCV valve and hose. 
16. Right side runner to plenum bolts. 
17. Right side runner to manifold bolts. 
18. EGR solenoid. 
19. Right side manifold to runner bolt. 
20. Plenum, right side runners and gaskets. 

Discard gaskets. 
21. Left side manifold to runner bolt. 
22. Left side runners and gaskets. 

Discard gaskets. 

~ Clean 

NOTICE: Use care in cleaning old gasket material 
from machined aluminum surfaces. Sharp 
tools may damage sealing surfaces. 

• Gasket sealing surfaces. 

E3 Install or Connect (Figure C2-12) 
1. New gaskets on runners and intake manifold. 
2. Left side runners and run,ner to manifold bolts. 

Finger tighten only. 
3. Left side manifold to runner bolt. 

l~I Tighten 
• Manifold to runner bolt to 34 N ·m (25 lb.ft.) 

4. Right side runners, runner to manifold bolts and 
manifold to runner bolt. 

Finger tighten only. 
5. Intake plenum and runner to plenum bolts. 

l~J Tighten 
A. Runner to manifold bolts to 34 N ·m (25 

lb.ft.)* 
B. Manifold to runner bolt to 34 N·m (25 lb.ft.) 

C. Runner to plenum bolts to 34 N·m (25 lb.ft.)* 
*Start in center and work outward. 

6. EGR solenoid., 
7. PCV valve and hose. 
8. Power brake vacuum hose to fitting on plenum. 
9. Left/right injector electrical harnesses, attaching 

nuts, and injector electrical connectors. 
10. TPS and IACV electrical connectors. 
11. Throttle body with (4) attaching bolts. 

l~I Tighten 
• Throttle body attaching bolts to 24 N ·m (18 

lb.ft.) 

12. A.I.R.hoses to air management valve. 
13. Lower coolant hose to throttle body. 
14. Vacuum hoses. 
15. Throttle body to mass air flow sensor duct. 
16. Throttle cable bracket. 
17. Throttle, T.V., and cruise control cables. 
18. Refill radiator. 
19. Negative battery terminal. 

FUEL RAIL ASSEMBLY 

An eight digit identification number is stamped 
on the fuel rail assembly, as shown in Figure C2-13. 
Refer to this model identification number if servicing 
or part replacement is required. 

Na mes of component parts will be found on the 
numbered list that accompanies the disassembled 
view, (Figure C2-15). 

CAUTION: To reduce the risk of fire and 
personal injury that may result 
from a fuel leak, always replace 
O-ring seals . exposed during 
component service. 

NOTICE: • Use care in removing the fuel rail 
a$sembly, to prevent damage to the 
injector electrical connector terminals 
and the injector spray tips. When 
removed, support the rail to avoid 
damaging its components. 

• Prevent dirt and other contaminants 
from entering open lines and passages. 
Fittings should be capped, and holes 
plugged, during servicing. 

~ Cleaning 
Before removal, the fuel rail assembly may be 

cleaned with a spray type engine cleaner, GM X-30A 
or equivalent, following package instructions. Do not 
soak fuel rails in liquid cleaning solvent. 
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IT] AIR PLENUM 

W GASKETS 

W PLENUM BOLTS TIGHTEN TO 25 N·m (19 LB. FT.I 
854247-6E 

Figure C2·12 • Intake Plenum/Runners 

r;:;J Remove or Disconnect 
(FiguresC2-12, 14) 
1. Negative battery terminal. 
2. Relieve fuel system pressure. 
3. Intake plenum and runners. 
4. Fuel feed and return lines. 

Use a back-up wrench to support fuel rail tube 
fittings. 

5. Fuel line 0-rings (1, 2), and.discard. 
6. Fuel tube bracket bolt. 
7. Vacuum line at pressure regulator. 
8. Injector electrical connectors. 
9. Fuel rail attaching bolts. 
10. Fuel rail assembly. 

1±1 Disassemble (Figure C2-15) 
• Injector O-ring seal (86) Crom spray tip end of each 

injector. Discard seals. 

f:il-Assemble (Figure C2~15) 
~ubricate new injector 0-ring seals (86), and 

install on spray tip end of each injector. 

l+;f Install or Connect (Figures C2-12, 14) 
H,uel rail assembly in intake manifold. 
2. Fuel rail attaching bolts, and fuel tube bracket 

bolt. 

~ 

IDENTIFICATION NUMBER~ _-> 

I I I1I I I I II-souRCE ~ODE 
~ [L L .sHJFT IDENTIFIcATION 

OF ASSEMBLY PLANT CODE 
YEAR YEAR 

NOT ALL PRODUCTION INFORMATION 
-MAY BE SHOWN 

9P106S-AS 

Figure C2°13 • Fuel Rail Assembly Identification 

!~I Tighten 
• Fuel rail attaching bolts to 20 N·m (15 lb.ft.) 
• Fuel tube bracket bolt to 34 N·m (25 lb.ft.) 

3. Injector electrical connectors. 
Rotate injector(s) as required to avoid 
stretching wire harness. 

4. Vacuum line to pressure regulator. 
5. New 0-rings (1, 2) on fuel feed and return lines. 
6. Fuel lines. 
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DJ FUEL RAIL ASSEMBLY [TI FUEL TUBE BRACKET BOLT 

(]] FUEL RAIL ATTACHING BOLT 5S 1821-6E 

Figure C2-14- Fuel Rail Removal and Installation 

l~I Ti~hten 
• Fuel line nuts to 27 N·m (20 lb.ft.) 
• Use a back-up wrench to support fuel rail tube 

fittings. 

IL•I Inspect 
A. Temporarily connect negative battery 

terminal. 
B. With engine "OFF" and ignition "ON," check 

for fuel leaks. 
C. Disconnect negative battery terminal. 

7. Intake plenum and runners. 
8. Negative battery terminal. 

FUEL PRESSURE CONNECTION ASSEMBLY 

~ Clean 
• Area around fuel pressure connection with GM X-

30A or equivalent . . 

l+-+I Remove or Disconnect (Figure C2-16) 
1. Negative battery terminal. 
2. ~lieve fuel system pressure. 
3. Fuel pressure connection (26) and seal (27). 

E3 Install or Connect(Figure C2-16) 
1. New seal (27) on fuel pressure connection (26) . 
2. Fuel pressure connection in fuel rail. 

l~I Tighten 
• Fuel pressure connection to 13 N·m (115 

lb.in.). 

3. Negative battery terminal. 

IL•l tnspect 
• With engine "OFF" and ignition "ON," check 

for fuel leaks. 

FUEL INJECTORS 

CAUTION: To reduce the risk of fire and 
personal injury that may result 
from a fuel leak, always replace 
O-ring seals exposed during 
component service. 

NOTICE: Use care in removing injectors to prevent 
damage to the electrical connector pins on 
the injector and the nozzle. The fuel 
injector is serviced as a complete assembly 
only. Since it is an electrical component, it 
should not be immersed in any type of 
cleaner. 

r◄::;J Remove or Disconnect 
(figuresC2-12, 14, 17) 
1. Negative battery terminal. 
2. Relieve fuel system pressure. 
3. Intake plenum and runners. 
4. Fuel rail assembly. 
5. Rotate injector retainer clip (87) to release 

position. 
6. MPFI injector assembly (80). 

m lmportant{Figure C2-18) 
• There are two injector part numbers used in 

production for the 5.0L VS engine, and two 
different part numbers for the 5.7L VS engine. Do 
Not intermix injectors with different part 
numbers, as this will result in engine roughness 
and excessive emissions. 

• When ordering individual repla~ement fuel 
injectors, be sure to order the identical part 

· number that is inscribed on the old injector. If a 
complete set of injectors is being replaced, either 
part number specified. for that engine application 
maybe used. 

l+t+I Disassemble (Figure C2-15) 
I. Injector 0-ring seals (86) from both ends of 

injector, and discard. 
2. Injector retainer clip (87). 
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m m 
(Ju 
mJ 
rnJ 
00 
00 
[ill 
~ 
[BQ] 
I 224 I 
~ 
[ill] 
~ 

0-ring - Fuel Inlet Line mil 
O-ring - Fuel Return Line I 240 I 
Fuel Pressure Connection Assembly [lliJ 
Seal - Fuel Pressure Connection [ili] 
Cap - Fuel Pressure Connection ~ 
MPFI Injector Assembly ffi!J 
Seal - O-ring - Injector I 2ss I 
Clip- Injector Retainer ~ 
Fuel Rail and Plug Assembly (LH ~ 
Fuel Rail and Tube Assembly {Rf:i) [ffi] 
Seal - O-ring - Fuel Outlet Tube [E] 
Tube - Front Crossover [ffi] 
Seal • O-ring - Front Crossover Tube [ill] 
Retainer• Crossover Tube 

Screw Assembly- Retainer Attaching 

Pressure Regulator and Base Assembly 

Connector - Base to Rail 

Seal• O-ring- Connector 

9P 0137XV 

3-23-iB 

Bracket - Pressure Regulator and Base Assembly 

Screw Assembly- Bracket to Rail Attaching 

Screw Assembly- Bracket to Base Attaching 

Tube - Rear Crossover 

Seal - O-ring - Crossover Tube 

Retainer - R_ear Crossover Tube 

Screw Assembly - Retainer to LH Rail 

Screw Assembly - Retainer to Base 

Screw Assembly - Base to RH Rail 

Figure C2-15 - Model R810 Fuel Rail Assembly 
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.m-ij 

\:t:le- r.7 
-:i..¢-' ~ 

~-·· 

IJ] FUEL PAESSU;E CONNE~~ION ASSEMBLY CAP 

[II FUEL PRESSURE CONNECTION ASSEMBLY 

m FUEL PRESSURE CONNECTION ASSEMBLY SEAL 

0FUELRAIL 

8P0938-AS 

Figure 0-16 - Fuel Pressure Connection 

(r...... • IIELEASE 

!aoj MPFI INJECTOR ASSEMBLY 

js7 !CUP - INJECTOR RETAINER 
9P1063·AS 

Figure 0-17 - MPFI Injector and Retainer Clip 

III Assemble (Figure C2-15) 
1. Lubricate new injector O-ring seals (86) with 

engine oil, and install on injector. 
2. New retainer clip (87) onto injector. 

E3 Install or Connect (Figures C2-12, 14, 17) 
1. MPFI injector assembly (80) into fuel rail injector 

sock.et, with electrical connector facing outward. 
2. Rotate injector retainer clip (87) to locking 

position. 
3. Fuel rail assembly. 

IL•! Inspect 
A. Temporarily connect negative battery 

terminal. 
B. With engine "OFF" and ignition "ON," check 

for fuel leaks. 
C. Disconnect negative battery terminal. 

LI) FUEL INJECTOR {TOP VIEW) 

W PART NUMBER IDENTIFICATION 

[I] BUIL00ATECODE ~ DAY 

!..£..J MONT... ITJ YEAR 
8P0931-AS 

Figure 0-18- Injector Part Number Locati.on 

4. Intake plenum and runners. 
5. Negative battery terminal. 

PRESSURE REGULATORASSEMBL Y 

CAUTION: To reduce the risk of fire and 
personal in,·ury that may result 
from a fuel eak, always replace 
0-ring seals exposed during 
component service. 

[I] Important 
• The pressure regulator and base are serviced as a 

complete assembly only. Do not attempt to 
remove regulator cover. 

~ Remove or Disconnect 
(FiguresC2-12, 14, 15) 

1. Negative battery terminal. 
2. Relieve fuel system pressure. 
3. Intake plenum and runners. 
4. Fuel rail assembly. 
5. Rear crossover retainer to regulitor base 

attaching screw (273) and retainer (270). 
6. Rear crossover tube (265) and 0-ring (267) Crom 

regulator base. 
Discard 0-ring. 

7. Pressure regulator bracket screws (256), (258) and 
bracket (255). 

8. Pressure regulator base to rail screw (275). 
9. Pressure regulator and base assembly (240): 

• Separate regulator base fromfuel rail, then 
disconnect Crom fuel outlet tube. 

10. Fuel outlet tube 0-ring (224), and discard. 
11. Base to rail connector (250). 
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l(+I Disassemble (Figure C2-15) 
• O-rings (252) from base to rail connector (250). 

~ Assemble (Figure C2-15) 
• Lubricate and install new base to rail connector O-

rings (252). 

E3 Install or Connect (Figures C2-12, 14, 15) 
1. Base to rail connector (250) in regulator base. 
2. Lubricate new outlet tube O-ring (224), and 

install on end of tube. 
3. Pressure regulator and base assembly (240): 

• Connect regulator base to fuel outlet tube, 
then to fuel rail. 

4. Base to rail screw (275). 
Finger tighten only. 

5. Pressure regulator bracket (255) with attaching 
screws (256), (258). 

Finger tighten only. 
6. Lubricate new rear. crossover tube O-ring (267), 

and install on end of tube. 
7. Rear crossover tube (265) to regulator base. 
8. Crossover tube retainer (270) with attaching 

screw (273). 
Finger tighten only. 

l~I Tighten 
• All attaching screws to 5.0 N.m (44 lb.in.) 

9. Fuel rail assembly. 

IL•I Inspect 
A. Temporarily connect negative battery 

terminal. 
B. With engine "OFF" and ignition "ON," check 

for fuel leaks. 
C. Disconnect negative battery terminal. 

10. Intake plenum and runners. 
11. Negativ~ battery terminal. 

THROTTLE BODY ASSEMBLY 

The throttle body assembly repair procedures 
cover component replacement with the unit on the 
vehicle. However, throttle body replacement requires 
that the complete unit be removed from the engine. 

An eight digit part identification number is 
stamped .on the bottom of the throttle body casting 
next to the coolant cover (Figure C2-19). Refer to this 
number if servicing, or part replacement is required. 
For ide.ntification of parts during repair, refer to the 
disassembled view (Figure C2-21). 

H~ENTIFICATION 
NUMBER 

11111111 1 ~ SOURCE CODE 

~ [TL.- LsH1FT IDENTIFICATION 

y~fR ASSEMBLY PLANT CODE · · 
YEAR 

NOT ALL PRODUCTION INFORMATION 
MAYBE SHOWN 9P1066·AS 

Figure C2-19-Throttle Body Identification 

[I] GASKET m THROTTLE BODY ASSEMBLY 

DJ BOLT 

11] IDLE AIR CONTROL (IAC) VALVE 55 1822-6E 
(]] THROTTLE POSITION SENSOR (TPS) 

Figure C2-20 - Throttle Body Removal 

~ Cleaning 
• · The throttle bore and valve deposits may be 

cleaned on-vehlcle, using carburetor cleaner and a 
parts cleaning brush. . Do Not use a cleaner that 
contains Methyl Ethyl Keytone. It is an 
extremely strong solvent, and not necessary for 
this type of deposit. 

• The throttle body metal parts may be cleaned 
following disassembly, in a cold immersion-type 
cleaner such as GM X-55 or equivalent. 

NOTICE: The Throttle Position Sensor (TPS) and 
Idle Air Control (IAC) valve should NOT 
come in contact with solvent or cleaner, as 
they may be damaged. 
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Throttle Body R/R 

a Remove or Disconnect (Figure 0-20) 
1. Negative battery terminal. 
2. Partially drain cooling system to allow hoses at 

throttle body to be removed. 
3. Throttle body to mass air flow sensor duct. 
4. IAC valve and TPS electrical connectors. 
5. Vacuumlines. 
6. Coolant hoses from throttle body. 
7. Throttle, T. V. ( transmission control), and cruise 

control cables. 
8. Throttle body attaching bolts 
9. Throttle body assembly and flange gasket. 

Discard gasket. 

(!;zl Clean 

NOTICE: Use care in cleaning old gasket material 
from machined aluminum surfaces. Sharp 
tools may damage sealing surfaces. 

• Gasket sealing surfaces. 

E3 Install or connect (Figure C2-20) 
1. Throttle body assembly with new flange gasket. 
2. Throttle body attaching bolts. 

l~I Tighten 
• Throttle body attaching bolts to 24 N ·m (18 

lb.ft.) 
3. Throttle, T.V., and cruise control cables. 

rn Important 
• · Make sure throttle and cruise control cables do 

not hold throttle open. Refer to Section 6C 
"Engine Fuel" for additional information on 
accelerator controls. 

4. Coolant hoses to throttle body. 
5. Vacuum lines. 
6. IAC valve and TPS electrical connectors. 
7. Throttle body to mass air flow sensor duct. 
8. Refill radiator. 
9. Negative battery terminal. 

IL•I Inspect 
• With the engine .. OFF," check to see that the 

accelerator pedal is free: 
Depress pedal to the floor and release. 

THROTTLE POSITION SENSOR (TPS) 

E3 Remove or Disconnect (Figure C2-22) 
1. Electrical connector. 
2. TPS attaching screws (21) and retainers (22). 
3. Throttle Position Sensor (TPS) (20). 

NOTICE: The TPS is an electrical component and 
must not be soaked in any liquid cieaner 
or solvent, as damage may result. 

E3 Install or Connect (Figure C2-22) 
1. With throttle valve in the closed position, install 

the throttle position sensor (20) on the throttle 
body assembly, making sure TPS lever lines up 
with the TPS drive lever on the throttle shaft. 

2. TPS attaching screws (21) and retainers (22). 
Finger tighten only. 

llf Adjust 
• If replacing TPS, refer to adjustment procedure 

found in Section "6E3-Cl. 
• If transferring TPS to a new throttle body, refer to 

adjustment procedure in "Throttle . Body 
Replacement" procedure. 

IDLE AIR CONTROL (IAC) VALVE 

a Remove or Disconnect (Figure 0-23) 
1. Electrical connector. 
2. IAC valve assembly (70) and gasket (71). 

Discard gasket. 

NOTICE: On IAC valves that have been in 
service: Do Not push or pull on the 
IAC valve pintle . The force 
required to move the pintle may 
damage the threads on the worm 
drive. 
Also, Do Not soak IACV in any 
liquid cleaner or solvent, as damage 
may result. 

~ ll•I Cleaning and Inspection 
• Both original and replacement IAC _valves have a 

special factory applied thread locking compound 
applied to the screw threads. If the valve removed 
from the throttle body is being reinstalled, Do Not 
try to remove any of the thread locking compound 
that may be remaining on the threads. 

• Clean IACVgasket sealing surface, pintle valve 
seat and air passage. 

Use carburetor cleaner to remove carbon 
deposits. Do Not use a cleaner that contains 
Methyl Ethyl Keytone. It is an extremely 
strong solvent, and not necessary for this type 
of deposit. 
Shiny spots on the pintle or seat are norm.al, 
and do not indicate misalignment or a bent 
pintle shaft. 
If air passage has heavy deposits, remove 
throttle body for complete cleaning. 
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m Gasket- Flange rn Throttle Body Assembly m Plug• Idle Stop Screw m Screw Assembly - Idle Stop 

[ii] Spring - Idle Stop Screw Assembly 

l]Q] Sensor- Throttle Position (TPS) 

l:li:J Screw Assembly - TPS Attaching 

[liJ Retainer-TPS Attaching Screw 

mJ· Cover- dean Air 

9P0138XV 
3-XX-M 

(![I Screw Assembly- dean Air Cover Attaching 

(]'[] Gasket - Clean Air Cover 

C!LJ IACV / Coolant Cover Assembly 

@ Screw Assembly- IACV Cover Assembly to 

Throttle Body 

@J Gasket• IACV I Coolant Cover to Throttle Body m Valve Assembly- Idle Air Control (IAC) 

(JI] Gasket• IAC Valve Assembly 

Figure C2-21 - Model 8210 Throttle Body Assembly 
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OJ THROTILE BODY ASSEMBLY 

(!] THROffLE POSITION SENSOR (TPS) 

m TPS RETAINER 

[!] TPS Aff ACHING SCREW IP0935-AS 

Figure 0-22 - Throttle Position Sensor 

0 DISTANCE OF PINTLE EXTENSION 

[[] DIAMETER AND SHAPE OF PINTLE 

@J IAC VALVE GASKET 
9P 1058-AS 

Figure 0-23 • Idle Air Control Valve Assembly 

rn Important 
• If installing a new IAC valve, be sure to replace 

with an identical part. IACV pintle shape and 
diameter are designed for the specific application. 

l'ii1 Measure (If Installing a New IAC Valve) 
(figure C2-23) 

• Distance between tip of IAC valve pintle and 
mounting surface. 
- If greater than 28 mm, use finger pressure to 

slowly retract the pintle. The force required to 
retract the pintle of a new valve will not cause 
damage to the valve. 

E3 Install or Conned (Figure C2-23) 
1. IAC valve assembly (70) with new gasket (71). 

l~I Tighten 
• IAC valve to 18 N.m (13 lb. ft.) 
• Use a socket or box wrench on valve hex. 

2. Electrical connector. 
3. Reset IAC valve pintle position: 

a. Depress accelerat.or pedal slightly. 
b. Start and run engine for five seconds. 
e. Turn ignition "OFF" for ten seconds. 
d. Restart engine and check for proper idle 

operation. 

IDLE AIR CONTROL/COOLANT COVER 
ASSEMBLY 

E3 Remove or Disconnect 
{Figures C2-20, 24) 

1. Negative battery terminal. 
2. Throttle body from engine. 
3. IAC valve assembly (70) and gasket (71). 

- Discard gasket. 
4. IACV cover assembly screws (62). 
5. Cover assembly (61) and gasket (63). 

- Discard gasket. 

~ Cleaning and Inspection 
• Clean gasket sealing surface.~ 
• Inspect gasket sealing surface for corrosion or 

damage that would cause a coolant leak. Replace 
cover assembly or throttle body if necessary. 

J::;;i Install and Conned 
(Figures C2-20. 23, 24) 

1. New IACV/coolant cover gasket (63). 
2. IACV cover assembly (61). 
3. IACV cover screws (62). 

l~I Tighten 
• IACV cover screws to 3.0 N •m (27 .0 in. lbs.). 

Iii) Measure _ 
(If Installing a New IAC Valve) 

(Figure C2-23) 

• Distance between tip of IAC valve pintle and 
mounting surface. 

- If greater than 28 mm, use finger pressure to 
slowly retract the pintle. The force required to 
retract the pintle of a new valve will not cause 
damage to the valve. 

5. IAC valve assembly (70) with new gasket (71). 
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OJ THROTTLE BODY ASSEMBLY 

[I) IACY/COOLANT COYER ASSEMBLY 

(!] IACV/COVER ASSEMBLY TO THROTTLE BODY 
SCREW ASSEMBLY 

(I] IACYALVEGASKET 

(!] IDLE AIR CONTROL (IAC) VALVE ASSEMBLY 

[!) IACV /COOLANT COVER TO THROTTLE BODY 
GASKET 

8P0954-AS 

Figure C2-24 - Idle Air Control/Coolant Cover 

~ Tighten 
Assembly 

• Valve to 18 N.m (13 lb. ft.) 
• Use a socket or box wrench on valve hex. 

6. Throttle body onto engine. 
7. Negative battery terminal. 
8. Reset IAC valve pintle position: 

a. Depress accelerator pedal slightly. 
b. St.art and run engine for five seconds. 
c. Turn ignition "OFFn for ten seconds. 
d. Restart engine and check for proper idle 

operation. 

CLEAN AIR COVER AND GASKET 

E3Remove or Disconnect(Figure C2-21} 
1. Clean air cover attaching screws (42). 
2. Clean air cover (41) and gasket (43). 

Discard gasket. 

~ Clean 
• Gasket sealing surfaces. 

EJ Install and Connect (Figure C2-21} 
1. New clean air cover gasket (43) on throttle body. 
2. Clean air cover (41). 
3. Clean air cover attaching screws (42). 

l~I Tighten ·. 
• Clean air cover attaching screws to 3.4 N.m (30 

lb.in.) 

THROTTLE BODY REPLACEMENT 

E3 Remove or Disconnect (Figure C2-20) 
I. Negative battery terminal. 
2. Throttle body from engine. 

IL•I Inspect 
• Replacement throttle body for items that will need 

to be transferred from old unit. 

l(+I Disassemble 
• Throttle body removed from engine, following 

component repair procedures. 

II) Assemble 
• Replacement throttle body with transferred parts, 

following component repair procedures. 

EJ Install or Connect (Figure C2-20) 

1. Replacement throttle body onto engine. 
2. Negative battery terminal. 
3. Adjust TPS and minimum idle speed. 

[I] Important 

• Minimum idle speed should only be adjusted when 
installing a replacement throttle body. 

• The idle stop screw is used to regulate minimum 
idle speed of the engine. On original equipment 
throttle bodies, it is adjusted at the factory, then 
covered with a plug to discourage unnecessary 
readjustment. 

NOTICE: The minimum idle speed atijustment is 
critical to vehicle performance and 
component durability. Incorrect 
minimum idle speed adjustment (too 
high), will cause the IAC valve pintle 
to constantly bottom on its seat, and 
result in early valve .failure. If 
minimum idle speed is adjusted too 
low, the vehicle may not start in cold 
weather or may stall during warm-up. 

llJ Adjust . 
1. Block drive wheels, and apply parking brake. 
2. Connect a "SCAN" tool to the ALDL connector. 
3. Twn ignition to "ONn position. 
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4. Select "TPS" voltage display on "Scan" tool, and 
adjust TPS to obtain 0.54±0.08 volt. 
- Tighten attaching screws enough to hold TPS 

in place. Readjustment may be required 
following minimum idle speed adjustment. 

5. Select "Field Service Mode" on "SCAN" tool (refer 
to "SCAN" tool instructions). This will cause IAC 
valve pintle to seat in throttle body (closing air 
passage). Wait at least 45 seconds, disconnect IAC 
valve connector, then exit "Field Service Mode." 

6. Disconnect distributor set-timing connector. 

[I] Important 
• The distributor set-timing connector must be 

disconnected to fix spark-advance at base 
timing. This eliminates the possibility or 
changes in engine speed due to changes in 
timing. 

7. Place transmission in "Park" (A/I') or ''Neutral" 
(Mfl'). Start and run engine until it reaches 
normal operating temperature, and "Closed-Loop" 
operation as read on the "SCAJ."i" tooL · 

It may be necessary to hold throttle open 
slightly to maintain idle. 

8. Select "Engine rpm" on "SCAN" tool, and read 
engine speed: 

[I] Important 
• Engine should be at normal operating 

temperature and in"Closed-Loop." 
• Accessories (A/C, rear defog, etc.), and engine 

cooling fan should-be "OFF." · 
• Make sure throttle and cruise control cables do 

not hold throttle open. 
• Idle speed should be 425 ± 25 rpm. 

9. Adjust minimum idle speed if necessary. 
10. Turn ignition "OFF." 
11. Connect IAC valve electrical connector and 

distributor set-timing connector. 
12. Turn ignition to "ON" position, and recheck TPS 

voltage on "SC~" tool. Adjust if necessary, to 
obtain 0.54±0.08 volt. 
• Tighten TPS attaching screws to 2. 0 N ·m 

(IS lb.in.). Make sure adjustment did not 
change after tightening screws. 

i3. Reset IAC valve pintle position: 
a . Depress accelerator pedal slightly. 
b. Start and run engine for five seconds. 
c. Turn ignition "OFF" Cor ten seconds. 
d. Restart engine and check Cor proper idle 

operation. 
· 14. Disconnect "SCAN" tool. 
15. Remove block from drive wheels. 

PARTS INFORMATION 

PART NAME GROUP 
Injector, fuel • • • • • • • • • • • • • • • • • • • • • • • • • 3 .. 300 
Pump, Fuel (In-Tank) • • • • • • • • • • • • • • • • • • 3.900 
Relay, Fuel Pump • • • • • • • • • • • • • • • • • • • • • 3.900 
Switch, Oil Pressure. • • • • • • • • • • • • • • • • • • • 1.800 
Valve Asm, Idle Air Control: Part 

Of Control Kit, Idle Air Valve •••••••••• • 3.820 
Regulator, Fuel Pressure • • • • • • • • • • • • • • • • 3.164 
Rail, Fuel Feed • • • • • • • • • • • • • • • • • • • • • • • 3.330 
0-rings, Fuel Lin~s •••••••••••••••••••• 3.163 

TORQUE SPECIFICATIONS 

Manifold to Runner Bolts •••••• 34. 0 N ·m (25 lb.ft.) 
Runner to Manifold Bolts •••••• 34. 0 N ·m (25 lb.fl) 
Power Brake Vacuum Fitting •• 12.2 N ·m (108 lb.in.) 
Fuel Line Nuts •••••••••••••• 27.0 N·m (20 lb.ft.) 
Fuel Tube Bracket Bolt ••••••• 34.0 N·m (25 lb . .ft.) 
Fuel Rail Attaching Bolts ••••• 20.0 N·m (15 lb.ft.) 
Fuel Pressure Connection •••• 13.0 N·m (115 lb.in.) 
Pressure Regulator Base to Rail •• 5.0 N ·m (44 lb.in.) 
Pressure Regulator Bracket ••••• 5.0 N-m (44 lb.in.) 
Crossover Tube Retainer Attach.5.0 N·m (44 lb.in.) 
Outlet Tube to R/H Rail Retainer.5.0 N·m (44 lb.in.) 
Throttle Body Attach. Bolts •••• 24.0 N·m (18 lb.ft.) 
Throttle Position Sensor ••••••• 2.0 N ·m (18 lb.in.) 
Idle Air Control Valve •••••••• 18.0 N·m (13 lb.ft.) 
IACV/Coolant Cover Assembly •• 3.0 N •m (27 lb.in.) 
Clean Air Cover Attaching ••••• 3.4 N·m (30 lb.in.) 
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CHARTC-2A 
INJECTOR BALANCE TEST 

The injector balance tester is a tool used to turn the injector ·on for a precise 
amount of time, thus spraying a ~easured amount of fuel into the IIUlajfold. 
This causes a drop in fuel rail pressure that we can record and compare between 
each injector. All injectors should have the same amount of pressure drop ( ± 10 
kpa). Any injector with a pressure drop that is 10 kpa (or more) greater or less 
than the average drop of the other injectors should be considered faulty and 
replaced. 

STEP1 
Engine "cool down" period (10 minutes) is necessary to .avoid irregular 

readings due to "Hot Soak" fuel boiling. With ignition "OFF" connect fuel gauge 
J 34730l or equivalent to fuel ·pressure tap. Wrap a shop towel around fitting 
while connecting gage to avoid fuel spillage: 

Disconnect harness connectors at all injectors, and connect injector tester J 
34730-3, or equivalent, to one injector. On Turbo equipped engines, use adaptor 
harness furnished with injector tester to energize injectors that are not 
accessible. Follow manufacturers instructions for use of adaptor harness. 
Ignition must be "OFF" at least 10 seconds to complete ECM shutdown cycle. 
Fuel pump should run about 2 seconds after ignition is turned .. ON ... At this 
point, insert clear tubing attach,ed to vent valve into a suitable container and 
bleed air from gauge and hose to insure accurate gauge operation. Repeat this 
step until all air is bled from gauge. 

STEP2 
Turn ignition "OFF" for 10 seconds and then "ON" again to get fuel pressure 

to its maximum. Record this initial pressure reading. Energize tester one time 
and note pressure drop at its lowest point (Disregard any slight pressure 
increase after drop hits low point). By subtracting this second pressure reading 
from the initial pressure, we have the actual amount of injector pressure drop. 

STEP3 
Repeat step 2 on each injector and compare the amount of drop. Usually, good 

injecto_rs will have virtually the same drop. · Retest any injector that has a 
pressure difference of l0kPa, either more or less than the average of the other 
injectors on the engine. Replace any injector that also fails the retest. If the 
pressure drop of all injectors is within l0kPa of this average, the injectors 
appear to be flowing properly. Reconnect them and review "Symptoms", Section 
"B". 

NOTE: The entire test should not be repeated more than once without 
running the engine to prevent flooding. (This includes any retest on 
faulty injectors). 
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NOTE: If injectors are suspected of being dirty, 
they should be cleaned using an 
approved tool and procedure prior to 
performing this test. The fuel pr~ssure 
test in Section "A", ChartA-7, should be 
completed prior to this test. 

CHARTC-2A 
INJECTOR BALANCE TEST 

5.0L (VIN F) & 5.7L (VIN 8) •F• CARLINE 
(PORTI 

Step 1. If engine is at operating temperature. allow a 10 minute .. cool down• period then connect 
fuel pressure gauge and injector tester. 
1. Ignition HOFF." 
2. Connect fuel pressure gauge and injector tester. 
3. Ignition •oN ... 
4. Bleed off air in gauge. Repeat until all air is bled from gauge. 

Step 2. Run test: 

Step 3. 

1. Ignition •oFF" for 10 seconds. 
2. Ignition •oN'". Record gauge pressure. (Pressure must hold steady. if not see the Fuel 

System diagnosis. Chart A-7, in Section HA"). 
3. Turn injector on. by depressing button on injector taster, and note pressure at the instant 

the gauge needle stops. · 

1. Repeat step 2 on all injectors and record pressure drop on each. 
Retest injectors that appearfaulty (Any injectors that have a 10 kPa difference, either 
more or less. in pressure from the average). If no problem is found. review •symptoms• 
Section •a•. 

INJECTOR 

CONNECTOR 

TESTER 
J 3473()..3 

EXAMPLE 

{INITIAL PRESSURE) 

· GAUGE 

J34730-1 

+ 
BATTERY 

CYLINDER 1 2 3 4 5 6 
1STREADING 225 225 225 225 225 225 

2NDREADING 100 100 100 90 100 115 
AMOUNT OF DROP 125 125 125 135 125 110 

OK OK OK FAUL TY, RICH OK FAUL TY, LEAN 
(TOO MUCH) (TOOUmE) 
(FUEL DROP) {FUEL DROP) 

4-6-88 *ss 1,11-6E 
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ECM 

1------------ LTBlUIWHT 441 IACCOIL "A" HI 

IAC COIL" A" LO ' 

IAC COIL •a- HI 

IACCOIL "l"LO 

.,__ __________ LTIW/8UC 442 

.__ __________ LTGRN/WHT443 

1------------ LTGRNIIILK444 

5-12-87 
*4S0782-6£ 

CHARTC-2C 
IDLE AIR CONTROL(IAC) SYSTEM CHECK 

5.0L (VIN F) & 5.7L (VIN 8) ,.F,. CARLINE (PORT) 
Circuit Description: · 

The ECM will control engine idle speed by moving the IAC valve to control air flow around the throttle 
plates. It does this by sending voltage pulses to the proper motor winding for each IAC motor. This .will cause 
the motor shaft and valve to move "IN" or "OUT" of the motor a given distance for each pulse received. ECM 
pulses are referred to as "counts". · 
• To increase idle speed - ECM will send enough counts to retract the IAC valve and allow more air to flow 

through the idle air passage and bypass the throttle plates until idle speed reaches the proper rpm. This will 
increase the ECM counts. 

• To decrease idle speed - ECM will send enough counts to extend the IAC valve and reduce air flow througr 
the idle passage around the throttle plates. This will reduce the ECM counts. 
Each time the engine is started and then the ignition is turned "OFF", the ECM will reset the IAC valve 

This is done by sending enough counts to seat the valve. The fully seated valve is the ECM reference zero. A 
given number of counts are then issued to open the valve, and normal ECM control of IAC will begin from this 
point. The number of counts are then calculated by the ECM. This is how the ECM knows what the motor 
position is for a given idle speed. 

The ECM uses the following information to control idle speed. 
• Battery voltage • Engine speed • Coolant temperature 
• Throttle position sensor • PIN switch • A/C clutch signal 

Don't apply battery voltage across the IAC motor terminals. It will permanently damage the IAC motor 
windings. 

Test Desaiption: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Continue with test, even if engine will not idle. ff 

idle is too low, "Scan" will display 80 or more 
counts, or steps. ff idle is high, it will display "O" 
counts. 
Occasionally an erratic or unstable idle may . 
occur. Engine speed may vary 200 rpm or more up 
and down. Disconnect IAC. If the condition is 
unchanged, the IAC is not at fault. There is a 
system problem. Proceed to "Diagnostic Aids" 
below. 

2. When the engine was stopped, the IAC valve 
retracted (more air) to a fixed "Park" position for 
increased air flow and idle speed during the next 
engine start. A .. Scan" will display 140 or more 
counts. 

3. Be sure to disconnect the IAC valve prior to this 
test. The test light will confirm the ECM signals 
by a steady or flashing light on all circuits. 

4. There is a remote possibility that one of the 
circuits is shorted to voltage which would have 
been indicated by a steady light. Disconnect ECM 
and turn the ignition "ON" and probe terminals to 
check for this condition. 

Diagnostic Aids: 
Engine idle speed can be adversely affected by 

following: 

• Park/Neutral Switch - ff ECM thinks the car is 
always in neutral, then idle will not be controlled 
to the specified rpm when in drive range. 

• Leaking injector(s) will cause fuel imbalance and 
poor idle quality due to excess fuel. See CHART 
A-7. 

• Vacuum or crankcase leaks can affect idle. 
• When the throttle shaft or throttle position sensor 

is binding or sticking in an open throttle position, 
the ECM does not know if the vehicle has stopped 
and does not control idle. 

• Check AIR management system for intermittent 
air to ports while in "Closed Loop". 

• In addition to electrical control of EGR, be sure to 
examine the EGR valve for proper seating. 

• Faulty battery cables can result in voltage 
variations. The ECM will try to compensate, 
which results in erratic idle speeds. 

• The ECM will compensate for AJC compressor 
clutch loads. Loss of this signal would be most 
apparent in neutral. 

• Contaminated fuel can adversely affect idle. 
• Perform injector balance test CHART C-2A. 

If all OK, refer to "Rough, Unstable, Incorrect Idle 
or Stalling" "Symptoms" in Section .. B". 
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CHARTC-2C 
IDLE AIR CONTROL {IAC)SYSTEM CH ECK 

5.0L (VIN F) & S.7L (VIN 8) uf .. CARLINE (PORT) 

• A/C MUST BE •off• DURING ENTIRE CHECK. 
• START ENGINE. ENGINE MUST BE AT NORMAL OPERA TING 

TEMP£RATURE. 

• PLAa TRANSMISSION IN DfllVE (A/T) OR NEUTRAL (MIT) . 

• RECORD STEADY ENGINE SPEED. IF IDLE rs ERRATIC OR 
UNSTABLE, REFER TO ·DIAGNOSTIC AIDS· FACING PAGE 
FOR POSSIBLE CAUSES. 

I 
• TURN IGNITION •opp• FOR 10 SECONDS. 
• START ENGINE AND IMMEDIATELY 

OSSERVE RPM IN NEUTRAL 
• 
■ --. 

RPM SAME AS RECORDED IN FIRST STEP I RPM HIGHER THAN RECORDED IN FIRST STEP I 
• IDLE ENGINE FOR 1 MINUTE IN 

DRIVE (A/T) OR-NEUTRAL (MIT). 

• SHIFT TO NEUTRAL (A/T) 

• NOTE ENGINE SPEED 

I WILL NOT RETURN TO RPM RETURNS TO RPM RECORDED IN FIRST STEP I 
RECORDED IN FIRST STEP I 

I IDLE AIR CONTROL ORCUIT OK. 
REFER TO "DIAGNOSTIC AIDS-

• IGNITION •opp• ON FACING PAGE. • DISCONNECT IAC VALVE HARNESS . 

• IGNITION •oN"', ENGINE "OFF • 

• GROUND DIAGNOSTIC TEST TERMINAL • 

• CONNECT A TEST LIGHT BETWEEN EACH IAC VALVE 
HARNESS CONNECTOR TERMINAL AND GROUND. 

-
NOUGHTS, ONE OR I G) LIGHT STEADY 
MORE ORCUITS OR FLASHING ALL 

I ORCUITS 

• CHECK FOR OPEN OR SHORT TO I 
GROUND IN CRCUIT WITH NO LIGHT. FAULTYIAC 
ARE ALL CIRCUITS OKl CONNECTION OR IAC 

I VALVE, OR PLUGGED 

@ 8 PASSAGE. IF LIGHT 
APPEARS TO BE STEADY, 
REFER TO STEP 4 ON 

• CHECK RESISTANa ACROSS IAC VALVE COILS. IT REPAIR WIRING AND l . FAONGPAGE. 

SHOULD BE MORE THAN 20 OHMS BETWEEN IAC RECHECK. 
VALVE TERMINALS "A- & ·B- AND ·c· & "D·. 
,sm 

■ 

s c;J 
FAULTY ECM I 
CONNECTION OR ECM. 

REPLACE IACVALVE I 
AND RETEST. 

CLEAR CODES, CONFIRM ·CLOSED Loop• OPERATION, NO-SERVICE ENGINE SOON" LIGHT. 4-6-88 
•7S3151-6E 
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SECTION C3 
EVAPORATIVE EMISSION CONTROL SYSTEM (EECS) 

CONTENTS 

GENERAL DESCRIPTION .............•. 
PURPOSE ••••••••••••••••••••••••• 

0-1 
0-1 

VAPOR CANISTER ••••••••••••••••••• 0-1 
EVAPORATIVE EMISSION SYSTEM •••••• 0-1 
TANK PRESSURE CONTROL VALVE •••••• C3-2 
RESULTS OF INCORRECT OPERATION • • • • 0•2 

GENERAL DESCRIPTION 

PURPOSE 

The basic Evaporative Emission Control System 
(EECS) used on all vehicles is the charcoal canister 
storage method. This method.transfers fuel vapor from 
the fuel tank to an activated.carbon (charcoal) storage 
device (canister) to hold the vapors when the vehicle is 
not operating. When the engine is running, the fuel 
vapor is purged from the carbon element by intake air 
flow and consumed in the normal combustion process. 

VAPOR CANISTER 

The canister used on these engines has a 
diaphragm operated purge valve and a solenoid to 
control purge (See Figure C3-1). When the engine is 
running, ported manifold vacuum is supplied to the 
top of the purge valve (Control Vacuum Signal) which 
lifts the valve· diaphragm and opens the valve when 
the throttle is above a specified opening. The lower 
tube on the purge val~e (PCV tube) is connected to the 
solenoid valve. 

EVAPORATIVE EMISSION SYSTEM 

Under cold engine or idle conditions, the solenoid 
is turned .. ON" by the ECM, which closes the purge 
passage preventing canisier purge. The ECM turns 
"OFF" the solenoid valve and allows purge when the 
following occur: 

- The engine is warm. 
- After the engine has been running a specified 

length oftime. 
- The vehicle is above a specified road speed. 
- Throttle valve is past a specified opening. 

DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • 0-2 
VISUAL CHECK OF CANISTER •••••••••• 0-2 
FUNCTIONAL TEST • • • • • • • • • • • • • • • • • • 0-2 

Vapor canister Purge Valve • • • • • • • • 0-2 
Tank Pressure Control Valve • • • • • • • • 0-2 

ON-CAR SERVla • • • • • • • • • • • • • • • • • • • • • 0-3 
FUEL VAPOR CANISTER R/R.. • • • • • • • • • • 0-3 
FUEL VAPOR CANISTER SOLENOID R/R •••• 0-3 
CANISTER HOSES •••••••••••••••••••• 0-3 

PARTS INFORMATION ••••••••••••••••• C3-3 

(I] CONTROL VAC 

[!] SOLENOID 

I[] VAPOR FROM FUEL 
TANK 

EJ VACUUM FROM TUBE #6 

[] MANIFOLD VACUUM 

[[] SOLENOID VAQJUM 

*&s 2733-&E 

Figure Cl-1 - Vapor canister 
With Non-Encapsulated Solenoid 
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The "CONTROL VAC" tube on the purge valve of the 
canister is connected to a ported vacuum source. 
When the engine is above idle speed, sufficient 
vacuum is available to open the purge valve 
diaphragm. Vapors are purge through the solenoid to 
the combustion chamber. 

This system also has a Tank Pressure Control 
Valve to control the flow of vapors to the canister. 

TANK PRESSURE CONTROL VALVE 

The Fuel Tank Pressure Control Valve (Figure 
C3-3) is located near the canister and is connected to 
the fuel tank vapor line. When the engine is running, 
manifold vacuum is supplied to the control vacuum 
tube and the valve is opened allowing fuel vapors too 
vent to the canister. When the engine is "OFF", the 
valve closes and vapors tend to remain in the tank. 

RESULTS OF INCORRECT OPERATION 

Poor idle, stalling and poor dri veability can be 
caused by: 

Inoperative purge solenoid 
Damaged canister 
Hoses split, cracked and, or not connected to 
the proper tubes. 

Evidence of fuel loss or fuel vapor odor can be 
caused by: 

Liquid fuel leaking from fuel lines, or fuel 
pump. 
Cracked or damaged canister 
Disconnected, misrouted, kinked, deteriorated 
or damaged vapor hoses, or control hoses. 

DIAGNOSIS 

The canister purge solenoid operation is covered in 
the charts at the end of this section. A failure in the 
solenoid or connections may result in a Code 26. 

VISUAL CHECK OF CANISTER 

Cracked or damaged, replace canister. 

FUNCTIONAL TEST 

Vapor Canister Purge Valve 

Apply a short length of hose to the lower tube of 
purge valve, and atempt to blow through it. Little or 
no air should pass into the canister. (A small amount 

1 DIAPHRAGM 
2 VENT RESTRICTION 
3 CONTROL VACUUM TUBE 
4 TUBE TO FUEL TANK 
5 TUBE TO CANISTER 

10-1-85 
*6S2971•6E 

Figure C3-3 - Tank Pressure Control Valve 

of air will pass if the canister bas a constant purge 
hole). 

With hand vacuum pump, apply vacuum (15"Hg. 
or 51 kPa) through the control valve tube (upper tube}. 
The diaphragm should hold vacuum for at least 20 
seconds. If not the canister must be replaced. If the 
diaphragm holds vacuum, again try to blow through 
the hose connected to the lower tube while vacuum is 
still being applied. An increased flow of air should be 
observed. If not, the canister must be replaced. 

Tank Pressure Control Valve 

With a hand vacuum pump apply vacuum (15" or 
51 kPa} to the control vacuum tube. The diaphragm 
should hold vacuum for at least 20 seconds. If it does 
not hold vacuum the diaphragm is leaking and the 
valve must be replaced. 

With the vacuum still applied to the control 
vacuum tube, apply a short hose to the valve's tank 
tube side, blow into the tube. You should feel the air 
pass through the valve. If the air does not pass 
through, the valve·should be replaced. 
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ON-CAR SERVICE 

FUEL VAPOR CANISTER 

E3 Remove or Disconnect 

1. Hoses from canister. Mark hoses to install on 
new canister. 

2. Canister. 

E3 Install or Connect 

1. Canister as removed. 
2. Hoses. Make sure connections are correct. 

FUEL VAPOR CANISTER SOLENOID 

El Remove or Disconnect 

1. Negative battery cable. 
2. Electrical connector and hoses from solenoid. · 
3. Solenoid. 

[I] THROTTLE BODY m VAPOR RESTRICTION 

m @ FUEL TANK PRESSURE 
VAPOR CANISTER CONTROL VALVE 

@ FUEL TANK I!] CONSTANT PURGE ORIFICE 

E3 Install or Connect 

· 1. Hoses and electrical connector on solenoid. 
2. Solenoid, cover, and bolt. 
3. Negative battery cable 

CANISTER HOSES 

Refer to Vehicle Emission Control Information 
Label for routing of canister hoses. 

PARTS INFORMATION 

PART NAME GROUP 
Canister, Fuel Vapor • • • • • • • • • • • • • • • • • • 3.130 
Solenoid, Fuel Vapor Canister •••••••••• 3.140 
Valve, Fuel Tank Pressure Control ••••••• 3.140 

/ 
E1 

.. . ·.El ... :. . . ... 

IT] PURGE VALVE ~ REMOTE PRESSURE/ 
VACUUM RELIEF VALVE 

[!] PURGE SOLENOID 
ASSEMBLY 

[!] 4-2-87 
PURGE LINE 8P0350•SYE 

Figure C3-4 • Evaporative Emissions Control System Schematic 
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TO CANISTER PURGE VALVE 

-------:◄;.:_ MANIFOLD 
---~- VACUUM 

CANISTER 
PURGE 
SOLENOID 

A B 

N.O. 

I.P. HARNESS CONNECTOR 
(FRONT VIEW) 

'------------- 42B DK GRN/YEL 

GAGE 
39PNK/BLK~ 

I.P. CONNECTOR IGN 
7-31-87 

Circuit Description: 

CHARTC-3 
CANISTER PURGE VALVE CHECK 

2.SL (VIN S) ••F" CARLINE (PORT) 

ECM 

7-31-87 
BS4707-6E 

Canister purge is controHed by a solenoid that allows manifold vacuum to purge the canister when de
energized. The ECM supplies aground to energize the solenoid (purge "OFF"). 

If the diagnostic test terminal is ungrounded with the engine stopped or the following is met with the 
engine running, the purge solenoid is de-energized (purge "ONj. 

• Engine run time after start more than 1 minute. 
• Coolant temperature above 75°C. 
• Vehicle speed above 15 mph. 
• Throttle off idle. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Checks to see if the solenoid is opened or close. 

The solenoid is normally energized in this step; so 
it should be closed. 

2. Checks for a complete circuit. Normally there is 
ignition voltage on CKT 39 and the ECM provides 
a ground on CKT 428. 

A shorted solenoid could cause an open circuit in 
theECM. 

3. Completes functional check by unground.ing test 
terminal. This should normally de-energize the 
solenoid and allow the vacuum to drop (purge 
"ON"). . 
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NOTE: THIS CHART ONLY COVERS THE SOLENOID 

PORTION OF THE CANISTER CONTROL PURGE 

SYSTEM. TO TEST THE CONTROL VALVE(S) SEE 

DIAGNOSIS UNDER GENERAL DESCRIPTION 

• IGNITION •oN•. ENGINE STOPPED. 

0 • GROUND DIAGNOSTIC TERMINAL. 
• DISCONNECT VACUUM HOSES FROM PURGE SOLENOID. 

• AT THE SOLENOID, APPLY VACUUM ( 10• Hg OR 34 kPa) 
TO THROTTLE BODY SIDE OF PURGE SOLENOD. 

U11!1ABLE TO GET 10• Hg OR 34 kPa OF VACUUM. 

© DISCONNECT PURGE SOLENOID. 
CONNECT TEST LIGHT BETWEEN 

HARNESS CONNECTOR TERMINALS. 

• PROBE EACH HAR· 
NESS CONNECTOR 
TERMINAL WITH A 

TESTUGHTTO 

GROUND •• 

UGHT•ON• 

ONE TERMINAL. 

OPEN CKT 428, 

FAULTY 

CONNECTION OR 

FAULTY ECM. SEE 
QUADDRIVER 

CHECIC(CHARTC•1) 

FAULTY SOLENOID 

CONNECTOR OR 
SOLENOID. 

REPAIR SHORT 

TO VOLTAGE 

INCKT428. 

CHECK FOR 

OPEN CICT39. 

CHARTC-3 
CANISTER PURGE VALVE CHECK 

2.8L (VIN S) UF" CARLINE (PORT) 

ABLE TO GET 10• Hg OR 34 lcPa Of VACUUM. 

© • UN GROUND DIAGNOSTIC TERMINAL 

• NOTEVACUUM. 

NO DROP 

• DISCONNECT 
SOLENOID. 

DROPS 

PROBE CKT 428 WITH A 

TEST LIGHT TO 12 VOLTS. 

CKT 428 SHORTED TO 

GROUND OR FAUL TY ECM. 

SEE QUAD DRIVER CHECK 
(CHARTC·1) 

NO TROUBLE FOUND. 

FAULTY SOLENOID 

a.EAR CODES AND CONFIRM ·aoSED Loop• OPERATION AND NO ·sERVICE ENGINE SOON· LIGHT 
7-29-87 
8S4704-iE 
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SECTION C3 
EVAPORATIVE EMISSION CONTROL SYSTEM (EECS)

CONTENTS 

GENERAL DESCRIPTION ···········~··· PURPOSE •·•••••••••••••••••••••• 
FUEL VAPOR CANISTER ••••••••• ~ •••• 
EVAPORATIVE EMISSION SYSTEM •••••• 
FUEL TANK PRESSURE CONTROL VALVE •• 
TANK PRESSURE CONTROL VALVE •••••• 
RESULTS OF INCORRECT OPERATION •••• 

GENERAL DESCRIPTION 

PURPOSE 

C3-1 
C3-1 
C3-1 
C3-1 
C3-2 
C3-2 
0-2 

The basic Evaporative Emission Control System 
(EECS) used on all vehicles is the charcoal canister 
storage method. This method transfers fuel vapor 
from the fuel tank to an activated carbon (charcoal) 
storage device (canister) to hold the vapors when the 
vehicle is not operating. When the engine is running, 
the fuel vapor is purged from the carbon element by 
intake air flow and consumed in the normal 
combustion process. 

FUEL VAPOR CANISTER 

Gasoline vapors from the fuel tank flow into the 
tube labeled tank. Any liquid fuel goes into a 
reservoir in the bottom of the fuel vapor canister to 
protect the integrity of the carbon bed above (Figure 
C3-1). These vapors are absorbed into the carbon. The 
fuel vapor canister is. purged when the engine is 
running above idle speed. Ambient air is allowed into 
the fuel vapor canist.e'r through the air tube in the top. 
The air mixes with the vapor and the mixture is 
drawn into the intake. manifold. 

EVAPORATIVE EMISSION SYSTEM 

The fuel vapor canister is equipped with a 
normally closed solenoid to control canister purge. 
The ECM operates the canister purge solenoid which 
controls vacuum to the purge valve in the charcoal 
canister. Under cold engine or idle conditions, the 
canister purge solenoid is turned "OFF" by the ECM, 
which closes the canister purge solenoid and blocks 
vacuum t.o the canister purge valve. 

DIAGNOSIS •••• ~ ~ • • • • • • • • • • • • • • • • • • C3-2 
VISUAL CHECK OF FUEL VAPOR CANISTER. C3-2 
FUNCTIONAL TEST 

Fuel Vapor Canister Purge Valve • • • • • • C3-2 
Tank Pressure Control Valve • • • • • C3-2 

ON-CAR SERVIG • • • • • • • • • • • • • • • • • C3-3 
FUEL VAPOR CANISTER •••••••••••• 0-3 
FUEL VAPOR CANISTER HOSES ••••••••• C3-3 

PARTS INFORMATION •••••••••••••••• C3·3 

.. ... 
. ... ... .. . 

.. .. . ... . . .. . ... . ... ... . . .... .... ..... 
• ■■■ r .... ... ., ... ... .. .. . 

t 
.. 

I ■■ ■ ■ ■■■ • . . ..... 
••• 111. • •• . ..... . . .... . . ... . ... .. .. . .... .... ... ... . . . . . .. . .. 

m TANKTUBE [!] LIQUIDFUELAREA 

[!] INLET AIR [!] VAPOR STORAGE AREA 

II] PURGE TUBE [!] PURGE SOLENOID 

2-28-86 *7S3164-tE 

Figure 0-1 - Inverted Function Fuel Vapor canister -
With Encapsulated canister Purge Solenoid 
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The ECM turns "ON" the canister purge solenoid and 
allows purge when: 
• Above a specified road speed. 
• Engine is warm 
• After the engine has been running a specified 

time. 
• Above a specified throttle opening. 

This is an ECM feedback system that increases 
purge until the ECM senses a rich condition from the 
oxygen sensor. The purge is then regulated until the 
ECM no longer receives a rich signal from the oxygen 
sensor. This system uses a tank pressure control valve 
to control the flow of vapors from the fuel tank to the 
canister. 

FUEL TANK PRESSURE CONTROL VALVE 

The fuel tank pressure control valve, a 
combination roll-over, integral pressure· and vacuum 
relief valve. When vapor pressure in the tank exceeds 
5 kPa (1" Hg) the valve opens and allows vapors to 
vent to the fuel vapor canister and then be purged. 
When the tank pressure drops below the opening point 
of the valve it will close, keeping vapors in the fuel 
tank. The valve provides vacuum relief to protect 
against vacuum build up in the fuel tank and roll-over 
protection to prevent liquid fuel from entering the fuel 
vapor canister during normal driving maneuvers. 

1 DIAPHRAGM 
2 VENT RESTRICTION 
3 CONTROL VACUUM TUBE 
4 TUBE TO FUEL TANK 
5 TUBE TO CANISTER 

2 5 

10-1-85 
*652971-6E 

Figure C3-2 Fuel Tank Pressure Control Valve 

RESULTS OF INCORRECT OPERATION 

Poor idle, stalling and poor driveability can be 
caused.by: · 

Inoperative canister purge solenoid 
Damaged fuel vapor canister 
Hoses split, cracked and, or not connected to 
the proper tubes. 

Evidence of fuel loss or fuel vapor odor can be 
caused by: 

Liquid fuel leaking from fuel lines. 
Cracked 9r damaged fuel vapor canister 
Disconnected, misrouted, kinked, deteriorated 
or damaged vapor hoses, or control hoses. 

DIAGNOSIS 

The canister purge solenoid operation is covered in 
the charts at the end of this section. 

VISUAL CHECK OF FUEL VAPOR CANISTER 

Cracked or damaged, replace fuel vapor canister. 

FUNCTIONAL TEST 

Fuel Vapor Canister Purge Valve 

Apply a short length of hose to the lower tube of 
purge valve, and atempt to blow through it. Little or 
no air should pass into the canister. (A small amount 
of air will pass if the fuel vapor canister has a constant 
purge hole). 

With hand vacuum pump, apply vacuum 51 kPa 
(15" Hg) through the control valve tube (upper tube). 
The diaphragm should hold vacuum for at least 20 
seconds. If not the canister must be replaced. If the 
diaphragm holds vacuum, again try to blow through 
the hose connected to the lower tube while vacuum is 
still being applied. An increased flow of air should be 
observed. If not, the fuel vapor canister must be 
replaced. 

Fuel Tank Pressure Control Valve 

With a hand vacuum pump apply vacuum 51 kPa 
(15" Hg) to the control vacuum tube. The diaphragm 
should hold vacuum for at least 20 seconds. If it does 
not hold vacuum the diaphragm is leaking and the 
valve must be replaced. 

With the vacuum still applied to the control 
vacuum tube, apply a short hose to the valve's tank 
tube side, blow into the tube. You should feel the air 
pass through the valve. If the air does not pass 
through, the valve should be replaced. 
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ON-CAR SERVICE 

FUEL VAPOR CANISTER 

E3 Remove or Disconnect 

1. Hoses from fuel vapor canister. Mark hoses to 
install on new fuel vapor canister. 

2. Canister. 

E] Install or Connect 

1. Fuel vapor canister as removed. 
2. Hoses. Make sure connections are correct. 

FUEL VAPOR CANISTER HOSES 

Refer to Vehicle Emission Control Information 
Label for routing of fuel vapor canister hoses. 

PARTS INFORMATION 

PART NAME GROUP 
Canister,FuelVapor ······••···•••···· 3.130 
Solenoid, Fuel Vapor Canister •••••••••• 3.140 
Valve, Fuel Tank Pressure Control ••••••• 3.140 

' ... . · 

III THROTTLE BODY 0 CANISTER PURGE SOLENOID ASSEMBLY IT] PRESSURE /VACUUM RELIEF VENTED FUEL FILLER CAP 

[I] PURGE LINE m AIR INLET [!1 TANK PRESSURE CONTROL VALVE 

m VAPOR CANISTER [!] VAPOR RESTRICTION [!] FUEL TANK &.29-88 
9S5590-6E 

Figure C3·2 • Evaporative Emissions Control System Schematic 
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TO CANISTER PURGE VALVE 

7-27-87 

CANISTER 
PURGE 
SOLENOID 

A B 

'--------------- 428 DK GRN/YEL 

BULKHEAD 
CONNECTOR 

GAGE 
39 PNK/BLK ~ 

IGN 

CHART C-3 
CANISTER PURGE SOLENOID CHECK 

5.0L (VIN F) & 5.7L (VIN 8) 11 F" CARLINE (PORn 
Circuit Description: 

. ECM 

8S4252-6E 
3-9-87 

Canister purge is controlled by a solenoid that allows ported manifold vacuum to purge the fuel vapor 
canister when de-energized. The ECM supplies a ground to energize the solenoid (purge "ON"). 

If the diagnostic "test" terminal is grounded, with the engine stopped, or the following conditions are met 
with the engine running, the canister purge solenoid will be energized (purge "ON"). 

• Engine run time after start more than 1 minute. 
• Coolant temperature above 75°C (167°F). 
• Vehicle speed above 15 mph. 
• Throttle position is above idle. 

\ 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. The· external vacuum source must be applied to 

the canister purge solenoid at the canister. 

2. Grounding the diagnostic "test" terminal will 
energize the canister purge solenoid and allow 
vacuum to pass. 

3. Some canister purge solenoids may have a large 
enough bleed built into them to appear to be 
operating incorrectly. 
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CHARTC-3 
CANISTER PURGE SOLENOID CHECK 

5.0L (VIN F) & 5.7L (VIN 8) •Fn CARLINE (PORT) 

0 • IGNITION "ON", ENGINE STOPPED. 
• ATTHE SOLENOID, APPLY 4 kPa (10" HG) 

VACUUM TO THROTTLE BODY SIDE OF 
PURGE SOLENOID. 

I 

I I 
ABLE TO GET 4 kPa ~ UNABLETO GET 4kPa (10- HG) VACUUM. (NOTE: THE 
(10" HG)VACUUM. SOLENOID MAY HAVE A BUILT-IN BLEED. CHECK MANIFOLD 

I 
VACUUM SOURa. IF OK, CONTINUE WITH CHART. 

I 

~ • . GROUND DIAGNOSTIC TERMINAL • DISCONNECT PURGE SOLENOID. 
• NOTE VACUUM. • CONNECT A TEST LIGHT BETWEEN HARNESS CONN. TERM. 

I I 

I I I I 
NODROP I I DROPS I NOUGHT I LIGHT I 

I I I I 

• DISCONNECT 11 NO TROUBLE FOUND. I GROUND • CHECK CICT 428 FOR SHORT 
SOLENOID. DIAGNOSTIC TO GROUND. IF CKT 428 IS 

I TERMINAL. NOT SHORTED TO GROUND, 
IT IS A FAULTY ECM. 

• PROBE EACH HARNESS 
CONNECTOR TERMINAL WITH 

I A TEST LIGHT TO GROUND. 

I NOLIGHT I LIGHT I 
I I I I I 
UGHT"ON- I I NOUGHT I UGHTBOTH I CHECK CICT 428 & I • IF A DRIVEABILITY 

ONE TERMINAL. 

I 
TERMINALS 39FOROPEN. COMPLAINT EXISTS, REPLACE 

I I SOLENOID. OTHERWISE, NO 
TROUBLE FOUND. 

CONNECT A TEST I REPAIR OPEN I REPAIR SHORT 
LIGHT BETWEEN CICT39. TO VOLTAGE IN 

I HARNESS CICT428. 
TERMINALS• A. 

NOTOPEN I OPEN I AND"'S-. 
- I 

NOUGHT I LIGHT I FAULTY REPAIR I 
I I CONNECTIONS OR 

FAUL TY SOLENOID I 
FAULTYECM. 

CHECIC: 
. OPEN CICT 428 . FAULTY CONNECTIONS . FAULTYECM 

CLEAR CODES AND CONFIRM "CLOSED LOOP" OPERATION AND NO "SERVICE ENGINE SOON" LIGHT. 
5-26-88 
854691-6£ 
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SECTION C4 
IGNITION SYSTEM / EST 

CONTENTS 
GENERAL DESCRIPTION .•....•......... 

PURPOSE ••••••••••••••••••••••••• 
OPERATION ••••••••••••••••••••••• 
RESULTS OF INCORRECT OPERATION •••• 

DIAGNOSIS •••••••• _ ••••••••••••••••• 
CODE12 •••••••••••••••••••••••••• 

GENERAL DESCRIPTION 

PURPOS~ 

C4-1 
C4-1 
C4-1 
C4-2 
U2 
C4-2 

The High Energy Ignition (HEO system controls 
fuel combustion by providing a spark to ignite the 
compressed air/fuel mixture at the correct time. To 
provide improved engine performance, fuel economy, 
and control of exhaust emissions, the ECM controls 
distributor spark advance (timing) with the Electronic 
Spark Timing (EST) system ... 

Only the Electronic Spark Timing (EST) system 
will be described here. Additional information on the 
HEI system is found in Section "6D''. 

To properly control ignition/combustion timing 
the ECM needs to know: 
• Crankshaft position 
• Engine speed (rpm) 
• Mass Air Flow 
• Engine temperature 

OPERATION 

The EST system consists of the distributor 
module, ECM, and connecting wires. The connector 
terminals are lettered as shown in Figure C4-1 for the 
2.8L. 

These circuits perform the following functions: 
• Distributor reference (CKT 430). 
This provides the ECM with rpm and crankshaft 

position information. Ir the wire becomes open or 
grounded the engine will not run, because the ECM 
will not operate the injectors. If the engine cranks but 
won't run. see CHART A-3. 

• Reference ground (CKT 453). 
This wire is grounded in the distributor and 

makes sure the ground circuit has no voltage drop 
which could affect performance. If it is open, it may 
cause poor performance. 

ON-cAR SERVICE ••••••••••••••••••••• 
SITTING TIMING •••••••••••••••••••• 

How Code 42 is Determined ••••••••• 
PARTS INFORMATION ••••••••••••••••• 

@] 

~ MODULE USED WITH 
INTEGRAL COIL DISTRIBUTOR 

llID MODULE USED WITH 
REMOTE COIL DISTRIBUTOR 

C4-2 
C4-2 
C4-2 
C4-2 

~ MODULE USED WITH NEW 72 AND 80 MM 
REMOTE COIL DISTRIBUTORS. 

5S 1768-&E 

Figure C4-1. Distributor Modules 

• By-Pass (CKT 424). 
At about 400 rpm, the ECM applies 5 volts to lh;is 

circuit to switch spark timing control from the HEI 
module to the ECM. The wire goes through a 
connector between the 4 wire connector and the ECM. 
This is disconnected to the set base timing. An open or 
grounded bypass circuit will set a Code 42 and the 
engine will run at base timing, plus a small amount of 
advance built into the HEI module. 

• EST (CKT 423). 
This circuit triggers the HEI module. The ECM 

does not know what the actual timing is, but it does 
know when it gets the reference signal. It then 
advances or retards the spark from that point. 
Therefore, if the base timing is set incorrectly, the 
entire spark curve will be incorrect. 
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RESULTS OF INCORRECT OPERATION 

An open or ground in the EST circuit will set a 
Code 42 and cause the engine to run on the HEI 
module timing. This will cause reduced performance 
and poor fuel economy. 

The ECM uses information from the MAF and 
coolant sensors in addition to rpm t.o calculate spark 
advance as follows: 

• Cold engine = more spark advance. 
• Engine under minimum load based on rpm 

and low amount of air flow- more spark 
advance. 

• Hot engine = less spark advance. 
• Engine under heavy load based on rpm and 

high amount of air flow- less spark advance. 

DIAGNOSIS 

The description, operation, and diagnosis of the 
HEI system are found in Section "6Dn of this manual. 

CODE12 

Code 12 is used during the Diagnostic Circuit 
Check procedure to test the co.e display ability of the 
ECM. This code indicates that the ECM is not 
receiving the engine rpm (REFERENCE) signal. This 
occurs with the ignition key "ON" and the engine not 
running. 

The "Referencen signal also triggers the fuel 
injection system. Without the "Reference" signal the 
engine cannot nm. 

ON-CAR SERVICE 

SETTING TIMING 

The initial base timing is set by disconnecting the 
timing connector, located near the blower motor. 
Refer to Emission Control Information Label for 
procedure. This will cause Code 42 to store in··the code 
memory of the ECM. The memory must be cleared 
after setting timing. . · · · 

How Code 42 Is Determined 

When the system is running on the HE[ module, 
that is no voltage on the bypass line, the· HEI module 
grounds the EST signal. The ECM expects to see no 
voltage on the EST line during this condition. Ifit sees 
a voltage, it sets code 42 and will not go int.o the EST 
mode. 

When the rpm for EST is reached (about 400 rpm) 
the ECM applies 5 volts to the bypass line ~d the EST 
should no longer be grounded in the HEI module so 
the EST voltage should be varying. 

If the bypass line is open or grounded, the HEl 
module will not switch t.o EST mode so the EST 
voltage will be low and Code 42 will be set. Refer t.o 
Sectio·n "6D" for on vehicle service. 

PARTS INFORMATION 

PART NAME GROUP 

Controller, ECM 
(Remanufactured) •••••••••••••• ~. _.3.670 

Distributor • • • • • • • • • • • • • • • • • • • • • • • • • • 2.361 
Module, Distr •••••••••••••••••••••• -•• 2.383 
Coil, Distr • • • • • • . • • • • • • • • • • • • • • • • • • • • 2.170 
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·c· 

•+• f- / BlK. 
~CONN. 

IGN.~ GRY. 

---~ ~--" CONN. IGNmONCOIL 
CONNECTOR TAOt. 

DISTRIBUTOR CONNECTOR 

@:r~~ 
----PN 

11-17-87 

IGN 

GRY 
CONN. 

BLK 
CNN. 

GRYCONN. 

'-------- 423WHT 

-------430PPL/WHT 

..._ ___ -<,~ 424 TAN/11UC 
SET TIMING _.., 

._co_N_N_E...;CT_O_R ____ 453 BlK/RED 

ECM 

11-17-87 
551786-6E 

CHARTC-4A 
IGNITION SYSTEM CHECK 

(REMOTE COIL/ SEALED MODULE CONNECTOR DISTRIBUTOR} 
2.SL (VIN S) "F,. CARLINE (PORn 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Two wires are checked, to ensure that an open is 

not present in a spark plug wire. 
lA. If spark occurs with EST connector disconnected, 

pick-up coil output is too low for EST operation. 
2. A spark indicates i the problem must be the 

distributor cap or rot'.or. 
3. Normally, there should be battery voltage at the 

"C" and "+" term~nals. Low voltage would 
indicate an open or a high resistance circuit from 
the distributor to the coil or ignition switch. If"'C" 
term. voltage was low, but"+" te~. voltage is 10 
volts or more, circuit from "C" term. to lgn. coil or 
ignition coil primary winding is open. 

4. Checks for a shorted module or grounded circuit 
from the ignition coil to the module; The 
distributor module should be turned "OFF", so 
normal voltage should be about 12 volts. 
If the module is turned "ON", the voltage would be 
low, but above 1 volt. This could cause the ignition 
coil to fail from excessive heat. 
With an open ignition coil primary winding, a 
small amount of voltage will leak through the 
module from the "Bat." to the tach terminal. 

5. Applying a voltage (1.5 to 8V) to module terminal 
"P'' should turn the module "ON" and the tach. 
term. voltage should drop to about 7-9 volts. This 
test will determine whether the module or coil is 
faulty or if the pick-up coil is not generating the 
proper signal to turn the module .. ONn. This test 
can be performed by using a DC battery with a 
rating of 1.5 to 8 volts. The use of the test light is 
mainly to allow the "P" terminal to be probed 
more easily. 
Some digital multi-meters can also be used to 
trigger the module by selecting ohms, usually the 
diode position. In this position the meter may 
have a voltage across it's terminals which can be 
used to trigger the module. The voltage in the 
ohm's position can be checked by using a second 
meter or by checking· the manufacture's 
specification of the tool being used. 

6. This should turn "OFF" the module and cause a 
spark. If no spark occurs, the fault is most likely in 
the ignition coil because most module problems 
would have been found before this point in the 
procedure. A module tester could determine 
which is at fault. 
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• Perform Dla~nostic Crcuit Check before proceeding with this test. (If a 
tachometer tS connected to the Tach term •• disconnect it before proceeding 
with 'the test). 

• Check spart at plug with spark tester J-26792 or equivalent (ST-125) while 
aanking (if no spark on one wire, check a second wire) A few sparks and 
then nothing is considered no spark. 

CHART C-4A 
IGNITION SYSTEM CHECK 
(REMOTE COIL/ SEALED MODULE 

CONNECTOR DISTRIBUTOR) 
2.8L (VIN S) 11F'' CARLINE 

POR 
Chedc fuel,spark plugs, etc. 
See section •a• symptoms. TEST LIGHT 

• Check for spark at coil wire with tester while cranking. · 
(Leave spark tester connected to coil wire for Steps 3-6). 

TOO.C. 
POWER SUPPLY .-__.--

(1.5 to SV) 

/j\ • Disconnect distributor 2 term. •c / + • connector. 
\::.,J • Ignition switch ·on·. E!1jine stopped. 

•Check volts at•+• and c• term's. of dist. ham. conn. 

Inspect cap for water, cracks, 
etc. If OK, replace rotor. 

Both term's. 10 volts or more Both term's. under 10 volts Under 10 volts "c· term. only 

Ii'\ • Reconnect dist. 2 term. conn. 
~ •With ign. •oN", check voltage from tech. term. 

to gncf. (term. may be taped back in harness). 
Ree!lr wire from modwe • + • term. 
to a· term. of black lgn. coil 
connector or primary ckt. to ign. sw. 

Check for open or gnd. in ckt. 
from ·c• term. to lgn. coil. If Cl<t. 
is OK, fault is. ign. coil or COM .. 

•Connect test light from tach. term. to ground. 
•Crank engine and observe light. 

• Disconnect distributor 4 term. connector. 
• Remove dist. cap. 
• Disconnect pick-up coil connector from module. 
•Connect voltmeter from tach. term. to ground. 
• Ignition on. 
•Insulate a test light probe to 1/4" from tip and note voltage, as test light 

is momentarily connected from a voltage source (1.5 to 8V) to module 
term. "P". (Fig. 1). 

• If no module tester 024642) is available; 
Replace ign. coil and repeat Step 5. 

lgn. coll removed is OK, 
reinstall coil and check coil 
wire from dist. cap. if OK, 
replace dist. module. 

Spark 

System OK 

• If module tester (J24642) 
is available: test module 

Check coll wire 
from cap to coil. If 
OK, replace coil. 

L19ht 
bhnks 

Replace module and check for 
spark from coil as in Step 6. 

System 
OK 

No Spark 

Replace ign. coil, 
It too is faulty 

Replace ignition coil and recheck 
for spark with spark tester. If still 
no spark, re-install original coil 
and repla~ 4ist. module-

Check pick-up coil 
or conns. (Coil 
resistance should 
be 500-1500 ohms 
and not rounded). 

Replace pole 
piece and 
shaftassy. 

7-21-86 
*ss 1444-6EA 
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SECTION C4 
IGNITION SYSTEM/EST 

CONTENTS 

GENERAL DESCRIPTION •••••••••••••••• C4-1 
PURPOSE • • • • • • • • • • • • • • • • • • • • • • • • • C4-1 
OPERATION ••••••••••••••••••••••• C4-1 
RESULTS OF INCORRECT OPERATION •••• C4-1 

DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • • C4-.1 
COOE12 •••••••••••••••••••••••••• C4-1 

GENERAL DESCRIPTION 

PURPOSE 

The High Energy Ignition (HEI) system controls 
fuel combustion by providing a spark to ignite the 
compressed air/fuel mixture at the correct time. To 
provide improved engine performance, fuel economy, 
and control of exhaust emissions, the ECM controls 
distributor spark advance (timing) with the Electronic 
Spark Timing (EST) system. 

Only the Electronic Spark Timing (EST) system 
will be described here. Additional information on the 
HEI system is found in Section .. 60". 

To properly control ignition/combustion timing 
the ECM needs t.o know. 
• Crankshaft position 
• Engine speed (rpm) 
• Mass Air Flow 
• Engine temperature 

OPERATION 

The EST system consists of.the distributor 
module, ECM, and connecting wires. The connector 
terminals are lettered as shown in CHART C-4. 

These circuib perform the following functions: 
• Reference (CKT 430). 
This provides the ECM with rpm and crankshaft 

position information. If the wire becomes open or 
grounded the engine will not run, because the ECM 
will not operate the injectors. If the engine cranks but 
won't run, see CHART A-3. 

• Distributor ground (CKT 453). 
This wire is grounded in the distributor and 

makes sure the ground circuit has no voltage drop 
which could affect performance. If it is open, it may 
cause poor performance. 

• Bypass (CKT 424). 
At about 400 rpm, the ECM applies 5 volts to this 

circuit to switch spark timing control from the HEI 
module to the ECM. The wire goes through a 
connector between the 4 wire connector and the ECM. 
This wire is disconnected to set base timing. 

ON-CAR SERVICE • • • • • • • • • • • • • • • • • • • • • C4-2 
SETTING TIMING ..................... C4-2 
HOW CODE 42 IS DETERMINED • • • • • • • • • C4-2 

PARTS INFORMATION • • • • • • • • • • • • • • • • • C4-2 

An open or grounded bypass circuit will set a Code 
42 and the engine will run at base timing, plus a small 
amount of advance built int.o the HEI module. 

• EST (CKT 423). 
This circuit triggers the HEI module after the 

engine is started and no Code 42 detected. The ECM 
does not know what the actual timing is1 but it does 
know when it gets the reference signal. It then 
advances or retards the spark from that point. 
Therefore, if the base timing is set incorrectly, the 
entire spark curve will be incorrect. 

RESULTS OF INCORRECT OPERATION 

An open or ground in the EST circuit will set a 
Code 42 and cause the engine to run on the HEI 
module timing. This will cause reduced performance 
and poor fuel economy. 

The ECM uses information from the MAF and 
coolant sensors in addition to rpm to calculate spark 
advance as follows: 

• Cold engine = More spark advance. 
• Engine under minimum load based on rpm 

and low amount of air flow - More spark 
advance. 

• Hot engine = Less spark advance. 
· • Engine under heavy load based on rpm and 

high amount of air flow - Less spark advance. 

DIAGNOSIS 

The description, operation, and repair procedures 
of the HEI system are -found in Section "6D" of this 
manual. For an ignition system check, refer to 
CHART C-4 at the end of this section. 

CODE12 

Code 12 is used during the diagnostic circuit check 
procedure to test the code display ability of the ECM. 
This code indicates that the ECM is not receiving the 
engine rpm (REFERENCE) signal. This occurs with 
the ignition key "ON", and the engine not running. 
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The .. Reference" signal also triggers the fuel 
injection system. Without the "Reference" signal the 
engine cannot run. This signal can be checked by 
using a "Scan" tool which will help determine the 
cause of an engine that cranks but won't start. 

ON-CAR SERVICE 

SETTING TIMING 

The initial base timing is set by disconnecting the 
timing connector. Then set the timing to the 
specification shown on Emission Control Information 
Label. This will cause Code 42 to be stored in the 
memory of the ECM. The memory must be cleared 
after setting timing. 

How Code 42 Is Determined 

When the system is running on the HEI modul,
that is, no voltage on the bypass line, the HEI moduk 
grounds the EST signal. The ECM expects to see no 
voltage on the EST line during this condition. If it 
sees a voltage, it sets code 42 and will not go int.o the 
EST mode. 

When the rpm for EST is reached, (about 400 
rpm), the ECM applies 5 volts t.o the bypass line and 
the EST should no longer be grounded in the HEI 
module, so the EST voltage should be varying. 

If the bypass line is open or grounded, the HEI 
module will not switch to EST mode, so the EST 
voltage will be low and Code 42 will be set. 

PARTS INFORMATION 

PART NAME GROUP 

Coil~ Distr • • • • • • • • • • • • • • • • • • • • • • • • • • • -2.170 
Controller, ECM 

(Remanufactured) • • • • • • • • • • • • • • • • 3.670 
Distributor • • • • . • • • • • • • • • • • • • • • • • • • • • 2.361 
Module, Distr ~ • . • • • • • • • • • • • • • • • • • • • • • 2.383 
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CHARTC-4 
IGNITION SYSTEM CHECK 

(REMOTE COIL/SEALED MODULE CONNECTOR DISTRIBUTOR) 
5.0L (VIN F) & 5.7L (VIN 8) ''F" CARLINE (PORT) 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Two wires are cheeked, to ensure that an open is 

not present in a spark plug wire. 
IA. If spark occurs with EST connector disconnected, 

pick-up coil output is too low for EST operation. 
2. A spark indicates the problem must be the 

distributor cap or rotor. 
3. Normally, there should be battery voltage at the 

''C" and "+" terminals. Low voltage would 
indicate an open or a high resistance circuit from 
the distributor to the coil or ignition switch. lf"C" 
terminal voltage was low, but "+" terminal 
voltage is 10 volts or more, circuit from "C" 
terminal to ignition coil or ignition coil primary 
winding is open. 

4. Checks for a shorted module or grounded circuit 
from the ignition coil to the module. The 
distributor module should be turned "OFF", so 
normal voltage should be about 12 volts. 
If the module is turned "ON", the voltage would be 
low, but above 1 volt. This could cause the 
ignition coil to fail from excessive heat. 
With an open ignition coil primary winding, a 
small amount of voltage will leak through the 
module from the Batt+" to the tach terminal. 

5. Applying a voltage (1.5 to 8 volts) to module 
terminal "P" should turn the module ON" and the 
tach terminal voltage should drop to about 7-9 
volts. This test will determine whether the 
module or coil is faulty or if the pick-up coil is not 
generating the proper signal to turn the module 
"ON". This test can be performed by using a DC 
battery with a rating of 1.5 to 8 volts. The use of 
the test light is mainly to allow the "P" terminal to 
be probed more easily. Some digital multi-meters 
can also be used to trigger the module by selecting 
ohms, usually the diode position. In this position 
the meter may have a voltage across it's terminals 
which can be used to trigger the module. The 
voltage in the ohm's position can be checked by 
using a second meter or by checking the 
manufacturer's specification of the tool being 
used. 

6. This should turn "OFF" the module and cause a 
spark. If no spark occurs, the fault is most likely 
in the ignition coil, because most module problems 
would have been found before this point in d 
procedure. A module tester could determirib
which is at fault. 
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• Perform Diagnostic Orcuit Check before proceeding with this test. 
(If a tachometer is connected to the Tach term., disconnect it 
before proceedi'.!9 with the test); 

e Check spark at plug with spark tester J-26792 or equivalent (ST-
125) while aanldng (if no spark on one wke, check a second wire) 
A few sparks and then nothing is considered no spark. 

CHART.C-4 
IGNITION SYSTEM CHECK 

(REMOTE COIL/SEALED MODULE 
CONNECTOR DISTRIBUTOR) 

5.0L (VIN F) & 5. 7L (VIN 8) .. F,. 
CARLINE POR 

Check: fuel,s~rt plugs, etc. 
See section a• symptoms. TEST LIGHT 

•Check for spark at coil wire with tester while cranking. 
(Leave spark tester connected to coe1 wire for Steps 3~). 

TOD.C.~ POWER SUPPLY · 
. (1.5to8V) 

0 •Discannectdistn"butor2term. •c1+· connector. 
•Ignition switch •on·, E!'Sline stopped. 
• check volts at•+• and c• term's. of dist. ham. conn. 

Inspect cap for watiw, cracks, 
etc. If OK, replace rotor. 

Both term's. under 10 volts Under 10 volts •c• term. only 

Ree!ir wire from module • + • term. 
to r term. of black lgn. coil 
connector or primary ckt. to ign. sw. 

Check for open or ~nd. in clct. 
from ·c• term. to ign. coil. If Oct. 
is OK, fault is. lgn. coil or conn .. 

•Connect test light from tach. term. to ground. 
•Crank engine and observe light. 

• Disconnect aistributor 4 term. connector. 
•Remove dist. cap. 
•Disconnect ~-up coil connector from module. 
• Connect eter from tach. terin. to ground. 
• Ignition on. 
•Insulate a test light probe to 114• from tip and note voltage as test Rght 

is momentarily connected from a voltage source (1.S to SY) to module 
term. •r. (Fig. 1 }. 

• If no module tester (J24642} is available; 
Replace ign. coil and repeat Step 5. 

lgn. coil removed is OK, 
reinstall coll and check coll 
wire from dist. cap. if OK, 
replace dist. module. 

Spart 

System OK 

• If module tester (.124642} 
is available: test module 

Check coil wire 
from cap to coil. If 
OK, replace coll. 

Replace module and check for 
spa rt from coil as in Step 6. 

System 
OK 

No Spark 

Replace ign. coll, 
it too is faulty 

Replace ignition coil and recheclc 
for spark with spark tester. If still 
no spart, re-Install original coil 
and replace dist. module .. 

Check pick-ue coil 
or conns. (Cod 
resistance should 
be 500-1500 ohms 
and not unded). 

Replace pole 
piece and 
shaftassy. 

7-21-86 
•ss 1444-6EA 
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SECTION CS 
ELECTRONIC SPARK CONTROL (ESC) SYSTEM 

CONTENTS 

GENERAL DESCRIPTION ................. CS-1 
PURPOSE ••••••••••••••••••••••••• CS-1 
OPERATION ••••••••••••••••••••••• CS-1 

DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • • CS-1 

GENERAL DESCRIPJION 

PURPOSE 

Varying octane levels in today's gasoline can 
cause detonation in high performance engines. 
Detonation is sometimes called spark knock. 

To control spark knock, an Electronic Spark 
Control (ESC) system has been added. This system is 
designed to retard spark timing up to 20°, if necessary, 
to reduce spark knock in the engine. This allows the 
engine to use maximum spark advance to improve 
driveability and fuel economy. 

OPERATION 

The ESC system has two major components: 
• ESCmodule 
• ESC knock sensor 

The ESC knock sensor detects abnormal vibration 
(spark knocking) in the engine. The knock sensor is 
mounted in the engine block near the cylinders. The 
ESC module receives the knock sensor information 
and sends a signal to the ECM. The ECM then adjusts 
the Electronic Spark Timing (EST) to reduce spark 
knocking. 

The ESC module sends a voltage signal (8 to 10 
volts) to the ECM when no spark knock is detected by 
the knock sensor, and the ECM provides normal spark 
advance. · 

When the knock sensor detects spark knock, the 
module turns "OFF" CKT 485 to the ECM. The ECM 
then retards EST to reduce spark knock. 

Loss of the ESC knock sensor signal or loss of 
ground at ESC module terminal "D" would cause the 
signal on CKT 485 to the ECM to remain high. This 
condition would cause the ECM to control EST as if no 
spark knock was occuring. No retard would occur, and 
spark knock could become severe under heayy engine 
load conditions. This condition should, however, cause 
a Code 43 to set. 

Loss of the ESC signal to the ECM would cause the 
ECM to constantly retard EST. This will result in 
sluggish performance and set a Code 43. 

ON-CAR SERVICE • • • • • • • • • • • • • • • • • • • • • CS-1 
ESC SENSOR • • • • • • • • • • • • • • • • • • • • • • • CS-1 
ESC MODULE AND BRACKET • • • • • • • • • • CS-2 

PARTS INFORMATION • • • • • • • • • • • • • • • • • CS-2 

DIAGNOSIS 

Code 43 indicates that the ECM terminal "B7" is 
receiving less than 6 volts for a 4 second period with 
the engine running. This is CKT 485, which normally 
provides a 8 to 10 volt signal from the ESC module to 
the ECM. See Code 43 CHART for diagnosis if the 
code is present. 

When no Code 43 is present but the ESC system is 
a potential cause of excessive spark knock, see 
CHART C-5 which follows. 

ON-CAR SERVICE 

ESCSENSOR 

E3 Remove or Disconnect 
1. Negative battery cable. 
2. Raise car. 
3. ESC wiring harness connector from ESC sensor. 
4. ESC sensor from engine block. 

DJ KNOCK SENSOR 
14 FT. LBS. 119 N-m) 

551829-6E 

Figure CS-1- ESC Sensor 
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E3 Install or Conned 
1. ESC sensor into engine block. 

• Tighten to 19 N·m (14 ft. lb.). 
2. ESC wiring harness connector to the ESC sensor. 
3. Lower car. 
4. Negative battery cable. 

ESC MODULE AND BRACKET 

Refer to Figure C5-2 for ESC module replacemerit. 

PARTS INFORMATION 

PART NAME GROUP 

Bracket, Elek Spark Cont Mdl ••••••••• 
Module, Elek Spark Cont ••••••••••••• 
Sensor. ESC Knock •••••••••••••••••• 
Shield, Elek Spark Cont Knock 

2.383 
2.383 
2.383 
2.383 

OJ ESCMODULE 

Figure CS-2 - ESC Module Removal 

551426-6E 
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ESC 
MODULE 

"SEE .DIAGNOSTIC AIDS• BELOW 

2-12-87 

w 
CONN 

48fi BRN 

4HWHT 

"FUSE 

439 PNIC/BLK 

4858LK 

ENGINE 
GROUND 

IGN 

87 

ECM 

IGNmONFEED 

SPARK 
RETARD 
SIGNAL 
(ESC) 

6-15-88 
5513571£ 

CHARTC-5 
ELECTRONIC SPARK CONTROL 

5.0L (VIN F) & 5.7L (VIN 8) •F" CARLINE (PORT) 
Circuit Description: 

Electronic Spark Control (ESC) is accomplished with a module that sends a voltage signal to the ECM. As 
the knock. sensor detects engine knock, the voltage from the ESC module to the ECM is shut "OFF" and this 
signals the ECM to retard timing, if engine rpm is over about 900. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. If a Code 43 is not set, but a knock signal is 

indicated while running at 1500 rpm, listen for an 
internal engine noise. Under a no load condition, 
there should not be any detonation, and if knock is 
indicated, an internal engine problem may exist. 

2. Usually a knock signal can be generated by 
tapping on t.he exhaust manifold. This test can 

· also be performed at idle. Test number 1 was run 
at 1500 rpm to determine if a constant knock 
signal was present, which would affect engine 
performance. 

3. This tests whether the knock signal is due to the 
sensor, a basic engine problem, or the ESC 
module. 

4. If the module ground circuit is faulty, the ESC 
module will not function correctly. The test light 
should light indicating the ground circuit is OK. 

5. Contacting CKT 496, with a test light to 12 volts. 
should generate a knock signal to determine 
whether the knock sensor is faulty, or the ESC 
module can't recognize a knock signal. 

Diagnostic Aids: 

* ECM/IGN FUSE 
"Scann tools have two positions to diagnose the 

ESC system. The knock signal can be monitored to see 
if the knock sensor is detecting a knock condition and 
if the ESC module is functioning, knock signal should 
display "YES", whenever detonation is present. The 
knock retard position on the "Scan" displays the 
amount of spark retard the ECM is commanding. The 
ECM can retard the timing up to 20 degrees. 

If the ESC system checks OK, but detonation is 
the complaint, refer to "Detonation/Spark Knock" in 
Section "B". 
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CHARTC-5 
ELECTRONIC SPARK CONTROL 

5.0L {VIN F) & 5.7L (VIN 8) uf" CARLINE {PORT) 

THIS CHART SHOULD BE USED AFTER All OTHER CAUSES OF SPARK KNOCK HAVE BEEN CHECKED. I.E., TIMING, EGR, ENGINE 
TEMPERATURE OR EXCESSIVE ENGINE NOISE.ETC. IF CODE 43 IS SET, USE THAT CHART FIRST. 

0 • If A CODE 43 WAS SET USE THAT CHART FIRST. 
THIS CHART ASSUMES CODE 43 IS NOT PRESENT. 

• •sCAN• TOOL SET ON KNOCK SIGNAL 
• ENGINE RUNNING AT ABOUT 1500 RPM. 
• IS THERE A KNOCK SIGNAL INDICATED? 

0 • ENGINE RUNNING AT 1500 RPM. 
• TAP ENGINE BLOCK IN AREA OF KNOCK SENSOR. 
• DOES •sCAN" INDICATE A KNOCK SIGNAL 

WHILE TAPPING ON ENGINE? 

0 • DISCONNECT ESC MODULE. 
• PROBE HARNESS TERMINAL "D" (CKT 486) 

WITH A TESTLIGHTTO 12 V. 

• RECONNECT ESC MODULE. 
• DISCONNECT KNOCK SENSOR. 
• ENGINE JOUNG. 
• MOMENTARILY TOUCH KNOCK SENSOR 

HARNESS (CKT 496)WITH A TESTLIGHTTO 12V. 
• EACH TIME THE TEST LIGHT CONTACTS CKT 496, 

A KNOCK SIGNAL SHOULD BE GENERA TED. 
• IS A KNOCK SIGNAL INDICATED WITH "SCAN"? 

FAULTY CONNECTION AT SENSOR 
OR FAULTY KNOCK SENSOR. 

0 • DISCONNECT KNOCK SENSOR. 
• REPEAT TEST. 
• IS THERE A KNOCJC SIGNAL INDICATED? 

CHECK FOR ROUTING OF WIRE FROM 
KNOCK SENSOR TO ESC MODULE FOR 
PICKING UP FALSE KNOCK SIGNALS 
FROM AN ADJACENT WIRE. REROUTE AS 
NECESSARY. IF ROUTING IS CORRECT, 
REPLACE ESC MODULE. 

ESC SYSTEM OK. 
REVIEW "DIAGNOSTIC 
AIDS" ON FAQNG PAGE. 

REPAIR OPEN GROUND CKT 486. 

CXT 496 OPEN, SHORTED TO GROUND, 
FAUL TY CONNECTION AT ESC MODULE, 
OR FAUL TY ESC MODULE. 

INTERNAL 
ENGINE KNOCK 
OR FAULTY 
SENSOR. 

7-28-87 
753339-6£ 
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SECTIONC.6 
AIR INJECTION REACTION (A.I.R.) SYSTEM 

MANUAL TRANSMISSION ONLY 

CONTENTS 
GENERAL DESCRIPTION ••••••••••••••• C6-1 

PURPOSE • • • • • • • • • • • • • • • • • • • • • • • • C&-1 
A.LR. PUMP OPERATION ••••••••••••• C6-1 
AIR CONTROL. • • • • • • • • • • • • • • • • • • • • C6-1 

Electric Air Control Valve (EAC) • • • • • c&.;1 
Deceleration Valve • • • • • • • • • • • • • • • C6-2 

RESULTS OF INCORRECT OPERATION ••• C6-2 
DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • C6-2 

OPERATIONAL CHECKS ••••••••••••• C6-2 
A.I.R. Pump • • • • • • • • • • • • • • • • • • • • C6-2 

GENERAL DESCRIPTION 

PURPOSE 

These systems are used to reduce carbon monoxide 
(CO), hydrocarbon (HC) and oxides of nitrogen (NOx) 
emissions. They also heat up the catalytic converter 
quickly "ON" engine start-up IO conversion of exhaust 
gases will start quickly. 

A.I.R. PUMP OPERATION 

The system (Figure CS-1) includes: 
• AnAirPump 

The air pump is driven by a belt on the front of 
the engine and supplies the air to the system. 
Intake air passes through a centrifugal filter fan 
at the front of the pump; where foreign materials 
are separated from the air by centrifugal force. 

• A Control Valve 
Air flows from .the pump through an ECM 
controlled valve (called a control valve) through 
check valves to either the exhaust ports or the 
silencer (overboard). 

• Check Valves 
The check valves prevent back flow of exhaust 
into the pump in the event of an exhaust backfire 
or pump drive belt failure. 

• NecessaryPlumbing 

AIR CONTROL 

Electric Air Control Valve (EAC) 

The electric air control valve combines electronic 
control with the normal diverter valve function. This 
valve can be electronically controlled to provide divert 
air under any driving mode. 

Hoses and Pipes • • • • • • • • • • • • • • • • • C6-2 
Deceleration Valve ••••••••••••••• C6-3 
Check Valve • • • • • • • • • • • • • • • • • • • • C6-3 

ON-CAR SERVICE • • • • • • • • • • • • • • • • • • • • C&-3 
DRIVE BELT • • • • • • • • • • • • • • • • • • • • • • C6-3 
A.I.R. PUMP • • • • • • • • • • • • • • • • • • • • • • C6-3 
AIR CONTROL VALVE ••••••••••••••• C6-3 
CHECK VALVE • • • • • • • • • • • • • • • • • • • • C6-4 
DECELERATION VALVE •••••••••••••• C&-4 

PARTS INFORMATION •••••••••••••••• C6-5 

(I]ELECTRIC AIR CONTROL [!) DECEL TIMING CHAMBE 
VALVE (]] DIVERT AIR TO AIR 

ffiDECEL TIMING ASSEMBLY CLEANER 
(I]VERY HIGH VACUUM [!) AIR FROM PUMP 

SIGNAL PORT W AIR TO EXHAUST PORTS 
mELECTRICAL TERMINAL IT§) PRESSURE RELIEF 

(!]SOLENOID ASSEMBLY 4S 102ME 

Figure C&-1 - Eledric Air Control Valve 

When the solenoid is energized, the valve will 
perform like a standardized diverter valve. Air from 
the air pump is directed to the exhaust ports, unless 
there is a great sudden rise in manifold vacuum due to 
throttle deceleration. 
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When the solenoid is de-energized, the pressurized 
air from the air pump is allowed to enter the dece·l 
timing chamber. This places sufficient pressure on 
the metering valve diaphragm to overcome spring 
tension, closing the valve,causing air to divert to the 
silencer. 

At higher engine speeds, excess air is exhausted to 
the silencer through the pressure relief valve. (Figure 
CS-1) · 

Deceleration Valve 

To help prevent backfiring during high vacuum 
conditions a deceleration (gulp) valve is used to allow 
air to flow into the intake manifold (shown in Figure 
CS-2). This air enters the air/fuel mixture to lean the 
rich condition created by high vacuum when the 
throttle valve closes on deceleration. 

The vacuum draws the deceleration valve 
diaphragm down and opens the valve allowing air 
inlet duct to flow into the intake manifold. 

RESULTS OF INCORRECT OPERATION 

• If no air (oxygen) flow enters the exhaust stream 
at the exhaust ports, HC and CO emission levels 
will be too high. 

• Air flowing to the exhaust ports at all times could 
cause a rich ECM command and increased 
temperature_ofthe converter. This may also cause 
a Code 44 due to oxygen being pumped passed the 
oxygen sensor. There should be no air going to the 
exhaust ports while operating in the "Closed 
Loop"mode. 

DIAGNOSIS 

The diagnosis of the AIR system is covered in 
CHART C-6 at the end of this section. 

OPERATIONAL CHECKS 

A.I.R. Pump 

1. The air pump is a positive displacement vane type 
which is permanently lubricated and requires no 
periodic maintenance. 
Accelerate engine to approximately 1500 rpm's 

and observe air flow from hose(s). If air flow increases 
as engine is accelerated, pump is operating 
satisfactorily. If air flow does not increase or is not 
present, proceed as follows: 

IL•I Inspect 
For proper drive belt tension. 
2. For a leaky pressure relief valve. Air may be 

heard leaking with the .pump running. 

IJ] DECELERATION VALVE 

[I] VACUUM BLEED VALVE 

(I] MANIFOLD VACUUM 

I]] DECELERATION AIR TO INTAKE 
MANIFOLD 

(!] FILTERED AIR FROM INTAKE DUCT 
(!] DIAPHRAGM 

Figure C6-2 - Deceleration Valve 

551726-6E 

NOTICE: If the engine or underhood compartment
is to be cleaned with steam or high
pressure detergent, the centrifugal filter 
fan should be masked "OFF" to prevent 
liquids from entering the pump. 

IL•I Inspect 
3. For a seized Air Injection Pump. 
4. Hoses, tubes and all connections for leaks and 

proper routing. 
5. For air flow from control/switching valve. 
6. AIR injection pump for proper mounting•and bolt 

torque. 
7. If no irregularities exist and the AIR injection 

pump noise is still excessive, remove and replace 
pump. 

CAUTION: Do Not Oil Air Pump 

Hoses and Pipes 

IL•I Inspect 
1. Hose or pipe for deterioration or holes. 
2. All hoses or pipe connections, and clamp tightness. 
3. Hose or pipe routing. Interference may caur 

wear. 
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4. If a leak is suspected on the pressure side of the 
system or if a hose or pipe has bee~ disconnected 
on the pressure side, the connections. should be 
checked for leaks with a soapy water solution. 
With the pump running, bubbles will form if a 
leak exists. 

Deceleration Valve 

1. Connect tachometer, start engine and allow idle to 
stabilize. 

2. With the engine running at specified idle speed, 
remove the small deceleration valve signal hose 
from the manifold vacuum source. 

3. Reconnect the signal hose and listen for air flow 
through the ventilation pipe and into the 
deceleration valve. There should also be a 
noticeable speed drop when the signal hose is 
reconnected. -

4. If the air flow does not continue for at least one 
second or the engine speed does not drop 
noticeably, check the deceleration valve hoses for 
restrictions or leaks. 

5. If no restrictions or leaks are found, replace the 
deceleration valve. 

Check Valve 

IL•I Inspect 
1. A check valve should be inspected whenever the 

hose is disconnected form a check valve or 
whenever check valve failure is suspected. (A 
pump that had become inoperative and had shown 
indications of having exhaust gases in the pump 
would indicate check valve failure). 

2. Blow through the check valve (toward the exhaust 
manifold) then attempt to suck back through the 
check valve. Flow should only be in one 
direction(toward the exhaust manifold). Replace 
valve which does not operate properly. 

ON-CAR SERVICE 

DRIVE BELT 

E3 Remove or Disconnect 

1. Inspect drive belt for ware, cracks or deterioration 
and replace if required. When installing new belt, 
it must be seated and fully secured in grooves of 
A/C compressor, AIR pump, generator, and 
crankshaft pulleys. 

A.I.R~ PUMP 

E3 Remove or Disconnect 

1. Hold pump pulley from turning by compressing 
drive belt, then loosen pump pulley bolts. · 

2. Loosen bolt, holding pump to mounting brackets, 
release tension on drive belts. 

3. Move belts out of the way, then remove pump 
hoses,. vacuum and electrical connections, and 
control valve. 

4. Pulley, then pump. 
5. If required, insert needle nose pliers and pull filter 

fan from hub. 

E3 Install or Connect 

1. Air pump assembly, and tighten mounting bolts. 
2. Hoses, vacuum and electrical connections, and 

control valve. 
3. New filter fan on pump hub. 
4. Spacer and PUJDP pulley against centrifugal filter 

fan. 
5. Pump pulley bolts and tighten equally to 13 N · m 

(10 lb. ft.). This will compress the centrifugal 
filter fan onto the pump hole. Do not drive filter 
fan on with a hammer. A slight amount of 
interference with the housing bore is normal. 
Mer a new filter fan has been installed, it may 
squeal upon initial operation or until O.D. sealing 
lip has worn in. This may require a short period of 
pump operation at various engine speeds. 

6. Pump drive belt and adjust. 
7. Check air injection system for proper operation 

(see CHART C-6). 

AIR CONTROL VALVE 

E3 Remove or Disconnect 

1. Battery ground cable. 
2. Adapter bolts (See Figure C6-3). 
3. Air outlet hoses from valve. 
4. _Adapter. 
5. Electrical connectors and vacuum hoses from 

valve. 
6. Control valve. 

E3 Install or Connect 

1. Control valve. 
2. Electrical connectors and vacuum hoses. 
3. Adapter. 
4. Air hoses to valve. 
5. Adapter bolts to pump. 
6. Battery ground cable. 
7. Check system operation (see CHART C-6). 
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·-
----[I] A.I.R. PUMP ASM 

W PULLEY 
[TI SPACER 
W PULLEY BOLT 27 N·m (20 FT. LBS.) 
W BRACKETS (UPPER AND LOWERI 
W BOLTS (2) 80 N·m (60 FT. LBS.I 
W NUTS (2) 50 N·m (36 FT. LBS.) 
W UPPER PUMP BOLT 35 N·m (26 FT. LBS.) 
W LOWER PUMP BOLT 35 N·m ~6 FT. LBS.) 753317-6E 

Figure C6-3 - Air Pump Mounting 

[I] CONTROL VALVE 
W DIVERT SILENCER 

W A.I.A. PUMP ASM 
W BOLT (2116 N·m 112 FT. LBS.) 
W NUTS (2) 24 N•m (18 FT. LBS.) 753315-6E 

Figure C6-4 - Control Valve Service 

CHECK VALVE 

l++I Remove or Disconnect 

~. Any parts required for access. 
2. Release clamp and disconnect air hoses from check 

valve. 
3. Unscrew check valve from air injection pipe. 

E3 Install or Connect 

1. Screw check valve onto air injection pipe .. 
2. Position air hoses on cheek valve and secure with 

clamp. 
3. Any parts removed for access. 

DECELERATION VALVE 

l++I Remove or Disconnect 

1. Vacuum hoses from valve. 
2. Screws securing valve to engine bracket. 
3. Deceleration valve. 

[I] DECELERATION VALVE ASM 

Figure C6-5 - Control Valve Service 

E3 Install or Connect 

1. Deceleration valve. 
2. Screws securing valve to engine bracket. 
3. Vacuum hoses to valve. 

753316-6E 
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PARTS INFORMATION 

PART NAME GROUP 

-Bracket, AIR Inj Pump Supt (RR) • • • • • • • • • 3.655 
Bracket, AIR Inj Pump (Frt)............. 3.655 
Bracket, Deir Vlv • • • • • • • • • • • • • • • • • • • • 3.671 
Gasket, AIR Cont Vlv.................. 3.671 
Hose, AIR Inj Cont Vlv • • • • • • • • • • • • • • • • • 3.675 
Hose, C/case Vent Pipe to Dclr Vlv • • • • • • • • 3.675 
Pipe, Am Inj Ctltc Conv Chk Vlv • • • • • • • • • 3.690 
Pipe, AIR Inj Cont Vlv • • • • • • • • • • • • • • • • • 3.675 
Pulley, AIR Inj Pump • • • • • • • • • • • • • • • • • 3.650 
Pump, AIR Inj • • • • • • . • • • • • • • • • • • • • • • • 3.660 
Silencer, AIR Inj Cont Viv • • • • • • • • • • • • • • 3.675 
Valve, AIR Inj Cont • • • • • • • • • • • • • • • • • • • 3.670 
Valve, AIR Inj Eng Chk • • • • • • • • • • • • • • • • 3.670 
Valve, Deir ••••••••••.••••••••• ~.... 3~670 
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AIR CONTROL 
SOLENOID 

a 

DIVERT 
SILENCER 

IGNITION ~ 39 PNK/BLK 

GAGE 

-------- BRN. 436 

Circuit Description: 

CHART C-6 
ELECTRIC CONTROL (DIVERT) 

(MANUAL TRANSMISSION) 
2.SL (VIN S) ••F" CARLINE (i>ORT) 

ECM 

AIR SOLE:;;--, 
CONTR~~ID j_ 

DRIVER -: 

7-14-87 
5516501£ 

This system uses a single bed converter and Air Management is controlled by an Air Control Valve (divert 
valve). 

When grounded by the ECM, the solenoid causes the valve to direct air to the exhaust ports. When de
energized air diverts to the atmosphere, air will go to the ports prpvided the valve has a ground to the ECM and 
good manifold vacuum. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. This is a system performance test. When vehicle 

goes to "Closed Loop", air will switch from the 
ports to divert. 

2. Tests for a grounded electric divert circuit. 
Normal system light will be "OFF". 

3. Checks for an open control circuit .. Grounding test 
terminal will energize the solenoid if ECM and 
-circuits are normal. In this step, if test light is 
"ON", circuits are normal and faulty is in valve 
connections or valve. 
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CHARTC-6 
ELECTRIC CONTROL (DIVERT) 

(MANUAL TRANSMISSION) 
2.8L (VIN S) 11F" CARLINE (PORT) 

0 • CHECKFORATLEAST34KPA(10-)OFVACU!JMATVALVEWITH 
ENGINE IDLING. 

• RUN ENGINE AT PART THROTTLE (UNDER 2000 RPM). 
• AIR SHOULD GO TO EXHAUST PORTS UNTIL SYSTEM GOES 

CLOSED LOOP, THEN DIVERT. 

fi\ • IGN •oN-, ENGINE STOPPED. 
\:J • REMOVE CONNECTOR FROM DIVERT 

VALVE AND CONNECT A TEST LIGHT 
BETWEEN CONNECTOR TERMINALS. 

0: GROUND DIAGNOSTIC TERM. 
NOTE LIGHT. 

LIGHT .OFF• 

PROBE EACH TERMINAL 
WITH A TEST LIGHT TO 
GROUND. 

LIGHT •oN• ONE 

OPEN CKT 429 OR 
FAULTYECM. 
SEE QUAD !)RIVER 
CHECK (CHART C-1 ) 

LIGHT •oN• BOTH 

REPAIR SHORTTO 
VOLTAGE IN CKT 429. 

CKT 429 SHORTED TO GROUND 
OR FAULTY ECM. SEE QUAD 
DRIVER CHECK (CHART C-1) 

FAULTY DIVERT VALVE 
CONNECTIONS OR VALVE. 

7-2U7 

8S4705-6E 
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SECTION C6 
AIR INJECTION REACTION (A.I.R.) SYSTEM 

CONTENTS 
GENERAL DESCRIPTION • • • • • • • • • • • • • • • C6-1 

PURPOSE •••••••••• ·••••••••••••• C6-1 
OPERATION • • • • • • • • • • • • • • • • • • • • • • C6-1 
A.LR. CONTROL VALVE PEDES • • • • • • • • C6-1 
RESULTS OF INCORRECT OPERATION •••• C6-2 

DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • C6-2 
OPERATIONAL CHECKS • • • • • • • • • • • • • C6-2 

Air Pump • • • • • • • • • • • • • • • • • • • • • • (6 .. 2 

GENERAL DESCRIPTION 
PURPOSE 

The A.I.R. system helps reduce hydrocarbon (HC), 
carbon monoxide (CO), and oxides of nitrogen (NOx) 
exhaust emissions. It also heats up the catalytic 
converter quickly on engine start-up so conversion of 
exhaust gases can occur sooner. 

A dual bed converter is used. It consists of a three 
way catalyst ( which controls all three emissions) in 
series with a two way catalyst (which controls only HC 
and CO) both are in one housing. A pipe between the 
two converters allows air to be injected into the second 
(two way) converter to increase its efficiency to further 
control HC and CO. 

As shown in Figure C6-l, air can be directed to: 
• Atmosphere 
• Exhaust ports; or 
• Catalytic converter. 

OPERATION 

The system (Figure C6-1) includes: 
• AnAirPump 

The air pump is driven by a belt on the front of 
the engine and supplies the air to the system. 
Intake air passes through a centrifugal filter fan 
at the front of the pump; where foreign materials 
are separated from the air by centrifugal force. 

• A Control Valve (PEDES) 
Air flows from the pump through an ECM 
controlled valve (called a PEDES valve) through 
check valves to either the exhaust ports or the 
converter. 

• Check Valves 
The check valves prevent back flow of exhaust 
into the pump in the event of an exhaust bacldlre 
or pump drive belt failure. 

• Necessary Plumbing 

A.I.R. CONTROL VALVE PEDES 

Pressure operated electric divert/electric air 
switching (PEDES) valves are used on these engines. 

Hoses and Pipes • • • • • • • • • • • • • • • • • C&-3 
Check Valve ••••••••••••••••• · ••• C6-3 

ON-CAR SERVICE • • • • • • • • • • • • • • • • • • • • C6-3 
A.LR. PUMP.. • • • • • • • • • • • • • • • • • • • • C&-3 
AIR INJECTION CONTROL 

(PEDES) VALVE.................. C6-3 
A.I.R. CHECK VALVE •••••••••••••••• C6-4 

PARTS INFORMATION •••••••••••••••• C6-4 

DJ AIRPUMP 

(I] AIR TO AIR CONTROL VALVE 

(I] RELIEF PLUS DIVERT AIR TO ATMOSPHERE 

W AIR CONTROL VALVE {PE DES) 

I]] AIR TO OXIDIZING CATALYST 

[I) CHECK VALVE 

[zJ OXIDIZING CATALYST 

W REDUCING CATALYST 

W AIR TO EXHAUST PORTS 

[ill AIR INJECTION PIPES 9S 5521 ·6£ 

Figure C6-1 -A.1.R. System Operation 

The diverting and switching functions are 
electronically controlled by the ECM, which grounds 
to complete the circuit and energize the solenoid. Self
generated pressure from the A.LR. pump is used to 
operate the valve, which is completely independent of 
manifold vacuum. 
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Air enters the body of the valve from the pump. 
Air pressure builds against the control valve and for: 

• 

• 

• 

Cold Mode - The port solenoid is energized 
which in turn opens the port valve and allows 
flow to the exhaust ports. 
Warm Mode - The port solenoid is de-energized 
and the converter solenoid energized which 

· closes the port valve and keeps the converter 
valve seated, thus forcing flow past the 
converter valve and to the converter. 
Divert Mode - Both solenoids are de-energized 
which opens the converter valve, allowing air 
to take the path of least resistance, i.e., out the 
divert/relief tube to atmosphere. 

OJ TO CONVERTER 

I]] TO EXHAUST PORTS 

(I] RELIEF+ DIVERT AIR 

WAIR INLET 

!]]SOLENOID 

4S0506-6E 

Figure C6-2 -A.I.R. System Control Pedes Valve 

Air is diverted to the atmosphere under the 
f oliowing conditions: 

• 
• 
• 
• 

Rich operation . 
When the ECM recognizes a problem and sets a 
trouble code. 
During deceleration, 
During high rpm operation when air pressure is 
greater than the setting for the internal relief 
valve. 

RESULTS OF INCORRECT OPERATION 

lf no air (oxygen) flow enters the exhaust stream 
at the exhaust ports, HC and CO emission levels will 
be too· high. 

Air flowing to the exhaust ports at all times could 
increase temperature of the converter. 

Air flowing at all times to the catalytic converter 
may cause converter overheating during rich 
operation. 

Mechanical failures in the valves could cause the 
air to flow incorrectly to the exhaust ports or the 
converter. 

Electrical failure (open circuit) of the control valve 
will divert air flow to atmosphere at all times. 

DIAGNOSIS 

The diagnosis of the AIR system is covered in 
CHART C-6 at the end of this section. 

OPERATIONAL CHECKS 

Air Pump 

The air pump is a positive displacement vane type 
which is permanently lubricated and requires no 
periodic maintenance. 

Accelerate engine to approximately 1500 rpm's 
and observe air flow from hose(s). If air flow increases 
as engine is accelerated, pump is operating 
satisfactorily. lf air flow does not increase or is not 
present, proceed as follows : 

IL•I Inspect 
1. For proper drive belt tension. 
2. For a leaky pressure relief valve. Air may be 

heard leaking with the pump running. 

NOTICE: If the engine or underhoodcompartment is 
to be cleaned with steam or high-pressure 
detergent, the centrifugal filter fan should 
be masked off to prevent liquids from 
entering the pump (see Figure C6-3). 

rn Important 
The A.LR. system is not completely noiseless. 
Under normal conditions, noise rises in pitch as 
engine speed increases. To determine if excessive 
noise is the fault of the air injection reactor 
system, operate the engine with the pump drive 
belt removed. If excessive noise does not exist 
with the belt removed proceed as follows: 

IL•I Inspect 
3. For a seized air injection pump. 
4. Hoses, tubes and all connections for leaks and 

proper routing. 
5. For air flow to pedes valve. 
6. AIR injection pump for proper mounting and bolt 

torque. 
7. [fno irregularities exist and the A.I.R. pump noise 

is still excessive, remove and replace pump. 

CAUTION: Do not oil pump as damage may 
result. 
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Hoses and Pipes 

IL•I Inspect 
1. Hose or pipe for deterioration or holes. 
2. All hoses or pipe connections, and clamp tightness. 
3. Hose or pipe routing. Interference may cause 

wear. 
4. If a leak is suspected on the pressure side of the 

system or if a hose or pipe has been disconnected 
on the pressure side, the connections should be 
checked for leaks with a soapy water solution. 
With the pump running, bubbles will form if a 
leak exists. 

Check Valve 

IL•I Inspect 

1. A check valve should be inspected whenever the 
hose is disconnected from a check valve or 
whenever check valve failure is suspected. CA 
pump that had become inoperative and had shown 
indications of having exhaust gases in the pump 
would indicate check valve failure). 

2. Blow through the check valve (toward the cylinder 
head) then attempt to suck back through the check 
valve. Flow should only be in one 
direction(toward the exhaust manifold). Replace 
valve which does not operate properly. 

ON-CAR SERVICE 

A.I.R. PUMP 

E3 Remove or Disconnect 

1. Hold pump pulley from turning by compressing 
drive belt, then loosen pump pulley bolts. 

2. Drive belt and pulley. 
3. Hoses, vacuum, and electrical connections from 

pedes valve. 
4. A.I.R. pump mounting bolts, and pump assembly 

(See Figure C6-3). 

E3 Install or Connect 

l. A.LR. pump assembly, and tighten mounting 
bolts. 

2. Spacer and pump pulley against centrifugal filter 
fan. 

3. Pump pulley bolts and tighten equally to 13 N·m 
(10 lb. ft) . 

4. Check system for proper operation (see CHART 
C-6). 

Figure c&-3 - A.I.R Pump Service 

AJ.R. CONTROL VALV-E (PEDES) 

E3 Remove or Disconnect 

1. Battery ground cable. 
2. Adapter bolts (See Figure C6-4). 
3. Air outlet hoses from valve. 
4. Splash guard/cover 

854'11-6E 

5. Electrical connectors and vacuum hoses from 
valve. 

6. Control valve. 

a· Install or Connect 

l. Control valve. 
2. Electrical connectors. 
3. Splash guard/cover. 
4. Air hoses to valve. 
5. Adapter bolts. 
6. Battery ground cable. 
7. Check system operation (see CHART C-6). 
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A.I.R. CHECK VALVE 

E3 Remove or Disconnect 

1. Release clamp and disconnect air hoses from check 
valve. 

2. Unscrew check valve from air injection pipe. 

E3 Install or Conned 

1. Screw check valve onto air injection pipe. 23 N·m 
(17 lb. ft.). 

2. Position air hoses on check valve and secure with 
clamp. 

[I] BOLT 

IT] AIR INJECTION CONTROL 
VALVE 

IT] AIR INJECTION CONTROL 
VALVE COVER m AIR INJECTON CONTROL 
VALVE ADAPTER GASKET 

[}J AIR INJECTION CONTROL 
VALVE PIPE 

(TI AIR INJECTION CONTROL 
VALVE SILENCER 

[fJ SCREW 

95 5515-6E 

Figure C&-4 - ftEDES Valve Service 

PARTS INFORMATION 

PART NAME GROUP 

Adapter, AIR Inj Cont Vlv ••••••••••••• . 3.671 
Brace, AIR lnj Pump • • • • • • • • • • • • • • • • • 3.655 
Bracket, AIR Inj Pump • • • • • • • • • • • • • • • 3.655 
Gasket, AIR Inj Dvtr Vlv El • • • • • • • • • • • • 3.671 
Harness, AIR Inj Cont Vlv Vac • • • • • • • • • • 3.675 
Hose, AIR Inj Cont Vlv • • • • • • • • • • • • • • • • 3.675 
Hose, AIR Inj Cont Vlv Dvtr • • • • • • • • • • • 3.675 
Hose, Ctltc Conv AIR Inj Chk Viv • • • • • • • 3.675 
Pipe, AIR Inj Ctltc Conv Chk Vlv • • • • • • • • 3.690 
Pipe, Ctltc Conv AIR Inj • • • • • • • • •.• • • • • • 3.675 
Pulley, AIR Inj Pump • • • • • • • • • • • • • • • • • 3.650 
Pump, AIR lnj • • • • • • • • • • • • • • • • • • • • • 3.660 
Silencer AIR lnj Cont Vlv • • • • • • • • • • • • • 3.660 
Support, AIR Inj Pump • • • • • • • • • • • • • • • • 3.660 
Valve, AIR Inj Cont • • • • • • • • • • • • • • • • • • 3.670 
Valve, AIR Inj Eng Chk • • • • • • • • • • • • • • • 3.670 
Valve, CtltcConv AIRinj Chk • • • • • • • • • 3.670 



DRIVEABIUTY AND EMISSIONS 5.0L (VIN f} & 5.7L.(VIN·S}_ 6E3=.C~$ 

BLANK 



6E3-C6-6 5.0L (VIN F} & ~._7L (VIN 8) DRIVEABILITY AN_D.EMISSIONS 

D] (i] II] miil mi lfil (jJ 

cm ro I]] rn rn im 

l,P. HARNESS CONNECTOR 
15WAY.(FRONTVIEW) 

TO 
CATALYITIC 
CONVERTER ECM 

A B A B 

BLACK GRAY 
CONN CONN 

436BRN 
IGN. 39 

429 BLK/PNK 
BLK/PNK 

7-28-87 

CHARTC-6 
AIR MANAGEMENT CHECK-CONTROL PEDES VALVE 

(PRESSURE OPERATED ELECTRICAL DIVERT/ELECTRIC SWITCHING) 
5.0L (VIN F) & 5.7L (VIN 8) ''F" CARLINE (PORT) 

Circuit Description: · 

..!.. 
-= 
_!_ 
-= 

2-24-87 

• as 4253-6E 

Afr management is controlled by a pressure operated port valve and a converter valve, each with an ECM 
controlled solenoid. When the solenoid is grounded by the ECM, AIR pressure will activate the valve and allow 
pump air to be directed as follows: 

• Cold Mode - The port solenoid is energized which in turn opens the port valve and allows flow to the 
exhaust ports. 

• Warm Mode - The port solenoid is de-energized and the converter solenoid energized which closes the 
port valve and keeps the converter valve seated, thus forcing flow past the converter valve and to the 
converter. 

• Divert Mode - Both solenoids are de:-energited, which opens the converter valve, allowing air to take the 
path ofleast resistnance, i.e., out the divert/relief tube to atmosphere. 

Test Description: Numbers below refer to circled 3. This checks for a grounded circuit to the ECM. 
numbers on the diagnostic chart. Test light "OFF" is normal and would indicate the 
1. This is a system functional check. Air is directed circuit is not grounded. 

to ports during "Open Loop" and all engines start 4. Checks for an open in the solenoid control circuits. 
in "Open Loop" even on a warm -engine. Since the Grounding the "test" terminal should ground both 
air to the ports may be very short, prepare to solenoid circuits. Normally, the test light should 
observe port air prior to engine start up. This can be "ON", which indicates the problem is not in the 
be done by squeezing a hose. ECM or wiring but at the solenoid connections or 

2. This should normally set a Code 22. When any valve itself. 
code is set, the ECM opens the ground to the 5. Checks for a grounded solenoid circuit. Test light 
converter solenoid and allows air to divert. This "OFF" would indicate the circuit is normal and 
checks for ECM response to a fault. A ground in fault is in the valve. 
the control valve circuit to the ECM would prevent 
divert action. 
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CONVERTER AIR FROM 
SOLENOID ljlMP AIR TO 

/_ L-. I ,J CON/VERTER 

CHARTC-6 

@1 ,~ 
AIR MANAGEMENT CHECK-CONTROL PEDES VALVE 

(PRESSURE OPERATED ELECTRIC DIVERT/ 
ELECTRIC SWITCHING) 

t'rn~ 
5.0L (VIN F) & 5.7L (VIN 8) "F" CARLINE (PORT) 

). I ..., AIRTO 
\ EXHAUST 

PORT PED ES PORTS 
SOLENOID VALVE 

0: •DIAGNOSTIC" TERMINAL UNGROUNDED. 
START ENGINE, RUNNING AT PART THROTTLE, BELOW 2000 RPM, AIR SHOULD BE 
FELT AT OUTLET TO EXHAUST PORTS DURING •oPEN LOOP• OPERATION (FROM 6 
SECONDS TO 3 MINUTES ON WARM ENGINE DEPENDING ON APPLICATION) AND 
SWITCH TO CONVERTER WHEN SYSTEM GOES •cLOSED LOOP•. 

I 
■ 

PORTTHEN DIVERT ONLY I 
I 

■ 

CONSTANT PORT OR CONVERTER AIR 

I 
DISCONNECT TPS 
CONNECTOR AT IDLE 
AND AIR SHOULD 
DIVERT TO 
ATMOSPHERE AFTER A 
FEW SECONDS. 

/4' • IGNITION "ON", ENGINE 
'=..) STOPPED ®: IGNITION "ON", ENGINE STOPPED. 

•01AGNOSTIC • TERMINAL NOT 
GROUNDED. 

NODIVERT I $ 
© • IGNITION • oN~. NO TROUBLE 

ENGINE FOUND. 
STOPPED. CLEAR 

• DISCONNECT MEMORY 
CONVERTER AND REVIEW 
SOLENOID SYMPTOMS 
ELECT. SECTION "B". 
CONNECTOR 
AND CONNECT 
TESTUGHT 
BETWEEN 
HARNESS 
CONNECTOR 
TERMINALS 

• NOTEUGHT. 

■ ■ 

LIGHT ·ON" I LIGHT"OFF" 
I I 

CHECK CKT 429 FOR REPLACE 
SHORT TO GROUND. PEDES 
IF NOT GROUNDED, VALVE. 
IT IS A FAUL TY ECM. 

• GROUND "DIAGNOSTIC" 
TERMINAL 

• DISCONNECT CONVERTER 
VALVE SOLENOID 

• CONNECT TEST LIGHT 
BETWEEN HARNESS 
CONNECTOR TERMINALS AND 
NOTE LIGHT. 

I 

LIGHT · oFF " I LIGHT"ON" I 
I I 

• CONNECT FAULT IS 
TEST LIGHT CONVERTER 
BETWEEN VALVE 
CKT39 SOLENOID, 
AND CONNECTION, 
GROUND. OR VALVE. 

■ 

■ ■ 

LIGHT .OFF" I LIGHT"ON" I 
■ I 

OPENCKT39 I OPENINCKT 
429. FAULTY 
ECM 
CONNECTION 
ORECM. 

• DISCONNECTPORTVALVE 
SOLENOID 

• CONNECTTESTLIGHTBETWEEN 
HARNESS CONNECTOR TERMINALS 
AND NOTE LIGHT. 

■ 

LIGHT " OFF" I LIGHT"ON" I 
I I 

• GROUND GROUNDEDCKT 

" DIAGNOSTIC" 436 OR FAULTY 

TERMINAL. ECM. 

• NOTETEST 
LIGHT. 

■ ■ 

LIGHT "OFF. I LIGHT"oN· I 
■ ■ 

• CONNECT FAULTY 
TEST LIGHT CONNECTION AT 
.BETWEEN PORT SOLENOID 
CKT39 OR FAULTY 
AND PEDES VALVE. 
GROUND. 
I 

■ ■ 

LIGHT "OFF. I LIGHT"ON" I 
■ -

REPAIR OPEN OPEN CKT 436. 

CKT39 FAULTY 
CONNECTION OR 
ECM. 

ss 1669 
7-31-87 

,.. 
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SECTION C7 
EXHAUST GAS RECIRCULATION (EGR) SYSTEM_ 

CONTENTS 
GENERAL DESCRIPTION • • • • • • • • • • • • • • • • 0·1 

PURPOSE •• "...................... 0-1 
OPERATION • • • • • • • • • • • • • • • • • • • • • • • 0~1 
ELECTRONIC VACUUM REGULATOR 
VALVE•••••••••••••••••••••••••:• 0-1 
PORT EGR VALVE ••••••••••••••••••• C7-2 
EGR VALVE IDENTIFICATION ••••••••••• C7-2 
RESULTS OF INCORRECT OPERATION ••• 0-2 

DIAGNOSIS ••••••••••••••••••• ~ • • • • • C7-2 

GENERAL DESCRIPTION 

PURPOSE 

The EGR system is used to lower NOx (oxides of 
nitrogen) emission levels caused by high combustion 
temperature. It does this by decreasing combustion 
temperature. 

The main element of the ~ystem is the EGR valve 
operated by vacuum and mounted "ON" the intake 
manifold. 

The EGR valve feeds small amounts of exhaust 
gas back into the combustion chamber as shown in · 
Figure C7- l. 

OPERATION 

The EGR valve is opened by vacuum to let exhaust 
gas flow into the intake manifold. The exhaust gas 
then moves with the air/fuel mixture into the 
combustion chamber. If too much exhaust gas enters, 
combustion will not occur. For this reason, very little 
exhaust gas is allowed to pass through the valve, 
especially at idle. The EGR valve is usually open 
during warm engine operation and when the vehicle is 
above idle speed. 

The amount of exhaust gas recirculated· is 
controlled by variations in vacuum and the EGR 
vacuum control solenoid. 

ELECTRONIC VACUUM REGULATOR VALVE 

The Electronic Vacuum Regulator Valve (EVRV) 
uses "pulse width modulation" to control EGR flow. 
This means the ECM turns the solenoid "ON" and 
"OFF many times a second and varies the amount of 
"ON" time ("pulse width") to vary the amount of EGR. 

ON-CAR SERVICE • • • • • • • • • • • • • • • • • • • • • C7-2 
EGR VALVE •••••••••••••••••••••••• C7-2 

EGR Manifold Passage • • • • • • • • • • • • • • C7-2 
EGR Manifold Passage • • • • • • • • • • • • • • C7-3 

ELECTR0NICVACUUM REGULATOR 
VALVE ••••••••••••••••••·••·•••• C7-4 
EVRV FILTER REPLACEMENT •••••••••• C7-4 

PARTS INFORMATION • • • • • • • • • • • • • • • • • C7-4 

OJ EGR VALVE @J INTAKE AIR 

(1] EXHAUST GAS (!] EGR VACUUM PORT 
4S0001-6E 

Figure 0-1 - Exhaust Gas Recirculation 

The ECM uses information from the following 
sensors to enable the EVRV: 
• Throttle position sensor (TPS) 
• PIN Switch 
• Manifold absolute temperature (MAT) 

The ECM uses information from the following 
sensors to regulate the EVRV: 
• Engine Load 
• Coolant Temperature 
• Distributor (rpm Signal) 
• Torque Converter Clutch (TCC) 

A diagnostic switch is part of the control and 
monitors vacuum to the EGR valve. This switch will 
trigger a .. Service Engine Soonn light, and set a Code 
32 in the event of a vacuum circuit failure. 
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[I] EGRVALVE [!J DIAPHRAGM 

[[) EXHAUSTGAS ([] VALVEOPEN m INTAKE AIR m VALVE CLOSED 

(I] VACUUM PORT I]] SPRING 4S 0536-fiE 

Figure 0-2 - Port EGR Valve 

PORT EGR VALVE 

The port EGR valve (Figure C7-2) is controlled by 
a flexible diaphragm which is spring loaded to hold 
the valve closed. Ported vacuum applied to the top 
side of the diaphragm overcomes the spring pressure 
and opens the valve in the ~xhaust gas port. This 
allows exhaust gas to be p111led into the intake 
manifold and enter the engine cylinders. 

EGR VALVE IDENTIFICATION 

• Negative backpressure EGR valves will have an 
"N" stamped on the top side of the valve after the 
part number (Figure C7-4). 

• Positive backpressure EGR valves will have a "P'' 
stamped on the top side of the valve, after the part 
number. 

• Port EGR valves have no identification stamped 
after the part number. 
When replacing an EGR valve, always check for 

correct part number in the parts catalog or 
supplemental bulletin. 

RESULTS OF INCORRECT OPERATION 

Too much EGR flow tends to weaken combustion, 
causing the engine to run roughly or stop. · With too 
much EGR flow at idle, cruise, or cold operation, any 
of the following conditions may happen: 
• Engine stops after cold start. 
• Engine stops at idle after deceleration. 
• Car surges during cruise. 
• Rough idle. 

If the EGR valve should stay open all of the time, 
the engine may not idle. 

1. ASSEMBLY PLANT CODE 
2. PART NUMBER 
3. DATE BUILT 
4. LOOK HERE FOR LETTER: 

P • POSITNE BACK PRESSURE 
N • NEGATIVE BACK PRESSURE 

2 1 

* 4S0538-6E 
BLANK•PORTEDVALVE 2-27-87 

Figure 0-4- EGR Valve Identification 

Too little or no EGR flow allows combustion 
temperatures to get too high during acceleration and 
load conditions. This could cause: 
• Spark knock (detonation). 
• Engine overheating. 
• Emission test failure. 

DIAGNOSIS 

Diagnosis of the EGR system is covered in CHART 
C-7 for the 2.8L at the end of this section. 

ON-CAR SERVICE 

EGRVALVE 

EJ Remove or Disconnect 

1. Vacuum line 
2. Bolts 
3. EGRvalve 

E3 Install or Connect 

1. EGRvalve 
2. Bolts 
3. Vacuum line 

EGR Manifold Passage 

IL•I Inspect 

If EGR passages in the inlet manifold indicate 
excessive build-up of deposits, the passages should be 
cleaned. Care should be taken to ensure tlult all loose 
particles are completely removed to prevent them 
from clogging the EGR valve or from being ingested 
into the engine. 
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(JJ EGRVALVE 

(I] BOLTS 121 31 N·m 123 FT .LBS.I 
uJ GASKET 

---m 

7S3320-6£ 

Figure C7-5 - EGR to Manifold Mounting 

Do not wash EGR valve in solvents or degreaser-
permanent damage to valve diaphragm may result. 
Also sand blasting of the valve is not recommended, 
since this can affect the operation of the valve. 

~Clean 

1. With a wire wheel, buff the exhaust deposits from 
the mounting surface and around the valve. 

2. Look for exhaust deposits in the valve outlet. 
Remove deposit build-up with a screwdriver. 

3. Clean mounting surfaces of intake manifold and 
valve assembly. 

EGR Manifold Passage 

(L•f 1nspect 
If EGR passages in the inlet manifold indicate 

excessive build-up of deposits, the passages should be 
cleaned. Care should be take~ to ensure that all loose 
particles are completely removed to prevent them 
from clogging the EGR valve or from being ingested 
into the engine. 

Do not wash EGR valve in solvents or degreaser-
permanent damage to valve diaphragm may result. 
Also, sand blasting of the valve is not recommended 
since this can affect the operation of the valve. 

~Clean 

1. With a wire wheel, buff the exhaust deposits from 
the mounting surface and around the valve. 

2. Look for exhaust deposits in the valve outlet. 
Remove deposit build-up with a screwdriver. 

3. Clean mounting surfaces of intake manifold and 
valve assembly. 

OJ EGA CONTROL (I] EGA DIAGNOSTIC 
SOLENOID VACUUM SWITCH 

5S 1488-6£ 

Figure C7-6 - EGR Control SOienoid 

OJ EGA VACUUM CONTROL 
ASSEMBLY BASE 

[TI EGA VACUUM DIAGNOSTIC 
SWITCH 

[TI DIAGNOSTIC SWITCH CONNECTORS 

II) EGA SOLENOID 

ffi FILTER 
451182-&EA 

Figure C7•7 • EGR Vacuum Control Assembly 
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ELECTRONIC VACUUM REGULATOR VALVE 

E3 Remove or Disconnect 

1. Negative battery cable. 
2. Electrical connector at regulator. valve 
3. Vacuum hoses. 
4. Nut and regulator valve. 

E3 Install or Connect 

1. Regulator valve and bracket, tighten nut to 
24 N • m (17 lb. ft.). 

2. Vacuum hoses 
3. Electrical connector 
4. Negative battery cable 

EVRV FILTER REPLACEMENT 

The EVRV filter should be replaced every 30, 000 
miles. 
1. Grasp and pull filter "OFF" with a rocking motion. 
2. Push new filter "ON", making sure cut-out for 

wires is properly aligned. 

PARTS INFORMATION 

PARTS NAME GROUP 

Valve, EGR • • • • • • • • • • • • • • • • • • • • • • • • 3.670 
Gasket, EGR Valve •••••••••••••••••• 3.680 
Control, EGR Vacuum •••••••••••••••• 3.670 
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N.O. 

EGR 
OLENOID 

N.C. 

EGR VAOJUM DIAGNOSTIC SWITCH 

VENT ALTER 

PORTED 
MANIFOLD 
VAOJUM 

IGN. 

39BLK/PNK 

---435GRY 

t--- 997WHT 

450BLK/WHT 

GAGES 

ECM 

* 5S2015-6E 

CHARTC--7 

Circuit Desuiption: 

EXHAUST GAS RECIRCULATION CHECK 
2.SL (VIN S) .,F,, CARLINE (PORT) 

The EGR valve is controlled by a normally closed solenoid (allow a vacuum to pass when energized). The 
ECM energizes the solenoid to turn the EGR "ON", and monitors vacuum to the EGR with the EGR diagnostic 
switch. Code 32 will detect a f~ulty solenoid, vacuum switch or vacuum supply. CHART C-7 checks for plugged 
EGR passages, a sticking EGR valve, or a stuck open solenoid. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. With the ignition "ON" engine stopped, the 

solenoid should not be energized and vacuum 
should not pass to the EGR valve. 

2. Grounding the diagnostic terminal will energize 
the solenoid and allow vacuum to pass to valve. 

3. Checks for pluged EGR passages. If passages are 
plugged, the engine may have severe detonation on 
acceleration. 

4. The EGR solenoid will not be energized in Park or 
Neutral. This test will determine if the 
Park/Neutral switch input is being received by the 
ECM. 



DRIVEABIUTY AND EMISSIONS 2.8L (VIN S) . 6E3-C7-7 

ASSUMES NO CODE 32 IS STORED 

CHARTC-7 
EXHAUST GAS RECIRCULATION CHECK 

2.SL (VIN S) "F" CARLINE (PORT) 

(,\ • DISCONNECT EGR SOLENOID VACUUM HARNESS. 
\.:_I • ROTATE HARNESS AND REINSTALL ONLY THEEGRVALVE SIDE. 

0 

0 

• CHECX PORTED VACUUM SOURCE TO SOLENOID ( IF NOT OK. REPAIR). 
• INSTALL A HAND HELD VACUUM PUMP WITH GAGE ON MANIFOLD SIDE 

OF EGR SOLENOID. 
• IGNITION •oN•, ENGINE STOPPED. 
• DIAGNOSTIC TERMINAL NOT GROUNDED. 
• APPLYVACUUM. 
• OSBSERVE EGR VALVE. 
• VALVE SHOULD NOT MOVE. 

VALVE DOES NOT MOVE VALVE MOVES 

• · GROUND DIAGNOSTIC TERMINAL 
• REPEATTEST. 

• DISCONNECT EGR SOLENOID ELECTRICAL CONNECTOR. 

VALVE MOVES 

• STARTANDIDlE ENGINE. 
• LIFT UP ON EGR VALVE 

AND OBSERVE IDlE. 

IDU ROUGHENS 

VALVE DOES NOT MOVE 

REPlACEEGR 
VALVE. 

• REPEATTEST. 

VALVE MOVES 

REPLACE 
SOLENOID. 

VALVE DOES NOT MOVE 

CHECK CKT 435 FOR SHORT TO 
GROUND. IF NOT SHORTED, IT IS 
A FAULTY ECM. SEE ECM QUAD 
ORIVERCHECK(CHARTC-1). 

f7\ • RECONNECT EGR SOLENOID. 
\.::.,I • CONNECT VACUUM GAGE TO VACUUM 

• REMOVE EGR VALVE. 
• CHECK PASSAGES FOR BEING PLUGGED. 

HARNESS AT EGRVALVE, 
• ENGINE AT NORMAL OPERA TING TEMP. 
• IN DRIVE {AUTOMATIC TRANS.) 
• HOLD BRAKES AND ACCELERATE 

MOMENTARILY UP TO ABOUT 1800 RPM. 
• OBSERVE GAGE 
• SHOULD HAVE OVER 2• VACUUM BUT 

LESS THAN to•. 

NO TROUBLE 
FOUND. 

EGR SYSTEM OK. 

OVER 10• VACUUM 

REPLACEEGR 
FILTER. 

IF NOT PLUGGED REPLACE EGR VALVE. 

NO VACUUM OR 
LESS THAN 2•. 

IF THERE ARE NO RESTRICTIONS IN 
VACUUM LINES. PERFORM PIN 
SWITCH CHECK. CHART C-1 A A/T 
ONLY. 

CLEAR CODES AND CONFIRM •CLOSED LOOP• OPERATION AND NO •SERVICE ENGINE SOON• LIGHT. 7-31-87 
85C69fi-6E 



6E3-C7-8 2.SL (VIN S) DRIVEABILITY AND EMISSIONS . . 

BLANK 



DRIVEABIUTY AND EMISSIONS 5.0L (VIN F} & 5.7L (VIN 8) 6E3-C7-1· 

SECTION C7 
EXHAUST GAS RECIRCULATION (EGR) SYSTEM 

CONTENTS 
GENERAL DESCRIPTION •••••••••••••••• C7-1 

PURPOSE •••••••• ·•• • • • • • • • • • • • • • • • C7-1 
OPERATION ••••••••••• ~ ••••••••••• C7·1 
EGR CONTROL • • • • • • • • • • • • • • • • • • • • C7-1 
NEGATIVE BACKPRESSURE EGR VALVE •• C7-1 
EGR VALVE IDENTIFICATION ••••••••••• C7-2 
RESULTS0FINC0RRECT0PERATI0N ••• 0 .. 2 

GE~ERAL DESCRIPTION 

PURPOSE 

The EGR system is used to lower NO:c (oxides of 
nitrogen) emission levels caused by high combustion 
temperature. It does this by decreasing combustion 
temperature. 

The main element of the system is the EGR valve 
operated by vacuum and mounted on the intake 
manifold. 

The EGR valve allows small amounts of exhaust 
gas back into the combustion chamber as shown in 
Figure C7-1. 

OPERATION 

The EGR valve is opened by vacuum to let exhaust 
gas flow into the intake manifold. The exhaust gas 
then moves with the air/fuel mixture into the 
combustion chamber. H too much exhaust gas enters. 
combustion will not occur. For this reason, very little 
exhaust gas is allowed to pass through the val v~, 
especially at idle. The EGR valve is usually open 
during warm engine operation and when the vehicle is 
above idle speed.· 

The amount of exhaust gas recirculated is 
controlled by variations in vacuum and the EGR 
vacuum control solenoid. 

EGRCONTROL 

The EGR vacuum control has a vacuum solenoid 
that uses "Pulse Width Modulationn (PWM). 
This means the ECM turns the solenoid "ON" and 
"OFF" many times a second and varies the amount of 
"ON" time ( .. pulse_ width") to vary the amount of EGR. 

The EGR diagnostic termperature switch 
mo'1itors the temperature of air that flows past the 
EGR valve, . when the air is hot enough the switch 
closes. . . 

DIA-GNOSIS .......................... ~ C7-2 
EGR VALVE •••••••••••••••••••••• . C7-2 
EGR Manifold Passage ••••••••••••••• C7-2 
EGR CONTROL SOLENOID •••••••••••• C7-3 

PARTS INFORMATION ••••••••••••••••• 0-3 

[I) EGR VALVE 

III EXHAUST GAS 

(!J INTAKE AIR 

0 EGR .VACUUM PORT 
45 0001-6£ 

Figure C7-1 - Exhaust Gas Recirculation 

During cold . operation and at idle, the solenoid 
circuit is not grounded by the ECM. This blocks 
vacuum to the EGR valve. 

Grounding the ALDL diagnostic "test" terminal, 
with the ignition "ON" and the engine not running, 
will energize the solenoid. 

NEGATIVE BACKPRESSURE EGR VALVE 

The valve on this engine is called a negative 
backpressure valve. It varies the amount of exhaust 
gas flow into the m·anuold depending on manifold 
vacuum an.d variations in exhaust backpre.ssure. 

The diaphragm. on this valve (shown in Figure 
C7 -2) has an internal vacuum bleed hole which is held 
closed by a small spring when there is no exhaust 
back.pressure. The amount of vacuum to the valve is 
controlled by the ECM controlling a solenoid. 

Engine vacuum opens the EGR valve against the 
pressure of a large spring. When manifold vacuum 
combines with negative exhaust backpressure, the 
vacuum bleed hole opens and the EGR valve closes. 
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O]EGRVALVE 

ffi EXHAUST GAS 

(!] INTAKE AIR . 

(I] VACUUM PORT 

(I]DIAPHRAGM 

(j] AIR BLEED 
HOLE 

[I] SMALL SPRING 
[iJ LARGE SPRING 

450113-6E 

Figure C7-2 • Negative Backpressure EGR Valve 

EGRVALVE IDENTIFICATION 

• Negative baekpressure EGR valves will have an 
"N" stamped on the top side of the valve after the 
part number (Figure C7-3). 

• Positive backpTessure EGR valves will have a "P" 
stamped on the top side of the valve, after the part 
number. 

• Port EGR valves have no identification st.amped 
after the part number. 
When replacing an EGR valve, always check for 

correct part number in the parts catalog or 
supplemental bulletin. 

RESULTS OF INCORRECT OPERATION 

Too much EGR flow dilutes the fresh air/fuel 
mixture, causing the engine to run roughly or stop. 
With too much EGR flow at idle, cruise, or cold 
operation, any of the following conditions may 
happe~: 
• Engine stops after cold start. 
• Engine stops at idle after deceleration. 
• Car surges during cruise. 
• Rough idle. 

If the EGR valve should stay open all of the time, 
the engine may not idle. 

1 7 0 I 2 1 

~ 
&--0 

1. ASSEMBLY PLANT CODE 
2. PART NUMBER 
3. DAT£ BUILT 
4. LOOK HERE FOR LETTER: 

* 450538-6E 
P • POSITNE BACK PRESSURE 
N., NEGATIVE BACK PRESSURE 
BLANK,. PORTED VALVE 2-27-87 

Figure 0·3 • EGR Valve Identification 

Too little or no EGR flow allows combustion 
temperatures to get too high during acceleration and 
load conditions. This could cause: 
• Spark knock (det.onation). 
• Engine 0-verheating. 
• Emission test failure. 

DIAGNOSIS 

Diagnosis of the EGR system is covered in CHART C-7 
at the end of this section. 

EGRVALVE 

E3 Remove or Disconnect 

1. Plenum (See Plenum R&R). 
2. Vacuum line. 
3. Retaining bolts. 
4. EGR valve. 

E3 Install or Connect . 
1. Reinstall valve or replacement EGR valve on 

int.ake manifold using new gasket. 
2. Bolts and tighten to 18 N·m (14 lb. ft.). 
3. Vacuum line to valve. 
4. Plenum. 

EGR Manifold Passage 

[L•I Inspect 
If EGR passages in the inlet manifold indicate 

excessive build-up of deposits, the passages should be 
cleaned. Care should be t.aken to ensure that all loose 
particles are completely removed · to prevent them\ 
from clogging the EGJt valve or from being ingested 
into the engine. 
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DJ EGR SOLENOID 
(I] COIL 
W BOLT (2121 N·m 

(18 FT. LBS.) 

W EGFIVALVE 
IT] BOLTS(21 
W EGFI DIAG TEMP SWITCH 

12 N·m (105 IN. LBS.) 
753321-iEA 

Figure C7--4. EGR and Solenoid Service 

Do not wash EGR valve in solvents or degreaser
permanent damage to valve diaphragm may result. 
Also, sand blasting of the valve is not recommended 
since this can affect the operation of the valve. 

~ Clean 

1. With a wire wheel, buff the exhaust deposits from 
the mounting surface and around the valve. 

2. Look for exhaust deposits in the valve outlet. 
Remove deposit build-up with a screwdriver. 

3. Clean mounting surfaces of intake manifold and 
valve assembly. 

EGR CONTROL SOLENOID 

E3 Remove or Disconnect 

1. Negative battery cable. 
2. Electrical connector at solenoid 
3. Vacuum hoses. 
4. Nut and solenoid. 

EJ Install or Connect 

1. Solenoid and bracket, tighten nut to 24 N-m 
(17 lb. ft.). 

2. Vacuum hoses. 
3. Electrical connector. 
4. Negative battery cable. 

PARTS INFORMATION 

PARTS NAME GROUP 

Control, EGR Vacuum • • • • • • • • • • • • • • • • 3.670 
Gasket, EGR Valve • • • • • • • • • • • • • • • • • • 3.680 
Valve, EOR • • • • • • • • • • • • • • • • • • • • • • • • 3.670 
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PORTED 
MANIFOLD 
VACUUM 

TO 
IGN 

GAGES 
FUSE 

EGR 
SOLENOID 

N.O. 

~ 39BLK/PNK 

BULKHEAD 
CONNECTOR 

7-21-87 

'--------+-1--------- 435GRY 

.---_.,.:)>---- 999 DKGRN 

---~ 
N.O; 

NTAKE EGR TEMPERATURE DIAGNOSTIC SWITCH 

CHARTC-7 
EXHAUST GAS RECIRCULATION {EGR) CHECK 

- S.OL (VIN F) & 5.7L (VIN 8) .. F,. CARLINE (PORTI 
Circuit Description: 

ECM 

6-22-88 
8S4249-6E 

The Exhaust Gas Recirculation (EGR) valve is controlled by, a normally open, Pulse Width Modulated 
(PWM) solenoid. The ECM turns the solenoid "OFF" to allow vacuum to pass to the EGR and turns the solenoid 
"ON" to prohibit EGR operation. When EGR is commanded, the solenoid is turned "ON" and "OFF" many 
times a second (duty cycle). 

The duty cycle is calculated by the ECM based on information from the coolant, MAT, TPS, and MAF 
sensors. Also, engine rpm's and the PIN switch input affect EGR. There should be no EGR when in park or 
neutral, TPS below a calibrated value or TPS indicating WOT. 

With the ignition "ON" and engine stopped, the EGR solenoid is de-energized. The solenoid, however, 
should be energized if the diagnostic terminal is grounded with the ignition "ON" and .engine not running. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. This will test the solenoid value to det-ermine if it 

is capable of closing off the manifold vacuum from 
the EGR valve. The vacuum may bleed off slowly 
but this should not be considered a fault. 

2. As soon as back pressure is available at the EGR 
valve, the bleed portion in the valve should open 
and cause the valve to go to its heated position. 

3. The EGR will be inoperative if the PIN switch is 
misadjusted or faulty. Use .. Scan" tool and check 
PIN switch. Refer to CHART C-1. 
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CHART( .. 7 
EXHAUST GAS RECIRCULATION (EGR) CHECK 

5.0L {VIN F) & 5.7L {VIN 8) •F" CARLINE {PORT) 

BEFORE USING THIS CHART, CHECK FOR PORTED VACUUM TO EGR SOLENOID, ALSO CHECK HOSES FOR 
LEAKS OR RESTRlcnONS. SHOULD BE AT LEAST r HG VACUUM AT 2000 RPM. THIS CHART ASSUMES 
THERE IS NO CODE 32. 

0 • IGNmON "ON• ENGINE STOPPED. 
• GROUND DIAGNOSTIC TERMINAL. 
• DISCONNECT EGR SOLENOID VACUUM HARNESS. 
• APPLY 10'" VACUUM TO MANIFOLD SIDE OF SOLENOID. 
• SHOULD BE ABLE TO HOLD VACUUM. 

• UNGROUND DIAGNOSTIC TERMINAL 
• VACUUM SHOULD DROP, 

NO DROP 

• IGNITION 'OFF'. 
• CONNECT A VACUUM 

PUMP TO EGR VALVE. 

• DISCONNECT SOLENOID 
ELECTRICAL CONNECTOR 

• USING A MIRROR, 
OBSERVE EGR 
DIAPHRAGM WHILE 
APPLYING VACUUM. 

• DIAPHRAGM SHOULD 
MOVE FREELY AND HOLD 
VACUUM FOR AT LEAST 
20SECONDS. 

0 • APPLYVACUUMTOEGRVALVE. 
• STARTENGINEANDIMMEDIATELY 

OBSERVE VACUUM. 

• NOTE VACUUM 

REPLACE 
SOLENOID 

• VALVE IS GOOD IF VALVE MOVES TO 
SEATED POSITION (VALVE CLOSED) AND 
VACUUM DROPPED WHILE STARTING 
ENGINE. 

CKT435 
SHORTED TO 
GROUND OR 
FAULTYECM 

0 IF AUTOMATIC TRANSMISSION, 
THEN CHECK PIN SWITCH. 

• REMOVE EGR VALVE. CHECK 
PASSAGES FOR BEING PLUGGED. 

NOTOK 

• DISCONNECT EGR SOLENOID 
ELECfRICAL CONNECTOR. 

• CONNECT A TEST LIGHT BETWEEN 
HARNESS TERMINALS. 

LIGHT'ON' 

REPLACE 
SOLENOID. 

PROBE EACH 
HARNESS 
CONNECTOR 
TERMINAL 
WITH A TEST 
LIGHT 
CONNECTED 
TO GROUND. 

UGHT"ON• 
ONE{CKT39) 

REPAIR OPEN OPEN CKT 435. 
CKT 39. CKT 435 

SHORTED TO 
VOLTAGE OR 
FAULTYECM. 

REPAIR 
SHORT TO 
VOLTAGE IN 
CKT435. 

• IF NOT PLUGGED, REPLACE EGRVALVE. 

IF OK THERE IS 
NO TROUBLE 
FOUND. 

CLEAR CODES AND CONFIRM "CLOSED LOOP" OPERATION AND NO "SERVICE ENGINE SOONn LIGHT. 
2-19-87 
5S 1592-6E 



6E3-C7-6 5.0L (VIN F) & 5.7L (VIN 8) DRIVEABILITY AND.EMISSIONS 

BLANK 



DRIVEABILITY AND EMISSIONS 2.8L (VIN S) 6E3-C8-1 

SECTION CS 
TRANSMISSION CONVERTER CLUTCH (TCC) SYSTEM 

AND MANUAL TRANSMISSION SHIFT LIGHT 

CONTENTS 

GENERAL DESCRIPTION . • • • • • • • • • • • • • • • • C&-1 
PURPOSE ••••••••••••••••••••••••• CS-1 
OPERATION ••••••••••••••••••••••• C&-1 

GENERAL DESCRIPTION 

PURPOSE 

The transmission converter clutch (TCC) system 
uses a solenoid operated valve in the automatic 
transmission to couple the engine flywheel to the 
output shaft of the transmission thru the torque 
converter. This reduces the slippage losses in the 
converter, which increases fuel economy. 

OPERATION 

For the converter clutch to apply, two conditions 
must be met: 
• Internal transmission fluid pressure must be. 

correct. For information on internal transmission 
operation, see Section "7 A". This section will cover 
only the electrical operation of the TCC system. 

• The ECM grounds a switch internally to turn on a 
solenoid in the transmission. This moves a check 
ball, which will allow the converter clutch to 
apply, if the hydraulic pressure is correct, as 
described above. 
The ECM controls the TCC apply solenoid by 

looking at several sensors: 
• Speedo Buffer Sensor (also called vehicle speed 

sensor (VSS). Speed must be above a certain value 
before the clutch can apply. 

• Coolant Temperature Sensor. Engine must be 
warmed up before clutch can apply about 65°C 
(149°F). 

• Throttle position sensor (TPS). After the 
converter clutch applies, the ECM uses the 
information from the TPS to release the clutch 
when the car is accelerating or decelerating at a 
certain rate. 

• The brake switch is also part of the TCC circuit as 
it will remove battery voltage to the TCC solenoid 
when the brake pedal is depressed. 

DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • • CB-1 
SHIFT LIGHT (MIT) DESCRIPTION •••••••• CS-1 

DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • • CB-1 
ON-CAR SERVICE • • • • • • • • • • • • • • • • • • • • • CB-1 

• Gear Select Switch. The 4th gear switch is used to 
send a signal to the ECM telling it when the 
transmission is in 4th gear. The ECM uses this 

· information to vary the conditions under which 
the clutch applies or releases. However, the 
transmission does not have to be in fourth gear in 
order for the ECM to turn the clutch on. 
If the converter clutch is applied at all times, the 

engine will stall immediately, just as in a manual 
transmission with the clutch applied. 

If the converter clutch does not apply, fuel 
ecomony may be lower than expected. If the vehicle 
speed sensor fails, the TCC will not apply. If the 4th 
gear switch does not operate, the TCC may not apply 
at the right time. 

DIAGNOSIS 

The diagnosis of the TCC system is covered in 
CHART C-8 . If the ECM detects a problem in the 
system, a Code 24 should set. In this case see_ Code 24 
CHART. 

SHIFT LIGHT {MIT) DESCRIPTION · 

The purpose of the shift light is to provide a 
display which indicates the optimum fuel economy 
point for up shifting the manual transmission based 
on engine speed and load. The display is a lamp on the 
instrument panel. Activation of the ECM' driver turns 
the lamp on. 

DIAGNOSIS 

The shift light circuit can be checked using 
CHARTC-8A. 

ON-CAR SERVICE 

• See Section "BB" if the shift light bulb needs 
replacement. 

• See Section "6E" to repair wiring problem. 
• See Section "6C" ifECM is to be replaced. 
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LP. HARNESS CONNECTOR 

15WAY.(FRONTVIEW) 
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15-WAY I.P. p 
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CHARTC-8 
(Page 1 of 2) 

AUTOMATIC TRANSMISSION CONVERTER CLUTCH (TCC) 
2.SL (VIN S) 11F" CARLINE (PORT) 

Circuit Desuiption: 
The purpose of the automatic transmission t.orque converter clutch feature is t.o eliminate the. power loss of 

the torque converter stage when the vehicle is in a cruise condition.- This allows the convenience of the 
automatic transmission and the fuel economy of a manual transmission. The heart of the system is a solenoid 
located inside the automatic transmission which is controlled by the ECM. 

When the solenoid coil is activated ("ON"), the torque converter clutch is applied which results in straight 
through mechanical coupling from the engine to transmission. When the transmission solenoid is deactivated, 
the torque converter clutch is released which allows the torque converter to operate in the conventional manner 
(fluidic coupling between engine and transmission). 

The ECM turns "ON" the TCC when coolant temperature is above 65°C (149°F), TPS not changing, and 
vehicle speed above a specified value. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. When .a test light is connected from ALDL 

terminal "F .. to ground, a test light "ON" indicates 
battery voltage is O:K and the TCC solenoid is 
disengaged. . 

2. When the diagnostic terminal is grounded, the 
ECM should energize the TCC solenoid and the 
test light should go out. 

Diagnostic Aids: 
A "Scan" tool only indicates when the ECM has 

turned "ON" the TCC driver (grounded CKT 422), but 
this does not confirm that the TCC has engaged. To 
determine if TCC is functioning properly, engine rpm 
should decrease when the "Scan" indicates the TCC 
driver has turned "ON". To determine if the 4th gear 
switch is functioning properly, perform the checks in 
CHART C-8 (Page 2 of 2). The switches will not 
prevent TCC from functioning but will affect TCC lock 
and unlock points. If the 4th gear switch CKT is 
always open the TCC may engage as soon as sufficient 
oil pressure is reached. 



DRIVEABIUTY AND .. :EMISSIONS 2.8L (VIN S) 6E3-C8-3 

CHARTC-8 
(Page 1 of 2) 

AUTOMATIC TRANSMISSION 
CONVERTER CLUTCH (TCC) 

2.SL (VIN S) nfn CARLfNE (PORTI 

• USING A •sCAN .. TOOL CHECK THE FOLLOWING AND CORRECT IF NECESSARY. 
• COOLANT TEMPERATURE SHOULD BE ABOVE 65-C. 
• TPS • BE SURE TPS SIGNAL IS NOT ERRATIC. 
• VSS • BE SURE •SCAN• DISPLAYS VSS WITH DRIVE WHEELS TURNING. If CODE 24 

IS PRESENT, SEE CODE CHART 24. 

0 • MECHANICAL CHECKS, SUCH AS LINKAGE, OIL LEVEL, ETC. SHOULD BE 
PERfORMED PRIOR TO USING THIS CHART. 

• IGN•ON." 
• CONNECT TEST LIGHT TO ALDL CONNECTOR TERMINAL •F• AND GROUND. 
• BULB SHOULD "LIGHT •• 

DOESm 

e DEPRESS BRAKE PEDAk. • DISCONNECT TCC ELECTRICAL CONNECTOR. 
• LIGHT SHOULD GO our. 

DOESIT7 

0 • IGN "ON," ENGINE •oFF." 
• RELEASE BRAKE PEDAL 
• GROUND DIAG TERMINAL 
• LIGHT SHOULD GO OUT. 

DOESIT? 

TCC ORCUIT OK. BE SURE 
VEHIO.E 15 EQUIPPED WITH 
THE CORRECT PROM OR 
MEM-CAL TO CHECK 4m 
GEARSWITCH,SEECHART 
C-8 (2 0F2). 

BRAKE SWITCH OUT 
OF ADJUSTMENT 
ORFAULTY,ORCKT 
422 SHORTED TO 
VOLTAGE. 

OPEN CKT 422 OR 
FAULTY ECM. SEE 
ECMQUAD 
DRIVER CHECK 
(CHARTC-1). 

• CONNECTTESTUGHTBETWEEN TERMS "A" & •D". 
• BULB SHOULD !!QI •uGHT.• 

DOESITI 

• CONNECTTESTLIGHT 
FROM TERM •A" TO 
GROUND. 

• BULBSHOULD"UGHT." 
D0ESm 

• GROUND ALDL TERM. •F•. 
• WITH TEST LIGHT CON• 

NECTED BETWEEN TRANS. 
CONNECTOR TERMINALS 

• THE BULB SHOULD •LIGHT'" 
DOESIT7 

FAULTYTCC 
CONNECTION OR TCC 
SOLENOID 

· CKT 422 SHORTED TO 
GROUND OR FAUL TY 
ECM. SEE ECM QUAD 
DRIVER CHECK 
(CHART C-1). 

OPEN IN CKT 39, 
TCCBRAKE 
SWITCH CKT, OR 
ADJUST SWITCH. 

REPAIR OPEN CICT 
BETWfEN TRANS & 
ALDL TERM *F•. 

6-1-88 
854679-6£ 
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(Page 2 of 2) 
AUTOMATIC TRANSMISSION CONVERTER CLUTCH (TCC) 

2.BL (VIN S) "F" CARLINE (PORTI 
Circuit Description: 

A 4th gear switch (mounted in the trans.) opens when the trans. shifts into 4th gear, and this switch is used 
by the ECM to modify TCC lock and unlock points, when in a 4-3 downshift maneuver. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Unless the switch or CKT 446 is open the "Scan" 

should display "NO," indicating the trans. is not 
in 4th gear. The 4th gear switch should only be 
open while in 4th gear. 

2. This step determines if the ECM and wiring are 
OK. Grounding CKT 446 should cause the "Scan" 
to display "NO," indicating the trans. is not in 4th 
gear. . 

3. Checks the operatjon of the 4th gear switch. 
When the trans. shifts into 4th gear the switch 
should open and the .. Scan" should display "YES". 

4. Disconnecting the TCC connector simulates an 
open switch to determine if CKT 446 is shorted to 
ground or the problem is in the transmission. 

Diagnostic Aids: 

A road test may be necessary to verify the 
customer complaint. If the "Scan" indicates TCC is 
turning "ON" and "OFF" erratically, check the state 
of the 4th gear switch to be sure it is riot changing 
states under a steady throttle position. If the switch is 
changing states, check connections and wire routing 
·carefully. Also if the 4th gear switch is always open 
the TCC may engage as soon as sufficient oil pressure 
is reached. 



DRIVEABILITY AND EMISSIONS. 2.8L (VIN S) 6E3-C8-5 

CHECKS MADE ON THIS PAGE WILL NOT 
PREVENT THE rec FROM WORKING, BUT 
WILL AFFEO ENGAGEMENT OR 
DISENGAGEMENT POINTS. 

IGNITION •oN•, ENGINE .OFF•, 
• DOES •S(AN. INDICATE TRANS. IS IN 4TH GEAR? 

CHARTC-8 
(Page 2 of 2) 

AUTOMATIC TRANSMISSION 
CONVERTER CLUTCH (TCC) 

2.BL (VIN S) ,.F,. CARLINE (PORT) 

RAISE DRIVE WHEELS 
SHIFT VEHICLE INTO OVERDRIVE 

0 • DISCONNEO TCC ELEORICAL C0NNEOOR. 
• JUMPER HARNESS TERMINAL •a- (CKT 446) TO 

GROUND. • INCREASE SPEED SLOWLY UNTIL TRANS. SHIFTS 
INTO 4TH GEAR. 

• DOES •SCAN• INDICATE TRANS. IS IN 4TH GEAR? 

4TH GEAR SWITCH 
OK. REFERTO 
•DIAGNOSTIC AIDS• 
ON FAONG_PAGE. 

IGNmON ·oN· ENGINE 
•oFF• 

• DISCONNECT TRANS. 
ELECTRICAL CONNEO0R 

• DOEs-sCAN-1NDICATE 
TRANS. IS IN 4TH GEAR? 

WIRE GROUNDED 
INTERNALLY IN TRANS. OR 
FAULTY 4TH GEAR SWITCH. 

• DOES •sCAN. INDICATE TRANS. IS IN 4TH GEAR? 

CKT 446 SHORTED TO 
GROUND OR FAULTY ECM. 
SEE ECM QUAD DRIVER 
CHECK (CHART C-1). . 

OPEN CKT 446, 
FAUL TY CONNECTION 
OR FAUL TY ECM. SEE 
ECM QUAD DRIVER 
CHECK (CHART C· 1 ). 

7-14-87 
IS~E 
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IGN 1 ~ 39 PNK/BlK 
GAGES 

Circuit Description: 

r---------, 
I I 
I I 
I I 
I I 
I I 

[]] Ii] [lJ liaf@) [[] Ci] 

CBJ IO llll C!J Ill ail 

1~WAYI.P.CONNECTOR 

: k~,C: H 
1 

--.... •---~,(-- 456TANJBLK 
l SHIFT LIGHT : 15-WAYI.P. 
L---------..1 CONNECTOR 

INSTRUMENT 
PANEL 

CHARTC-8A 
MIT SHIFT LIGHT CHECK 

2.8L (VIN S) •F" CARLINE (PORT) 

SHIFTUGHT . 
CONTROL DRIVER 

~ 
2-27-87 
8S425UE 

The shift light indicates the best transmission shift point for maximum fuel economy. The light is controlled 
by the ECM and is turned "ON" by grounding CKT 456. 

The ECM uses information Crom the following inputs to control the shift light: 
• Coolant temperature 
• TPS 
• vss 
• rpm 
The ECM uses the measured rpm and the vehicle speed to calculate what gear the vehicle is in.. It's this 

calculation that determines when the shift light should be turned "ON.,. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. This should not turn "ON" the shift light. If the 

light is .. ON," there is a short to ground in CKT 
456 wiring or a fault in the ECM. 

2. When the diagnostic terminal is grounded, the 
ECM should ground CKT 456 and the shift light 
should come "ON." 

3. This checks the shift light circuit up to the ECM 
connector. If the shift light illuminates, then the 
ECM connector is faulty or the ECM does not have 
the ability to ground the circuit. 



0 • IGNfflON •QN•, ENGINE •OFF•. 

• OBSERVE SHIFT LIGHT. 

I 
I 

UGHT-oFF· I 
I 

GROUND ALDL DIAGNOSTIC 

RRMINAL AND OBSERVE 
SHJFTUGHT. 

■ 

UGHT-oFF· I 
I 

0 • IGNITION •OFF•. 

• DISCONNECT ECM CONNECTORS. 

• IGNfflON •oN•. 
• JUMPER Cl(T 456 TO GROUND 

AND OBSERVE SHIFT LIGHT. 

UGHT-oFF· I 

OPEN IGNfflON OCT 39, 

OPEN OCT 456, OR 

FAULTY BULB. 

DRIVEABILITY. AND EMISSIONS. 2.8L (VIN S) 6E3-C8-7 

CHARTC-SA 
MIT SHIFT LIGHT CHECK 

2.SL (VIN S) •F" CARLINE (PORT) 

■ 

UGHr·oN· I 
I 

CHECK FOR: 

• CODE 24, (NO VSS). 

• THERMOSTAT FAULTY OR HAS 

INCORRECT HEAT RANGE. 

IF OK, REVIEW SYMPTOMS IN 

SECTION•■-. 

I 

UGHr·oN· I 
I 

POOR CONNECTION AT I 
ECM OR FAUL TY ECM. 

I 

UGHr·oN· l 
I 

• IGNITION •oFF• 

• DISCONNECT ECM CONNECTORS. 
• TURN IGNITION •ON• AND 

OBSERVE SHIFT LIGHT. 
■ 
■ 

UGHY-ON· l 
I 

REPAIR SHORTTO 

GROUND IN CKT 456. 

■ 

I UGHr-o,r I 
I 

I REPLACE ECM. I 

9-23-87 
65273ME 
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DRIVEABILITY AND EMISSIONS 5.0l (VIN FJ & 5.7L (VIN 8) 6E3-C8-1 

SECTION CS 
TORQUE CONVERTER CLUTCH {TCC) SYSTEM 

AND MANUAL TRANSMISSION SHIFT LIGHT 5.0L ONLY 
CONTENTS 

GENERAL DESCRIPTION • • • • • • • • • • • • • • • • 01-1 
PURPOSE • • • • • • • • • • • • • • • • • • • • • • • • • C8·1 
OPERATION •••••• .••••••••••••••••• C8-1 

GENERAL DESCRIPTION 

PURPOSE 

The Torque Converter Clutch (TCC) system uses a 
solenoid operated valve in the automatic transmission 
to couple the engine flywheel to the output shaft of the 
transmission thru the torque converter. This reduces 
the slippage losses in the converter, which increases 
fuel economy. 

OPERATION 

For the Torque Converter Clutch (TCC) to apply, 
two conditions must be met: 
• Internal transmission fluid pressure must be 

correct. For information on internal transmission 
operation, see Section "7 A". This section will 
cover only the electrical operation of the TCC 
system. 

• The ECM grounds a switch internally to turn 
"ON" a solenoid in the transmission. This moves a 
check ball, which will allow the converter clutch 
to apply, if the hydraulic pressure is correct, as 
described above. 
The ECM controls the TCC apply solenoid by 

looking at several sensors: 
• Vehicle Speed Sensor (VSS) Speed must be above 

a certain value before the clutch can apply. 
• Coolant Temperature Sensor (CTS) Engine must 

be warmed up before clutch can apply about 65°C 
(149°F). 

• Throttle Position Sensor (TPS) After the 
converter clutch applies, the ECM uses the 
information from the TPS to release the clutch 
when the car is accelerating or decelerating at a 
certain rate. 

• The brake switch is also part of the TCC circuit as 
it will remove battery voltage to the TCC solenoid 
when the brake pedal is depressed. 

• Gear Select Swit:ch The 4th gear switch is used to 
send a signal to the ECM telling it when the 
transmission is in 4th gear. 

DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • • C8-1 
SHIFT LIGHT (MIT) DESCRIPTION • • • • • • • • CB-1 

DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • • C8-1 
ON-CAR SERVICE • • • • • • • • • • • • • • • • • • • • • CB-1 

The ECM uses this information to vary the conditions 
under which the clut:ch applies or releases. However, 
the transmission does not have to be in fourth gear in 
order for ·the ECM to turn the torque converter clutch 
"ONn. 

If the torque converter clutch is applied at all 
times, the engine will stall immediately, just as in a 
manual transmission with the clut:ch applied. 

If the torque converter clut:ch does not apply, fuel 
ecomony may be lower than expected. ·rr the vehicle 
speed sensor fails, the TCC will not apply. If the 4th 
gear switch does not operate, the TCC may not apply 
at the right time. 

DIAGNOSIS 

The diagnosis of the TCC system is covered in 
CHART C-SA. If the ECM detects a problem in the 
system, a Code 24 should set. In this case, see Code 24 
CHART. 

SHIFT LIGHT (MIT) DESCRIPTION 

The purpose of the shift light is to provide a 
display which indicates the optimum fuel economy 
point for up shifting the manual transmission based 
on engine speed and load. The display is a lamp on the 
instrument panel. Activation of the ECM driver turns 
the lamp "ON". 

DIAGNOSIS 

The shift light circuit can be checked using 
CHARTC-8B. 

ON-CAR SERVICE 

• See Section "8B" if the shift light bulb needs 
replacement. 

• See Section "6E" to repair wiring problem. 
• See Section "C-1" if ECM is to be replaced. 
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CHARTC-8A 
{Page 1 of 2) 

TORQUE CONVERTER CLUTCH (TCC) SYSTEM 
5.0L (VIN F) & 5.7L (VIN 8) "Fn CARLINE (PORT) 

Circuit Oescription: 
The purpose of the automatic transmission torque converter clutch feature is to eliminate the power loss of 

the torque converter· stage when the vehicle is in a cruise condition. This allows the convenience of the 
automatic transmission and the fuel economy of a manual transmission. The heart of the system is a solenoid 
located inside the automatic transmission which is controlled by the ECM. 

When the solenoid coil is activated ("ON"), the torque converter clutch is applied which results in 100% 
mechanical coupling from the engine to transmission. When the transmission solenoid is deactivated, the 
torque converter clutch is released, which allows the torque converter to operate in the conventional manner 
(fluid coupling between engine and transmission). 

The ECM turns "ON" the TCC when coolant temperature is above 65°C (149°F), TPS not changing, and 
vehicle speed above a specified value. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. When a test light is connected from ALDL 

terminal "F" to ground, a test light "ON" indicates 
battery voltage is OK and the TCC solenoid .is 
disengaged. 

2. When the diagnostic terminal is grounded, the 
ECM should energize the TCC solenoid and the 
test light should go out. 

Diagnostic Aids: 
A "Scan" tool only indicates when the ECM has 

turned "ON" the TCC driver (grounded CKT 422) but 
this does not confirm that the TCC has engaged. To 
determine ifTCC is functioning properly, engine rpm 
should decrease when the "Scan" indicates the TCC 
driver has turned "ON". · To determine if the 4th gear 
switch is functioning properly, perform the checks in 
CHART C-8A (Page 2 of 2). The switches will not 
prevent TCC from functioning but will affect TCC lock 
and unlock points. If the 4th gear switch circuit is 
always open, the TCC may engage as soon as 
sufficient oil pressure is reached. 
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CHARTC-8A 
(Page 1 of 2) 

TORQUE CONVERTER CLUTCH (TCC} SYSTEM 
5.0L (VIN F) & 5.7L (VIN 8) •F" CARLINE (PORT) 

• USING A "SCAN" TOOL CHECK THE F0UOWING AND CORRECT IF NECESSARY. 
• COOLANT TEMPERATURE SHOULD BE ABOVE 65-C. 
• TPS • BE SURE TPS SIGNAL IS NOT ERRATIC. 
• VSS - BE SURE "SCAN" DISPLAYS VSS WITH DRIVE WHEELS TURNING. IF CODE 24 

15 PRESENT, SEE CODE CHART 24. 

0 • MECHANICAL CHECKS, SUCH AS LINKAGE, OIL LEVEL, ETC. SHOULD BE 
PERFORMED PRIOR TO USING THIS CHART. 

• IGNmON "ON". 
• CONNECT TEST LIGHT TO ALOL CONNECTOR TERMINAL "F" AND GROUND. 
• BULB SHOULD LIGHT. 

DOESIT? 

• DEPRESS BRAKE PEDAL • DISCONNECT TCC ELECTRICAL CONNECTOR. 

• LIGHT SHOULD GO OUT. 
DOESm 

0 • IGNmON "ON", ENGINE 
\V "OFF.• 

• RELEASE BRAKE PEDAL 
• GROUND DIAGNOSTIC 

TERMINAL 
• LIGHT SHOULD GO OUT. 

DOESITT 

r --------~------, 
: TCC ORCUIT OK. BE SURE l 
t VEHICLE IS EQUIPPED WITH 1 

: THE CORRECT PROM OR : 
: MEM-CAL TO CHECK4TH : 
I GEAR SWITCH, SEE CHART 1 

: C-BA (2 OF 2). : 

L-----------------~ 

BRAKE SWITCH OUT 
. OF ADJUSTMENT 

OR FAUL TY, OR CKT 
422 SHORTED TO 
VOLTAGE. 

• CONNECT TEST LIGHT BETWEEN TERM. • A & D ... 
it BULB SHOULD NOT LIGHT. 

DOESIT7 

• CONNECT TEST LIGHT 
FROM TERM. "A" TO 
GROUND. 

• BULBSHOULDLIGHT. 
DOES ITT 

• GROUND ALDL TERM, "F". 
• WITH TEST LIGHT CON-NECTEi> 

. BETWEEN TRANS. CONNECTOR 
TERMINALS "A & D". 

• THE BULB SHOULD "LIGHT" 
DOESIT? 

FAULTYTCC 
CONNECTION OR TCC 
SOLENOID. 

CKT422 
SHORTED TO 
GR0UNDOR 
FAULTYECM. 

OPEN IN CKT 39, TCC 
BRAKE SWITCH 
ORCUIT, OR ADJUST 
SWITCH. 

REPAIR OPEN ORCUIT 
BETWEEN TRANS. & 
ALDL TERM. "F". 

7-28-87 
753683-&E 
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CHARTC-8A 
. (Page 2 of 2) 

TORQUE CONVERTER CLUTCH (TCC) ELECTRICAL DIAGNOSIS 
5.0L (VIN F) & 5.7L (VIN 8) "F"_ CARLINE (PORT) 

Circuit Description: -
A 4th gear switch (mounted in the trans.) opens when the transmission shifts into 4th gear, and this switch 

is used by the ECM to modify TCC lock and unlock points, when in a: 4-3 downshift maneuver. 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. Unless the switch or CKT 446 is open, the "Scann 

should display .. NO", indicating the transmission 
is not in 4th gear. The 4th gear switch should only 
be open while in 4th gear. 

2. This step determines if the ECM and wiring are 
OK. Grounding CKT 446 should ca.use the "Scan" 
to display "NO", indicating the trans. is not in 4th 
gear. 

3. Checks the operation of the 4th gear switch. 
When the transmission shifts into 4th gear the 
switch should open and the "Scann should display 
"YES". 

4. Disconnecting the TCC connector simulates an 
open switch to determine if CKT 446 is shorted to 
ground or the problem is in the transmission. 

Diagnostic Aids: 

A road test may be necessary to verify the 
customer complaint. IC the "Scann indicates TCC is 
turning "ON" and "OFF" erratically, check the state 
of the 4th gear switch to be sure it is not changing 
states under a steady throttle position. If the switch is 
changing states, check connections and wire routing 
carefully. Also, if the 4th gear switch is always open 
the TCC may engage as soon as sufficient oil pressure 
is reached. 
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CHARTC-8A 
(Page 2 of 2) 

TORQUE CONVERTER CLUTCH (TCC) ELECTRICAL DIAGNOSIS · 
5.0L (VIN F) & 5.7L (VIN 8) "F" CARLINE (PORTI 

CHECKS MADE ON THIS PAGE WILL NOT 
PREVENT THE TCC FROM WORKING, BUT 
Will AFFECT ENGAGEMENT OR. 
DISENGAGEMENT POINTS. 

0 . IGNmON "ON,- ENGINE ·oFF-
• DOES •sCAN• INDICATE TRANSMISSION IS IN 4TH GEAR? 

0 • RAISE DRIVE WHEELS . 
• SHIFT VEHICLE INTO OVERDRIVE 

0 • IGNITION •oN,. ENGINE "'OFF• 
• DISCONNECT TRANSMISSION ELECTRICAL 

CONNECTOR • INCREASE SPEED SLOWLY UNTIL 
TRANSMISSION SHIFTS INTO 4TH GEAR. 

• DOES •sCAN• INDICATE TRANSMISSION IS 
IN4THGEAR7 

4TH GEAR SWITCH 
OK. REFERTO 
•DIAGNOSTIC AIDS .. 
ON FAONG PAGE. 

DISCONNECT TCC 
ELECTRICAL CONNECTOR. 

• JUMPER HARNESS 
TERMINAL •e• (CKT 446) 
TO GROUND 

• DOES "SCAN. INDICATE 
TRANSMISSION IS IN 4TH 
GEAR? 

FAULTY CONNECTION 
OR 
4TH GEAR SWITCH. 

• DOES •sCAN. INDICATE TRANSMISSION 
IS IN 4TH GEAR? 

WIRE GROUNDED INTERNALLY 
IN TRANSMISSION 
OR 

. FAULTY 4TH GEAR SWITCH. 

OPEN CKT 446, 
FAULTY CONNECTION 
OR 
FAULTYECM. 

CKT 446 SHORTED 
TO GROUND 
OR 
FAULTYECM • 

S·9-8B 
7S368S..-;E 



6E3-C8-6 5.0l (VIN F) & 5. 7L (VIN 8) DRIVEABIUTY AND EMISSIONS 

IGN 1 ~ 39 PNK/BLK 
GAGES 

7-28-87 

... ---------, 
I I 
I I 
I I 
I I 
I I 

[D liJ [D Iii) wl Ii] [i) 

Ill IC Im ca CB«il 

15-WAY LP. CONNECTOR 

I I 
I alle~~· H 
1 w-"T"'----<~(-- ,sa TANJBLK 
: SHIFT LIGHT : ._ _________ .J 

INSTRUMENT 
PANEL 

15-WAYI.P. 
CONNECTOR 

CHARTC-88 
MANUAL TRANSMISSION SHIFT LIGHT DIAGNOSIS 

5.0L (VIN F) & 5.7L {VIN 8) "F" CARLINE (PORT) 
Circuit Description: . 

SHIFTUGHT 
CONTROL DfUVER 

2-27-87 
BS4255-6E 

The shift light lamp display is in the instrument panel. The purpose of the shift light is to provide a display, 
to the driver, which indicates the best transmission shift point for maximum fuel economy based ori engine 
speed and load. The light is controlled by the ECM and is turned "ON" by grounding CKT 456. · 

The ECM uses information from the following inputs to control the shift light: · 
• Coolant temperature 
• TPS 
• vss 
• rpm 
The ECM uses the measured rpm and the vehicle speed to calculate what gear the vehicle is in. It's this 

calculation that determines when the shift light should be turned "ON". 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 
1. This should not turn "ON" the shift light. If the 

light is "ON", there is a short to ground in CKT 
456 wiring or a fault in the ECM. 

2. When the diagnostic terminal is grounded, t'he 
ECM should ground CKT 456 and the shift light 
should come "ON". 

3. This checks the shift light circuit up to the ECM 
connector. If the shift light illuminates, then the 
ECM connector is faulty or the ECM does not have 
the ability to ground the circuit. 



0 

0 

0 

DRIVEABIUTY AND EMISSIONS 5.0L (VIN F) & 5.7L (VIN 8) 6E3-C8-7 

• IGNITION ·oN·. ENGINE ·oFF-. 

• OBSERVE SHIFT LIGHT. 

I 
I 

LIGHT.OFF• I 
I 

GROUND ALDl DIAGNOSTIC 

TERMINAL AND OISERVE 

SHIFT LIGHT. 

■ 

LIGHT .OFF. I 
I 

• IGNmON ·oFF •• 

• DISCONNECT ECM CONNECTORS. 
• IGNITION •oN•. 

• JUMPER CKT 456 TO GROUND 

AND OBSERVE SHIFT LIGHT. 

UGHT .. OFF• I 

OPEN IGNITION CJ<T 39, 

OPEN CKT 456, OR 

FAULTY BULB. 

CHARTC-88 
MANUAL TRANSMISSION SHIFT LIGHT DIAGNOSIS 

S.OL (VIN F} & 5.7L (VIN 8) •F• CARLINE (PORT) 

I 

LtGHT-oN· I 
I 

CHECK FOR: 

• CODE 24, (NO VSS). 

• THERMOSTAT FAULTY OR HAS 

INCORRECT HEAT RANGE. 

IF OK. REVIEW SYMPTOMS IN 

SECTION •a-. 

I 

UGHT .. ON'" I 
I 

POOR CONNECTION AT 

ECM OR FAUL TY ECM • 

I 

UGHT-oN· I 
I 

• IGNmON ·oFF-

• DISCONNECT ECM CONNECTORS. 

• TURN IGNITION •oN• AND 
OBSERVE SHIFT LIGHT. 

■ 
■ 

UGHT-oN· I 
I 

REPAIR SHORT TO 

GROUND IN CKT 456. 

■ 

I LIGHT·ow· I 
I 

I REPLACE ECM. I 

9-23-87 
652736-6E 
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DRIVEABIUTY AND EMISSIONS 2.SL (VIN Sl 6E3·C10•1-

SECTION C10 
ECM CONTROLLED AIR CONDITIONING 

CONTENTS 

GENERAL DESCRIPTION • • • • • • • • • • • • • • • • C10-1 
OPERATION ••••••••••••••••••••••• C10·1 

-GENERAL DESCRIPTION 

In order to improve idle quality and wide open 
throttle performance, the A/C compressor is controlled 
bytheECM. 

There are two different types of A/C systems used 
in GM vehicles. One is referred to as C.C.O.T. (cycling 
clutch orifice tube), which uses a fixed displacement 
compressor. The other type of system uses a 
compressor with a variable displacement, and is 
referred to as the V-5 type system. The V-5 type meets 
A/C requirements without cycling. For descriptions of 
both types, and an explanation of the components 
used, refer to Section "lB" of the service manual. 

OPERATION 

The 2.SL engine uses the C.C.O.T. type A/C 
system, and is controlled by the ECM. When A/C is
requested, 12V power is supplied to the pressure 
cycling switch and to the A/C power relay. The ECM 
controls the A/C clutch by energizing the A/C control 
relay. This allows the ECM to increase idle speed 
before turning on A/C to improve idle quality. 

DIAGNOSIS ......................... 
ON-CAR SERVICE ••••••••••••••••••••• 

C10·1 
C10-1 

The high pressure cut-out switch (normally 
closed) opens when head pressure gets too high. This 
disables the A/C clutch, before damage can occur to 
the system. This switch opens, when pressure is 
greater than about 440 psi (3034 kPa). 

See CHART C-10 'for diagnosis and wiring 
diagram of the electrical portion of the A/C circuit. 

DIAGNOSIS 

CHART C-10 should be used for diagnosing the 
electrical portion of the A/C circuit. Section "1B" 
should be used for diagnosing the refrigerant portion 
of the system. 

The "Scan" tool will be used in diagnosing the 
system, as it has the ability to read the NC request 
input to the ECM, as well as displaying when the 
ECM has commanded the A/C clutch "ON". 

ON-CAR SERVICE 

For removal and replacement procedures of A/C 
components, refer to Section "l" of the service manual. 
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6E3-C10-2 2.8L {VIN S) DRIVEABIUTY AND EMISSIONS 

~IGN 

\•SE~ 
, SWITCH 

66 
LTGRN 

~ 

[CJ Iii Iii) [[) [sJ 

lcJ [ijJ (lJ [El i'.iJ 

1.P. HARNESS CONNECTOR 
15 WAY. (FRONT VIEW) A/C CONTROL· 

RELAY 

ECM 

rtvliiCJ~~E r------ DKGRN/WHTS9 ___ ....,. A/CSIGNAL 

WSWITCH 
GAGES 

~ PNKIBU(39 ~ IGN 
LT I 4-WAY A/C 
BLU HARNESS 

CONNECTOR ~6~N. A/C CONTROL 
G • LTBLU 905 ----1 1--~II' 

DK GRN,WHT 59 

BLU/ C COMPRESSOR 
BLK 

HIGH 
PRESS 

59 -] CUTOUT 
SWITCH 

7-16-87 

POWER 
TEERING 

PRESSURE 
SWITCH 

(Q.OSES WITH HIGH 
~RESS) 

7-16-87 
552013 

CHART C-10 
A/C CLUTCH CONTROL 

Circuit Description: 
2.8L (VIN S) •F" CARLINE (PORT) 

ECM control of the A/C clutch improves idle quality and performance by: 
• Delaying clutch apply until the idle air rate is increased. 
• Releasing clutch when idle speed is too low or during high power steering loads. 
• Releasing clutch at wide open throttle. 
• Smooths cycling of the compressor by providing additional fuel at the instant clutch is applied. 
Voltage is supplied to the A/C Clutch Control relay on CKT 59 by the A/C Control Switch. This same 

voltage is supplied as a signal to ECM pin BS. After a time delay of about 1/2 second the ECM will ground 
terminal "A2," CKT 905, and close the A/C relay contacts. 

When relay is energized battery voltage from CKT 59 is supplied to the A/C clutch through the relay and 
CKT959. 

Test Description: N'umbers below refer to circled 
numbers on the diagnostic chart. 
1. The ECM will only energize the NC relay, when 

the engine is running. This test will determine if 
the relay, or CKT 905, is faulty. 

2. In order for the clutch to properly be engaged, the 
pressure cycling switch must be closed to provide 
12 volts to the relay, and the high pressure switch 
must be closed, so the A/C request (12 volts) will 
be present at the ECM. 

3. Determines if the signal is reaching the ECM on 
CKT 59 from the A/C control panel. Signal should 
only be present when the A/C mode or defrost 
mode has been selected. 

4. A short to ground in any part of the A/C request 
circuit, CKT 67 to the relay CKT 59, CKT 959 to 
the NC clutch, or the NC clutch, could be the 
cause of the blown fuse. 

5. With the ignition "ON" and the diagnostic 
terminal grounded, the ECM should be grounding 
CKT 905 which should cause the test light to be 
"ON". 

Diagnostic Aids: 
If complaint was insufficient cooling, the probletr 

may be caused by an inoperative cooling fan. Th6.... 
engine cooling fan should turn "ON," when A/C is 
"ON" and A/C head pressure exceeds about 233 psi. If 
not, see CHART C-12 for diagnosing the cooling fan, 



DRIVEABILITY. AND : EMISSIONS 2.8L (.VIN S) · 6E3.;Ct0-3 

0 CHARTC 10 -• IGN ·oN-, ENGINE ·oFF-• 

• TURN A/CON AND Off AND NOTE A/C CLUTCH • A/C CLUTCH CONTROL 
• CLUTCH SHOULD NOT CYCLE ON AND OFF. 2.SL (VIN S) "F'' CARLINE (POR • DOESIT? 

n __ 
I . I 

NO I YES I 
■ ---

• WITH ENGINE IDLING AT NORMAL • DISCONNECT A/CRELAY. 
~PERA TING TEMP. TURN A/CON AND OFF. • PROBE CICT 905 WITH A 

• CLUTCH SHOULD CYO.E ON AND OFF. TESTLIGHTTO 12 VOLTS. 

• DOESITT T 

■ I I - - uGHT-oN· I I uGHT-oFF· I 
NO I YES I T I 

G) 
■ ■ 

• PLACE A/C CONTROL IN A/C A/C ORCUIT OK, 
CKT.459 I FAULTY I 

MODE. REFER TO SHORTED TO RELAY. 

• •sCAN.TOOLSHOULD DIAGNOSTIC AIDS GROUND OR 

DISPLAY A/CREQUEST•oN•. ON FACNG PAGE. FAULTYECM. 

• DOESln 
SEEECMQUAD 
DRIVER CHECK . 

■ (CHARTC-1) • 
YES I NO 

■ 

WITH P0W£R STEERING 11 WITHOUT POWER STEERING I • DISCONNECT PRESS. CYCLING SWITCH. 
■ • PROBE CKT 66 WITH A TEST LIGHT TO 

• ooEs ·sCAN· tNDtCA TE I GROUND. 

PSPS IS "ON•? .1 I 
■ I - . UGHT-oN· I LIGHT-off'' I 

YES I I NO I I -
r_j ______ , I ~ • JUMPER HARNESS G) OPEN OR SHORT TO GND 

1 REFERTO 1 
.... TERMINALS TOGETHER. IN CICT 66. IF A/C FUSE IS 

1 CHARTC-1E 1 • •sCAN• SHOULD BLOWN, CHECK CKTS 66, 
L--------.J DISPLAY A/C REQUEST 67,959 AND 59 FOR 

• IGN-oN-,A/C-oN-. 
•oN•. SHORT TO GND. 

• ENGINE •OFF• • • DOESITI 

• DISCONNECT A/CRELAY. • 
I ■ 

• PROBE HARNESS TERM. C & E CICT 39 & 59 I WITH TEST LIGHT TO GND. YES NO 

■ ■ T 

I - A/C SYSTEM LOW • DISCONNECT HIGH PRESS. 
LIGHT ·oN· BOTH I NO LIGHT, I ON CHARGE, CUTOUT SWITCH 

I 
ONE OR BOTH FAULTY CONN., •JUMPER HARNESS TERMINALS 

■ OR FAULTY TOGETHER 

• JUMPER CKT 59 TO REPAIR OPEN PRESSURE • •sCAN• SHOULD DISPLAY A/C 

CKT959. INCKTTHAT CYCLING SWITCH. REQUEST•oN•. DOESITI 

• DOES A/C CLUTCH DID NOT - -ENGAGE? LIGHT. 
YES I I NO I • • I • ■ 

YES I NO I FAULTY OPEN CKT 67, BETWEEN 

- - CONNECTION AT PRESS. CYCLING SWITCH, 

G) • IGN •oN•. ENGINE OFF CHECK HIGH PRESS. SWITCH FAULTY CONNECTION{S), 

• GROUND DIAGNOSTIC TERM. • OPEN CKT 959 TO CLUTCH. OR FAULTY SWITCH. OR FAULTY ECM. 

• PROBE CICT 905 WITH A TEST • OPEN O.UTCH COIL 
LIGHT TO 12 VOLTS. 

-
UGHT-oN· I LIGHT.OFF" 

■ • 
FAULTY I OPEN OR SHORT TO VOLTAGE IN 
RELAY . . CKT 905, FAULTY CONNECTION, 

OR ECM. SEE ECM QUAD DRIVER 
CHECK (CHART C-1 ). 7-23-87 

8S4695-&E 
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DRIVEABILITY AND EMISSIONS 2.8L (VIN S) 6E3-C12-1 

SECTION C12 
ELECTRIC COOLING FAN 

.CONTENTS 

GENERAL DESCRIPTION •••••••••••••••• C12-1 
OPERATION ••••••••••••••••••••••• C12-1 

GENERAL DESCRIPTION 

The fan is used for engine and A/C condenser 
cooling but the fan only operates under certain 
conditions. 

OPERATION 

The electric cooling fan on this engine is controlled 
by the ECM. The ECM will ground the cooling fan 
relay, which turns on the fan, when the following 
conditions are met. 
• Coolant temperature sensor signal indicating a 

temperature greater than 106°C (222°F). 
• Or: A/C head pressure greater than about 200 psi 

and vehicle speed less than 40 mph. 
• When the cooling fan is turned on, it will stay on 

for a minimum time·of 15 seconds on the 2.8L. 
• The 2.8L also uses an override switch which will 

also tum on the cooling fan if the ECM fails. 

DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • • C12-1 
PARTS INFORMATION ••••••••••••••••• C12-1 

DIAGNOSIS 

The following charts will diagnose the ECM 
controlled cooling fan. 

PARTS INFORMATION 

PART NAME GROUP 

Fan, Erigine • • • • • • • • • • • • • • • • • • • • • • • • • 1.055 
Motor, Fan. • • • • • • • • • • • • • • • • • • • • • • • • • 1.055 
Relay, Engine Fan • • • • • • • • • • • • • • • • • •.• • 1.055 



6E3-C12-2 2.8L (VIN S) DRIVEABILITY AND EMISSIONS 

FANRELAY . 
CONNECTOR 

IP HARNESS CONN~CTOR 
(FRONT VIEW) 

TO ALTERNATOR------
250
--:i~ IGN 

BATTERY +

1 FUSIBLE 
LINK 

2RED 

TAN/ 
WHT 

6-WAY 
IP CONNECTOR 

.--------------- 335 DK GRNiWHT 

DKGRN/WHT 

FAN CONTROL RELAY FAN CONTROL SWITCH 

6-2-88 

Circuit Description: 

COOLING FAN A/C PRESSURE OPENS 
MOTOR AT 240 :t 20 PSI 

CHART C-12 
(Page 1 of 2) 

ELECTRIC COOLING FAN CONTROL CIRCUIT 
2.8L (VIN S) "F" CARLINE (PORT) 

ECM 

COOLANT 
TEMPERATURE 
SENSOR 

6-1-88 
854674-6£ 

The electric cooling fan is controlled by the ECM, based on inputs from the coolant temperature sensor, the 
A/C fan control switch, and vehicle speed. The ECM controls the fan by grounding CKT 335, which energizes 
the fan control relay. Battery voltage is then supplied to the fan motor. 

The ECM grounds CKT 335, when coolant temp. is over about 107°C (225°F), or when A/C has been 
requested, and the fan control switch opens with high A/C pressure, about 240 psi (1655 kPa). Once the ECM 
turns the relay "ON", it will keep it "ON" for a minimum of 30 seconds, or until vehicle speed exceeds 70 mph. 

Also, if Code 14 or 15 sets, or the ECM is in throttle body back up, the fan will run at all times. 
On a vehicle not equipped with A/C, CKT 732 is jumpered to ground so that the fan does not run at all times. 

Test Description: Numbers below refer to circled Diagnostic Aids: 
numbers on the diagnostic chart. If the owner complained of an overheating 
1. With the diagnostic terminal grounded, the problem, it must be determined if the complaint was 

cooling fan control driver will close, which should due to an actual boilover, or the hot light, or 
energize the fan control relay. temperature gage indicated over heaung. 

2. If the A/C fan control swit.ch or circuit is open, the If the gage, or light, indicates overheating, but no 
fan would run whenever the engine is running. boilover is detected, the gage circuit should be 

3. With A/C clutch engaged, the A/C fan control checked. The gage accuracy can, also, be checked by 
switch should open, when AJC high pressure comparing the coolant sensor reading using a "Scan" 
exceeds about 200 psi (1380 kPa). This signal tool and comparing its reading with the gage reading. 
should cause the ECM to energize the fan control If the engine is actually overheating, and the gage 
relay. indicates overheating, but the cooling fan is not 

coming "ON", the coolant sensor has probably sh~ 
out of calibration and should be replaced. 

If the engine is overheating, and the cooling fan is 
"ON", the cooling system should be checked. 



• IGN ·oN: ENGINE-OFF,'" A/C~Off.'" 
• COOLANT TEMP BELOW 100"C :t 3"C. 
• COOLING FAN SHOULD BE •oFF.'" 

ism 

0 • GROUND DIAGNOSTIC TERMINAL. 
• FAN SHOULD TURN ·•oN.• 

DOESIT7 

DRiVEABILITY AND EMISSIONS 2.SL (ViN S) 6E3~Ct2.;3 

CHARTC-12 
(Page 1 of 2) 

ELECTRIC COOLING FAN 
CONTROL CIRCUIT 

2.8L (VIN S) UF 1
' CARLINE 

PORT 
• DISCONNECT FAN RELAY. 
• FAN SHOULD STOP. 

DOES IT? 

---------------------, ,-- -----, ----------
• UNGROUND DIAGNOSTIC TERMINAL. : REFER TO : • PROBE CKT 335 WITH A 

: CHART : TEST UGHTTO 12 VOLTS. 
1 C-12 1 

• START ANO IDLE ENGINE. 
• A/C '"OFF'" (If EQUIPPED) 
• FAN SHOULD BE '"OFF'" (WHILE TEMP IS UNDER 100°C 

:t 3°C. 
: (2 OF 2) : ,.....t===~~~-----•,..'!_ ___ .., 
'--------' 

ISIT7 

ENGINE IDLING,A/C '"ON.'" 
IF A/C IS INOP, SEE SECTION I. 

• FAN SHOULD TURN •oN• WHEN 
A/C HEAD PRESSURE EXCEEDS 
ABOUT 240 :t 20 PSI (1655 kPa). 
DOESIT? 

NO TROUBLE 
FOUND. 
REFER TO 
'"DIAGNOSTIC 
AIDS'"OF 
FACING 
PAGE. 

DISCONNECT A/C 
PRESS FAN 
CONTROL SWITCH. 

• USE A •sCAN'" 
TOOLAND 
CHECK FAN 
REQUEST INPUT. 
DOES'"SCAN'" 
INDICATE FAN 15 
REQUESTED? 

WITHOUTA/C 

• DISCONNECT FAN 
OVERRJDE SWITCH. 

• OBSERVE TEST LIGHT. 

FAULTY FAN 
OVERRIDE SWITCH 

FAULTY RELAY 

CKT 335 SHORTED 
TO GROUND OR 
FAUL TY ECM. SEE 
ECM QUAD DRIVER 
OI ECK (CHART C-1 ). 

CHECK GROUND 
JUMPER CKT 732 
FORA GOOD 
GROUND. IF OK IT 
ISA FAULTY ECM 
CONNECTION OR 
FAULTY ECM. 

• DISCONNECT A/C FAN CONTROL SWITCH. 
• JUMPER TERMINALS TOGETHER. 
• DOES "SCAN'" INDICATE FAN IS REQUESTED? 

PER CKT 732 TO GND. 
ES '"SCAN. INDICATE FAN 
EQUESTED7 

OPEN CKT335,FAULTY 
CONNECTION, OR ECM. 
SEE ECM QUAD DRIVER 
CHECK (CHART C-1). &,:3-88 

753723-6£ 



6E3-C12-4 2.8L (VIN S) DRIVEABIUTY AND EMISSIONS 

• FAN RELAY 
CONNECTOR 

IP HA""ESS CONNECTOR 
(FRONT VIEW) 

TO ALTERNATOR-----
250
--t~ IGN 

6•WAY 

IAM:~1_. 
LINK . TAN/ 

. WHT 

2RED 

IP CONNECTOR 

..------------- 335DKGRNtWHT 

DKGRNIWHT -----, 

i 
OVER~~~CD 

SWITCH 732 ,--..a-;;;___ ..... _ .... 

· ~CDKILU 
~450 

I 
I 
I 
I 
I 
1 C10 

~~ 
FAN CONTROL RELAY FAN CONTROL SWITCH 

6-22-88 
COOLING FAN AJC PRESSURE OPENS 

MOTOR AT 240 :t 20 PSI 

CHARTC-12 
(Page 2 of 2) 

ELECTRIC COOLING FAN CONTROL CIRCUIT 
2.SL (VIN S) "F" CARLINE (PORT) 

ECM 

COOLANT 
TEMPERATURE 
SENSOR 

6-1-88 
8S4674-&E 

Test Description: Numbers below refer to circled 
numbers on the diagnostic chart. 

The SES light should also be flashing, at this 
point. Hit isn't flashing, see CHART A-2. 

1. 12 volts should be available to both terminal "E" 
& .. D", when the ignition is "ON". 

2. This test checks the ability of the ECM to ground 
CKT335. 

3. By jumpering "A" and "E" together, the relay is 
being bypassed. Cooling fan motor should be 
"ON." 



· DRIVEASILITY .· AND EMISSIONS 2.8L (VIN S) 6E-3-C12-5 

I• • • • • • • • • • • • 

FROM 
CHART 

C-12 
(1 OF 2) • 

·····l···· 
0 • DISCONNECT FAN CONTROL RELAY. 

• IGNITION "ON,• ENGINE STOPPED . 

CHART C-12 
(Page 2 of 2) 

ELECTRIC COOLING FAN CONTROL CIRCUIT 
2.8L {VIN S) ''F" CARLINE {PORT) 

• PROBE .D .. AND ·r HARNESS TERMINALS WITH A TEST 
LIGHT CONNECTED TO GROUND. 

LIGHT ·ON" BOTH 

0 • DIAGNOSTIC TERMINAL GROUNDED. 
• CONNECT A TEST LIGHT BETWEEN TERMINALS 

"D" AND •F" OF FAN CONTROL RELAY. 

0 • JUMPER HARNESS TERMINALS •A• 
AND •r TOGETHER USl~G A 
FUSED JUMPER. 

• FAN SHOULD RUN. 
DOES ITT 

• WITH • A-r STILLJUMPERED, 
CONNECT A TEST LIGHT ACROSS 
THE COOLING FAN MOTOR 
HARNESS CONNECTOR 
TERMINALS. 

• PROBE CKT 532 WITH A TEST LIGHT 
CONNECTED TO GROUND. 

OPEN IN GROUND CKT 150 

NO LIGHT ·ON" ONE OR BOTH 

REPAIR OPEN OR SHORT TO 
GROUND IN ORCUIT THAT DID NOT LIGHT. 

OPEN OR SHORT TO VOLTAGE IN 
Cl<T335, 
FAULTY CONNECTION AT ECM 
OR A FAULTY ECM. 

FAULTY RELAY 
OR RELAY 
CONNECTION 

REPAIR OPEN IN CKT 532 BETWEEN 
RELAY AND COOLING FAN MOTOR. 

6-1-88 
9S5470-6E 
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DRIVEABILITY AND EMISSIONS 5.0l (VIN F) & 5. 7L (VIN. 8) 6E3-C12-1 

SECTION C12 
COOLING FAN CONTROL 

CONTENTS 

GENERAL DESCRIPTION •••••••••••••••• C12-1 
OPERATION ••••••••••••••••••••••• C12-1 

GENERAL DESCRIPTION 

The fan is used for engine and A/C condenser 
cooling but the fan only operates under certain 
conditions. 

OPERATION 

The electric cooling fan on this engine is controlled 

DIAGNOSIS ••••••••••••••••••••••••• C12-1 
ON-CAR SERVICE • • • • • • • • • • • • • • • • • • • • • C12-1 
PARTS INFORMATION ••••••••••••••••• C12-1 

DIAGNOSIS 

The following charts will diagnose the ECM 
controlled cooling fan. 

Use Section "SA" to diagnose the secondary 
cooling fan. 

ON-CAR SERVICE 

by the ECM. The ECM will ground the cooling fan Cooling system component replacement can be 
relay, which turns "ON" the f'an, when the following found in Section "68" 
conditions are met. 

• Coolant temperature sensor signal indicating a 
temperature greater than 106°C (222°F). 

• AJC head pressure greater than 233 psi and 
vehicle speed less than 40 mph. 

• When the cooling fan is turned .. ON", it will stay 
"ON" for a minimum time of 15 seconds. 

PARTS INFORMATION 

PART NAME GROUP 

Fan, Engine • • • • • • • • • • • • • • • • • • • • • • • • • 1.055 
Motor, Fan... • • • • • • • • • • • • • • • • • • • • • • • 1.055 
Relay, Engine Fan • • • • • • • • • • • • • • • • • • • • 1.055 



6E3-C12-2 5.0L (VIN .. F) & 5.7L '(VIN'S) DRIVEABILITY AND EMISSJONS 

BATTERY+ 

FUSIBLE 
LINK 

SINGLE PIGTAIL 
CONN.(NEAR 
BATTERY) BULKHEAD 

m.___m 
[ili]I] 
FAN CONTROL 
RELAY CONN. 

C0NNEO0R FAN TO 
ORN r-1 ------»~.....,.-- BRN ~ IGN 
l40 250 TAN/ FUSE 

WHT 

r-----------------DKGRNJWHT335 

BLK/RED 
936 
I 

TO 
SECONDARY 

COOUNG 
FAN RELAY.---7-=========~G~RA~ 731 

BLK 
150 _.__ 
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COOLING FAN CONTROL CIRCUIT 
5.0L (VIN F) & 5. 7L . (VIN 8) °F" CARLINE (PORT) 

Circuit Description: 

ECM 

FAN CONTROL 

1.2V 

FAN 
REQUEST 
SIGNAL 

COOLANT 
TEMPERATURE 
SENSOR SIGNAL 
TURNS ON PRIMARY 
FAN AT 106"C(223"F) 

6-13-88 
854256-6E 

• The primary cooling fan is totally controlled by the ECM based on inputs from the coolant sensor and 
fan control switch. The fan should run, if coolant temperature is greater than 106°C (223°F). 

• Battery voltage is supplied to the fan relay on terminal "E" and ignition voltage to terminal "D". 
• Grounding CKT 335 (relay terminal "F") will energize the relay and supply battery voltage to the fan 

motor. Once the fan relay is energized by the ECM, it will remain "ON" for a minimum of 15 seconds. 
• The ECM will remove the ground to CKT 335 if vehicle speed is over 40 mph unless the engine is 

overheating. 
• The fan control switch, mounted in the A/C high pressure line, will close when head pressure exceeds 

1600 kPa (233 psi) and this input causes the ECM to ground CKT 335. 
• If a Code 14 or 15 sets, or if the ECM is operating in·the fuel back-up mode, the ECM will turn "ONn 

the cooling fan: 

Diagnostic Aids: 

If the owner complained of an overheating 
problem, it must be determined if the complaint was 
due to an actual boil over or the hot light or 
temperature gage indicated overheating. 

If the gage or light indicates overheating, but no 
boilover is detected, the gage circuit should be 
checked. The gage accuracy can also be checked by 
comparing the coolant sensor reading using a ,.Scan,. 
tool and comparing its reading with the gage reading. 

If the engine is actually overheating and the gage 
indicates overheating, but the cooling fan is not 
coming "ON", the coolant sensor has probably shifted 
out of calibration and should be replaced. 

If the engine is overheating, and the cooling fan is 
"ON", the cooling system should be checked. 
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• IGN. ·oN·, ENGINE ·off·, A/C ·off-. 
• COOLANT TEMP. BELOW 100°C. 

CHARTC-12 
(Page 1 of 2) 

• PRIMARY COOLING FAN SHOULD BE •oFF•. 
ISITT COOLING FAN CONTROL CIRCUIT 
SEE SECTION •9A • FOR DIAGNOSING THE 
SECONDARY COOLING FAN. 

5.0L (VIN F) & 5. 7L (VIN 8) •f II CARLINE (PORTI 

• GROUND DIAGNOSTIC TERMINAL 
• FAN SHOULD TURN •oN". 

DOESm 

• UNGR0UND DIAGNOSTIC TERMINAL. 
• START AND IDLE ENGINE. 
• A/C ·oFr {IF EQUIPPED) 
• FAN SHOULD BE •oFF• (WHILE TEMP. IS UNDER 

100"C). 
ISIT1 

• ENGINE IDUNG,A/c-oN·. 
• IF A/C IS INOP, SEE SECTION "1 ". 
• FANS SHOULD TURN •oN" WHEN A/C HEAD 

PRESSURE EXCEEDS ABOUT 233 PSI (1606 kPa). 
DOESIT1 

• DISCONNECT A/C PRESS. FAN CONTROL 
SWITCH. 

• DISCONNECT FAN RELAY. 
• FAN SHOULD STOP. 

DOESITT 

: REFER TO : • PROBE CKT 335 WITH A 
1 CHART I TEST LIGHT TO 12 VOL TS. 
: C-12 : '--r--------....-
: (2 OF2) : ~------~__..__ __ _ 

CKT 335 SHORTED TO GROUND 
OR FAUL TY ECM. 

• USE A •sCAN" TOOL AND CHECK FAN REQUEST 
INPUT. 
DOES "SCAN" INDICATE FAN IS REQUESTED? 

• DISCONNECT A/C 
FAN CONTROL 
SWITCH. 

• DOES "SCAN" 
INDICATE FAN IS 
REQUESTED? 

NO TROUBLE 
FOUND. 
REFER TO 
DIAGNOSTIC 
AIDS OF 
FAONG 
PAGE. 

• JEIMPER HARNESS TERMINALS TOGETHER. 
DOES FAN TURN •oN"? 

JUMPER CKT 731 TO GROUND 
DOES FAN TURN "ON.7 

CKT 731 OPEN, 
FAULTY 
CONNECTION OR 
FAULTYECM. 

REPAIR 
OPEN 
GROUND 
CIRCUIT 

• DISCONNECTFANTEMPERATURE 
SWITCH. 

• DOES "SCAN. INDICATE FAN IS 
REQUESTED? 

CKT 731 SHORTED TO 
GROUND OR FAUL TY ECM
REFER TO SECTION"8A • FOR 
ENTIRE DIAGRAM OF CKT 731. 

FAULTY 
CONNECTION 
OR FAUL TY FAN 
CONTROL 
SWITCH. 

854280-6£ 
3-9-87 



-&E3-C12-4 5.0t {VIN F) & 5.7L.(VIN8) ·DRIVEABILITY AND EMISSIONS 

'BATTERY+ 

FUSIBLE 
LINK <H) 
SINGLE PIGTAIL 
CONN,(NEAR 
BATTERY) BULKHEAD 

CONNECTOR FAN TO 
ORN . r-1 -----~))!lo--- BRN ~ IGN 
340 250 TAN/ . FUSE 

WHT 

FAN CONTROL 
RELAY CONN. 

.------------------ DK GRN/WHT33S 

A 

FAN CONTROL RELAY 

ILK/RED 
936 

IMARY COOLING 
FAN MOTOR 

I 

TO 
SECONDARY 

COOLING 
FAN RELAY+---7-====::::::::::=~G~RA~ 731 

BLK 
150 __.__ 

FAN CONTROL 
SWITCH (A/C . 

PRESS) Q.OSES 
AT233PSI 

OPENSAT185 
PSI 

COOLING 
FAN TEMP. 
SWITCH. = 
Q.OSESAT 
238°F 
(114-C) 

CHARTC-12 
(Page 2 of 2) 

N.O. 

. COOLING FAN CONTROL CIRCUIT 
5.0L (VIN F) & 5.7L (VIN 8) "F" CARLINE {PORT) 

Circuit Description: 

ECM 

FANCONTROl 

FAN 
REQUEST 
SIGNAL 

COOLANT 
TEMPERATURE 
SENSOR SIGNAL 
TURNS ON PRIMARY 
FAN AT 106-C(223"f) 

6-13-88 
854256-&E 

• The primary cooling fan is totally controlled by the ECM based on inputs from the coolant sensor and 
fan control switch. The fan should run, if coolant temperature is greater than 106°C (223°F). 

• Battery voltage is supplied to the fan relay on terminal "E" and ignition voltage to terminal "D". 
• Grounding CKT 335 (relay terminal "F") will energize the relay and supply battery voltage to the fan 

motor. Once the fan relay is energized by the ECM, it will remain "ON" for a minimum of 15 seconds. 
• The ECM will remove the ground to CKT 335 if vehicle speed is over 40 mph unless the engine is 

overheating. 
• The fan control switch, mounted in the NC high pressure line, will close when head pressure exceeds 

1600 kPa (233 psi) and this input causes the ECM to ground CKT 335. 
• If a Code 14 or 15 sets, or if the ECM is operating in the fuel back-up mode, the J!:CM will turn "ON" 

the cooling fan. 

Diagnostic Aids: 

If the owner complained of an overheating 
problem, it must be determined if the complaint was 
due to an actual boil over or the hot light or 
temperature gage indicated overheating. 

If the gage or light indicates overheating, but no 
boilover is detected, the gage circuit should be 
checked. The gage accuracy can also be checked by 
comparing the coolant sensor reading using a "Scan" 
tool and comparing its reading with the gage reading. 

If the engine is actually overheating and the gage 
indicates overheating, but the cooling fan is not 
coming "ON", the coolant sensor has probably shifted 
out of calibration and should be replaced. 

H the engine is overheating, and the cooling fan is 
"ON", the cooling system should be checked. 
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I• • • • • • ■ ■ • • • I 

· FROM 
CHART 

C-12 
(1 OF 2) 

·····l···· 
• DISCONNECT FAN CONTROL RELAY . 
• IGNITION •oN•. ENGINE STOPPED. 

CHARTC-12 
(Page 2 of 2) 

COOLING FAN CONTROL CIRCUIT 
5.0L (VIN F) & 5. 7L (VIN 8) uF" CARLINE (PORT) 

• PROBE -D- AND ·r HARNESS TERMINALS WITH A TEST LIGHT 
CONNECTED TO GROUND . 

I 
I 

LIGHT-oN·aoTH I 

• DIAGNOSTIC TERMINAL GROUNDED • 

• PROBE CKT 335 WITH A TEST LIGHT 
CONNECTED TO 12 VOLTS. 

L1GHr·oN" I 

• JUMPER HARNESS TERMINALS •A• 
ANo ·e· TOGETHER USING A 
FUSED JUMPER. 

• FAN SHOULD RUN. 
ooesm 

■ 

I 

YES I 

FAULTY RELAY I 

■ 

LIGHT .OFF• ONE OR BOTH I 
REPAIR OPEN OR SHORT TO I 
GROUND IN CIRCUIT THAT DID NOT LIGHT. 

-
LIGHT.OFF. I 
I 

OPEN OR SHORT TO VOLTAGE IN CKT 335. 
FAUL TY CONNECTION AT ECM OR A FAUL TY 
ECM. 

I 

NO I 
I 

• WITH • A-E" STILL JUMPERED , 
CONNECT A TEST LIGHT ACROSS THE 
COOLING FAN MOTOR HARNESS 
CONNECTOR TERMINALS. 

LIGHT.OFF .. I UGHr·oN· I 
I I 

• PROBE EACH TERMINAL WITH A I FAULTY MOTOR I 
TEST LIGHT CONNECTED TO 
GROUND. 

I 

I I 

LIGHT ·oN" ONE I LIGHT ·oFF" I 
I 

OPEN IN GROUND CKT 150. I REPAIR OPEN IN CKT 936. I 

05-06-87 

753330-6E 
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SECTION C13 
. POSITIVE CRANKCASE VENTILATION (PCV) 

CONTENTS 

GENERAL DESCRIPTION • • • • • • • • • • • • • • • • C13-1 
RESULTS OF INCORRECT OPERATION •••• . ·(13-1 

DIAGNOSIS • • • • • • • • • • • • • • • • • • • • • • • • • C13-1 

GENERAL DESCRIPTION 

A "closed" crankcase ventilation (PCV) system is 
used to provide more complete scavenging of 
crankcase vapors. Fresh air from the air cleaner is 
supplied to the crankcase, mixed with blow-by gases 
and then passed through a positive crankcase 
ventilation (PCV) valve into the intake manifold 
(Figure C13-1). 

The primary control is through the PCV valve 
(Figure C13-2) which meters the flow at a rate 
depending on manifold vacuum. 

To maintain idle quality, the PCV valve restricts 
the flow when intake manifold vacuum is high. If 
abnormal operating conditions arise, the system is 
designed to allow excessive amounts of blow-by gases 
to back flow through the crankcase vent tube into the 
engine air inlet to be consumed by normal combustion. 

RESULTS OF INCORRECT OPERATION 

A plugged valve or hose may cause: 
• Rough idle. 
• Stalling or slow idle speed. 
• Oil leaks. 
• Sludge in engine. 

A leaking valve or hose would cause: 
• Rough idle. 
• Stalling. 
• High idle speed .. 

DIAGNOSIS 

FUNCTIONAL CHECK OF PCV VALVE 

If an engine is idling rough, check for a clogged 
PCV valve or plugged hose. Replace as required. Use 
the following procedure: 
1. Remove PCV valve from rocker arm cover. 
2. Run the engine at idle. 
3. Place your thumb over end of valve to check for 

vacuum. If there is no vacuum at valve, check for 
plugged hoses or manifold port, or PCV valve. 
Replace plugged or deteriorated hoses. 

FUNCTIONAL CHECK OF PCV VALVE •••• C13-1 
ON-CAR SERVICE • • • • • • • • • • • • • • • • • • • • • C13-2 
PARTS INFORMATION ••••••••••••••••• C13-2 

4. Turn "OFF" the engine and remove PCV valve. 
Shake valve and listen for the rattle or check 
needle inside the valve. Ir valve does not rattle, 
replace valve. · 
With this system, any blow-by in excess of the 

system capacity ffrom a badly-worn engine, sustained 
heavy load, etc.) is exhausted into the air cleaner and 
is drawn into the engine. 

[I] 

V 
... _ 

, ... ' ,,, ~-..-: 

\\ ,, 

',~ 
~ J 

=> CLEANAIR 
- VOLATILE OIL FUMES 

--- MIXTURE OF AIR AND FUMES 

DJPCVVALVE 
[!)TO THROTTLE BODY 
[I)CRANKCASE VENT HOSE 
IIJPCV VALVE HOSE 
(!]TO INTAKE MANIFOLD 

Figure C13-1 • PCV Flow 

5S1725-6E 
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Proper operation of the PCV System is dependent 
upon a sealed engine. If oil sludging or dilution is 
note_d, and the PCV System is functioning properly, 
check engine for possible ·cause and correct to ensure 
that system will function as intended. 

[DCHECK VALVE 
4S0068-6E 

Figure C13-2 - PCV Valve Cross Section 

ON-CAR SERVICE 

An engine which is operated without any 
crankcase ventilation can be damaged. Therefore, it is 
important to replace the PCV valve at intervals 
shown in Section "OB". 

Periodically, inspect the hoses and clamps and 
replace any showing signs of deterioration. 

PARTS INFORMATION 

PARTNA_ME GROUP 

Air Cleaner • • • • • • • • • • • • • • • • • • • • • • • • • 3.402 
Valve Asm, C/Case Vent • • • • • • • • • • • • • • • 1.745 
Tube, C/Case Vent • • • • • • • • • • • • • • • • • • • • 1.762 
Hose, C/Case Vent Vl v • • • • • • • • • • • • • • • • 1. 762 
Breather, A/C and Sil............... • • • 3.410 

'" 
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SECTION C13 
POSITIVE CRANKCASE VENTILATION (PCV) 

CONTENTS 

GENERAL DESCRIPTION •••••••••••••••• C13-1 
RESULTS OF INCORRECT OPERATION •••• C13-1 

DIAGNOSIS ••••••••••••••••••••••••• C13·1 

GENERAL DESCRIPTION 

A "closed" crankcase ventilation (PCV) system is 
used to provide more complete scavenging of 
crankcase vapors. Fresh air from the air cleaner is 
supplied to the crankcase, mixed with blow-by gases 
and then passed through a Positive Crankcase 
Ventilation (PCV) valve into the intake manifold 
(Figure C13-1). 

The primary control is through the PCV valve 
(Figure C13-2) which meters the now at a rate 
depending on manifold vacuum. 

To maintain idle quality, the PCV valve restricts 
the flow when intake manifold vacuum is high. If 
abnormal operating conditions arise, the system is 
designed to allow excessive amounts of blow-by gases 
to back flow through the crankcase vent tube into the 
engine air inlet to be consumed by normal combustion. 

RESULTS OF INCORRECT OPERATION 

A plugged valve or hose may cause: 
• Rough idle. 
• Stalling or slow idle speed. 
• Oil leaks. 
• Sludge in engine. 

A leaking valve or hose would cause: 
• Rough idle. 
• Stalling. 
• High idle speed. 

DIAGNOSIS 

FUNCTIONAL CHECK OF PCV VALVE 

If an engine is idling rough, check for a clogged 
PCV valve or plugged hose. Replace as required. Use 
the following procedure: 
1. Remove PCV valve from rocker arm cover. 
2. · Run the engine at idle. 
3. Place your thumb over end of valve to check for 

vacuum. If there is no vacuum at valve, check for 
plugged hoses or ·manifold port, or PCV valve. 
Replace plugged or deteriorated hoses. 

FUNCTIONAL CHECK OF PCV VALVE •••• C13-1 
ON-CAR SERVICE • • • • • • • • • • • • • • • • • • • • • C13-2 
PARTS INFORMATION • • • • • • • • • • • • • • • • • C13-2 

4. Turn "OFF" the engine and remove PCV valve. 
Shake valve and listen for the rattle of check 
needle inside the valve. If valve does not rattle, 
replace valve. 
With this system, any blow-by in excess of the 

system capacity (from a badly-worn engine, sustained 
heavy load, etc.) is exhausted into the air cleaner and 
is drawn into the engine. 

c:::::> CLEAN Al R 
-. VOLATILE OIL FUMES 
--- MIXTURE OF AIR AND FUMES 

DJ PCVVALVE 

TO THROTTLE BODY 

CRANKCASE VENT HOSE 

PCV VALVE HOSE 

CT] TO INTAKE MANIFOLD 

Figure C13·1 - PCV Flow 
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DJ PCVVALVE 
uJ FILTERED AIR INLET ~ L 

Figure C13-3- Positive Crankcase Ventilation System 5.0L & 5.7L 

DJ CHECK VALVE 
450068-6£ 

Figure C13-2- PCV Valve Cross Section 

Proper operation of the PCV system is dependent 
upon a sealed engine. If oil sludging or dilution is 
noted, and the PCV system is not functioning 
properly, check engine for possible cause and correct 
to ensure that system will function as intended. 

ON-CAR SERVICE 

An engine which is operated without any 
crankcase ventilation c~ be damaged. Therefore, it is 
important to replace the PCV valve at intervals shown 
in Section "OB". 

Periodically, inspect the hoses and clamps and 
replace any showing signs of deterioration. 

PARTS INFORMATION 

PART NAME GROUP 

Air Cleaner • • • • • • • • • • • • • • • • • • • • • • • • • 3. 402 
Breather,A/C and Sil •••••••••••••••••• 3.410 
Hose, C/Case Vent Viv •••••••••••••••• 1.762 
Tube, C/Case Vent • • • • • • • • • • • • • • • • • • • • 1. 762 
Valve Asm, C/Case Vent • • • • • • • • • • • • • • • 1.745 



EXHAUST SYfflM 8F-1 

·SECTION 6F 

-E-XHAUST SYSTEM 
NOTICE: All new OM vehicles are certified by the United States Environmental Protection Agency as 

conforming to the-requirements of the regulations for the control of air pollution from new motor vehicles. This 
certification is contingent on certain adjustments being set to factory stalidards, thus, these adjustment points 
either have been permanently sealed and/or made inaeeemble to prevent indiscriminate adjustment in the field 
For this reason. the factory procedure for temporarily removing plugs, caps, etc., for the purpose of servicing the 
product must be strictly followed and, where practical, returned to the original intent of the design. 

NOTICE: Exhaust system components must have enough clearance from the underbody to prevent 
overheating of the floor pan and posstl>le damage to the passenger compartment, insulation and trim materials. 

The following •Notice• applies to one or more steps in the assembly procedure of components in this portion 
of the manual as indicated at appropriate locations by the terminology: •NOTICE: See "Notice" on page 6F-1 
of this section.• 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. ff a fasten.er needs to be replaced, use the correct part number fastener for that application. ff the correct 
part number fasten.er is not available, a fasten.er of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. H the above conditions are not followed, parts or system damage 
could result. 

CONTENTS 
General Description ............................................. 6F-1 

Exhaust Crossover Pipe .................................... 6F-l 
Muffler .............................................................. 6F-l 
Hangers ............................................................. 6F-1 
Clamps and Welded Connections .................... 6F-2 
Catalytic Converter ......................................... : 6F-2 

Diagnosis ......... ....................................... ........... ... 6F-4 
Testing For Restricted Exhaust ....................... 6F-4 

On-Vehicle Service ........... .................................... 6F-5 
Crossover Pipe .................................................. 6F-5 

Single Converter System ............................... 6F-5 

GENERAL DESCRIPTION 

NOTICE: When inspecting or replacing exhaust 
system components, make sure there is adequate 
clearance from all points on the underbody to 
prevent overheating of the tloorpan and possible 
damage to the passenger compartment insulation 
and trim matenals. 

Check complete exhaust system, nearby body 
areas and rear compartment lid for broken, damaged, 
missing or mispositioned parts, open seams, holes, 
loose connections or other deterioration that could 
permit exhaust fumes to seep into the rear 
compartment or passenger compartment. Dust or 
water in the rear compartment may indicate a problem 
in one of these areas. Any faulty areas should be 
corrected immediately. To help ensure continued 
integrity, the exhaust system pipe rearward of the 
muffler must be replaced whenever a new muffler is 
installed. 

Dual Converter System ....................... ........ 6F-5 
Catalytic Converter .......................................... 6F-6 
Intermediate Pipe ............................................. 6F-6 
Muffler and Tailpipe Assembly ......................... 6F-7 
Heat Shields ...................................................... 6F-7 
Complete Exhaust System 

Replacement .................................................. 6F-ll 
Exhaust to Body Clearance .............................. 6F-11 

Specifications ........................................................ 6F-15 
Special Tools ......................................................... 6F-15 

EXHAUST CROSSOVER PIPE 

The crossover pipe to exhaust pipe connection is 
a flex joint type, eliminating the need for gaskets. 

MUFFLER 
The mufflers are a bi-flow design. Some muffler 

installations have a slot in the inlet and/or outlet pipe. 
The slot indexes to a key (tab) welded on the exhaust 
and/or tailpipe to help maintain alignment. 

HANGERS 

[TI Important 

• Be sure to properly install the exhaust system 
supports. Improperly installed supports can 
cause annoying vtl>rations that can be difficult to 
diagnose. 
Two types of hangers are u$Cd to support the 

exhaust system. One type is a conventional rubber 
strap and the second ~ is a rubber block. The rubber 
block type provides a ngid hanger along with a feature 
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that continues to support the exhaust system if a rubber 
insulator block is broken. 

CLAMPS AND WELDED CONNECTIONS 
Figure 1 

CAUTION: Coat slip joints with 
exhaust system sealer before 
assembly to prevent exhaust from 
entering the vehicle and causing 
personal injury. 
Two methods are used for connection exhaust 

system slip joints: clamps and welds. When servicing 
a welded connection it should be cut and the new 
connection clamped when installing replacement parts. 

Three types of clamps arc used for connecting 
exhaust system slip joints: guillotine, saddle/U-bolt 
and single nut compression. 

--1 

SLOT IN PIPE 

--......9/16 EXH. CROSSOVER TO EXH. PIPE 
3/8 REMAINING JOINTS 

EXHAUST SYSTEM U-BOL T CLAMPS 

POSITION CLAMP AS SHOWN IN RELATION 
TO SLOT TO PREVENT GAS LEAKS 

520001-8F 

Figure 1 - Installing Exhaust System Clamp 

·cATAL YTIC CONVERTER 
F",gure2 

CAUTION: Prolonged operation with a 
misfiring or flooded engine may cause 
the converter to overheat. This could 
cause possible personal injury and 
damage either to the catalyst or to the 
operating vehicle. 

NOTICE: When jacking or lifting vehicle from 
frame side rails, be certain· the lift pads do not 
contact catalytic converter or damage to converter 
may result. · 

NOTICE: The catalytic converter requires the use 
of unleaded fuel only, or damage to the catalyist 
may result. · 

The catalytic converter is an emission control 
device added to the exhaust system to reduce 
pollutants from the exhaust gas stream. 

Periodic maintenance of the exhaust system is not 
required. If the vehicle is raised for other service, it is 
advisable to check the condition of the complete 
exhaust system. 

A dual red monolith catalytic converter, single 
bed pellet an~ dual bed pellet, are used in combination 
with two different types of catalysts: oxidation catalyst 
and three-way (reduction/oxidation) catalyst. 

The catalysts have coatings that contain platinum 
and palladium. The oxidation catalyst lowers the level 
of hydrocarbons (HC) and carbon monoxide (CO). The 
three-way catalyst lowers the level of oxides of nitrogen 
(NO.) as well as HC and CO. 
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DIAGNOSIS 

CONDITION 
Leaking Exhaust Gases 

Exhaust Noises 

Loss of Engine Power 
and/or Internal Rattles 
in muffler. 

POSSIBLE CAUSE 
1. Leaks at pipe 

joints. 

2. Damaged or improperly 
installed seals or 
packing . 

. 3. Loose exhaust pipe 
heat tube extension 
connections. 

4. Burned or rusted-out 
exhaust pipe ·heat 
tube extensions. 

1. Leaks at manifold or 
pipe connections. 

2. Burned or blown-out 
muffler. 

3. Burned or rusted-out 
exhaust pipe. 

4. Leaking exhaust pipe 
at manifold flange. 

5. Cracked or broken · 
exhaust manifold. 

6. Leak between manifold 
and cylinder head. 

Dislodged turning 
tubes and/or baffles in 
the muffler, converter, 
or exhaust pipe. 

CORRECTION 
1. Tighten U-bolt nuts at 

leaking joints to 
specifications. 

2. Replace seals or packing 
as necessary. 

3. Replace seals or packing 
as necessary. Tighten stud 
nuts or bolts to 
specifications. 

4. Replace heat tube 
extensions as necessary. 

1. Tighten clamps at 
leaking connections to 
specifications. Replace 
gasket or packing as 
necessary.· 

2. Replace muffler 
assembly. 

3. Replace exhaust pipe. 

4. Tighten attaching 
bolts and nuts to 
specifications. 

S. Replace manifold. 

6. Tighten manifold-t~ 
cylinder head stud nuts or 
bolts to specifications. 

Replace muffler, 
converter, or exhaust pipe. 

TESTING FOR RESTRICTED EXHAUST 
F,gure 3 

7. Start the engine. 

Tools Required: 
J 26911 Propane Enrichment Device 

1. Operate engine until it is at normal engine 
operating temperature. 

2. Turn engine control switch to "OFF". 
CAUTION: Engine parts are at 
operating temperature. It may be 
necessary to wear gloves to avoid 
burning hands. 

3. Remove rubber hose at the exhaust manifold· air 
pipe check valve (8). 

4. Remove check valve (8). 
5. Comiect fuel pump pressure gage to the hose and 

nipple from J 26911. 
6. Put nipple into the exhaust manifold air pipe (7). __ 

8. With the engine idling at normal operating 
temperature, observe the exhaust system back 
pressure reading on the gage. The reading should 
not exceed 8.6 kPa (1.25 psi). 

9. Accelerate the engine to 2,000 rpm and observe 
the gage. The reading should not exceed 20. 7 kPa 
(300 psi). 
• H the back pressure exceeds specification, at 

either rpm, a restricted exhaust system is 
indicated. 

10. Turn the engine control switch to "OFF". 

IL•l 1nspect 
• Exhaust system for a collapsed pipe. 
• Muffler for heat distress or internal failure. 

11. If no other cause for excessive back pressure is 
found, replace the catalytic converter. 



12. Remove hose and nipple ·of J 26911. 
13. Install check valve (8) in the air pipe (7). 
14. Install hose and new clamp on the check valve 

(8). . 

0 PRESSURE GAGE 

0 HOSE AND NIPPLE FROM J 26911 

[I] AIR PIPE (EXHAUST PORTI 

0 CHECK VALVE 

' I --

ltCOOOUF-F-RP 

Figura 3 - Tasting Restricted Exhaust 

ON-VEHICLE SERVICE 
The exhaust system is a single MIG welded 

assembly. Exhaust system service includes replacement 
of the following items: 

- C~ver pipe. 
- Catalytic converter. 
- Intermediate pipe. 
- Muffler and tailpipe assembly. 
- Heat shields. 

CROSSOVER PIPE · 

Figures 4 through 6 

On the single converter system the crossover pipe 
can be removed from the converter and manifold. On 
the dual converter system the crossover pipe can be 
removed from the manifold, but not from the 
converters. The crossover pipe and both converters 
must be replaced as a complete assembly. 

Single Converter System 

f +-+I Remove or Disconnect 

1. Hose (18) at the switching valve (19). 
2. Air injection pipe hold-down bracket nut. 

EXHAUST SYSTEM &F-6 

• Raise vehicle and suitably support. Refer to 
GENERAL INFORMATION (SEC. 0A). 

3. . Nuts (13). 
4. C~ver pipe (14) from the exhaust manifold 

(10). 
• Lower exhaust assembly. 
5. Seal (11) from the crossover pipe (14). 
6. Clamp (20) holding the air injection pipe (15) to 

the crossover pipe (14). · 
7. Clamp (23) from the crossover pipe (14) at the 

converter (21). 
8. Crossover pipe (14). 

f-++l lnstall or Connect 
NOTICE: See "Notice• on page 6F-1 of this 
section for steps 2, 6 and 7. 

1. Crossover pipe (14). 
2. Clamp (23) to the crossover pipe (14) at the 

converter (21). 

~ Tighten 

• Clamp nut to 60 N • m (44 lb. ft.). 
3. Clamp (20) holding the air injection pipe (15) to 

the crossover pipe (14). 
• Raise exhaust assembly. 
S. Cr~ver pipe (14) to the exhuast manifold (10). 
6. Nuts (13). 

,~, Tighten 

• Nuts (13) to 20 N·m (15 lb. ft.). 
• Lower vehicle. 
7. Air injection pipe hold-down bracket nut. 

l~I Tighten 

• Nut to 25 N ·m (18 lb. ft.). 
8. Hose (18) to the switching valve (19). 

Dual Converter System a Remove or Disconnect 

• Raise vehicle and suitably support. Refer to 
GENERAL INFORMATION (SEC. 0A). 

1. Clamp nuts (16). 
2. Clamp (17). 
3. Nuts (13). 
4. Crossover pipe (14) from the exhaust manifold 

(10). 
• Lower the exhaust assembly. 
5. Spacer (9) from the crossover pipe (14). 
6. Clamp (28) from the intermediate pipe (29). 
7. Hanger bolts (24). 
8. Nuts (27) from the clamps (22). 
9. Clamps (22) from the air injection pipe (15). 

10. Air injection pipe (15) from the exhaust system. 
11. Crossover pipe (14) and converters (21). 



8F-8 EXHAUST SYSTEM 

E3 Install or Connect 

NOTICE: See •Notice• on page 6F-l of this 
section for steps 4 through 6, 9 and 11. 

1. Crossover pipe (14) and converters (21). 
2. Air injection pipe (15) to the exhaust system. 
3. Clamps (22) to the air injection pipe (15). 
4. Nuts (27) to the clamps (22). 

~ Tighten 

• Nuts (27) to 8.8 N ·m (78 lb. in.). 
5. Hanger bolts (24). 

l~I Tighten 

• Hanger bolts (24) to 50 N ·m (37 lb. ft.). 
6. Clamp (28) to the intermediate pipe (29). 

l~I Tighten 

- Clamp nuts on the LBS and LO3 engines to 
38 N·m (28 lb. ft.). 

- Clamp .nuts on the LB9 and L98 engine to 
60 N ·m (44 lb. ft.). 

7. Spacer (9) to the crossover pipe (14). 
• Raise the exhaust assembly. 
8. Crossover pipe (14) to the exhaust manifold (10). 
9. Nuts (13). 

l~I Tighten 

• Nuts (13) to 20 N ·m (15 lb. ft.). 
10. Clamp (17). 
11. Clamp nut (16). 

l~I Tighten 
• Clamp nuts (16) to 8.8 N·m (78 lb. in.). 

CATALYTIC CONVERTER 
Figure 5 and 6 

On the single converter system, the catalytic 
converter can be removed without removing the 
crossover pipe. On the dual converter systemt the 
catalytic converter is removed as an assembly with the 
crossover pipe. Refer to • Crossover Pipe• in this 
section. 

E3 Remove or Disconnect 

• Raise vehicle and suitably support. Refer to 
GENERAL INFORMATION (SEC. 0A). 

1. Bolts (30) at intermediate pipe (29). 
2. Intermediate pipe (29) from the converter (21). 
3. Clamp (23) at the crossover pipe (14). 
4. Air injection pipe clamp (22) from converter (21). 
5. Hanger bolts (24). 
6. Catalytic converter (21). 

E3 Install or Connect 

NOTICE: Sec "Notice" on page 6F-1 of this 
section for steps 2 through 4 and 6. 

1. Catalytic converter (21). 
2. Hanger bolts (24). 

l~I Tighten 

• Bolts (24) to 50 N ·m (37 lb. ft.). 
3. Air injection pipe clamp (22). 

l~I Tighten 

• Nuts 8.8 N·m 78 lb. in.). 
4. Clamp (23) at the crossover pipe (14). 

l~I Tighten 
• Nuts to 60 N·m (44 lb. ft.). 

5. Intermediate pipe (29) to the converter (21). 
6. Bolts (30) at intermediate pipe (29). 

~ Tighten 

• Bolts (30) to 20 Ne. (15 lb. ft.). 
• Lower the vehicle. 

INTERMEDIATE PIPE 
Figures 6 through 8 

l+-+I Remove or Disconnect 

• Raise vehicle and suitably support. Refer to 
GENERAL INFORMATION (SEC. 0A). 

1. Bolts (30) or clamp (28) from the intermediate 
pipe (29) a the converter (21). 

• Lower the exhaust assembly. 
2. Clamp (31) from muffler (32). 
3. Nut (33) from the hanger on the intermediate 

pipe (29) for the V 6 engine. 
4. Hanger from hanger bracket (34). 
5. Intermediate pipe (29). 

E3 Install or Connect 

NOTICE: See •Notice• on page 6F-l of this 
section for steps 3 through 5. 

1. Intermediate pipe (29). 
2. Hanger to hanger bracket (34). 
3. Nut (32) to the hanger on the intermediate pipe 

(29) for the V6 engine. 

l~I Tighten 
• Nut (32) to 22 N·m (16 lb. ft.). 

4. Clamp (31) at muffler (32). 

l~I Tighten 
- Clamp nut on VS to 26 N·m (19 lb. ft.). 
- Clamp nut on V6 to 38 N·m (28 lb;ft.). 

• Raise the exhaust assembly. 
5. Bolts (30) or clamp (28) to intermediate pipe (29). 

at the converter (21). 

l~I Tighten 

- Bolts (30) to 20 N·m (15 lb. ft.). 
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EXHAUST SYSTEM· &F-7 
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. Figure 4 - Manifold Attachments 

- Clamp nuts on the LBS and L03 engines to 
38 N ·m (28 lb. ft.). 

- Clamp nuts on the LB9 and L98 engines to 
60 N·m (44 lb. ft.). 

• Lower the vehicle. 

MUFFLER AND TAILPIPE ASSEMBLY 
Figures 7 and 9 

E3 Remove or Disconnect 

• Raise vehicle and suitably support. Refer to 
GENERAL INFORMATION (SEC. OA). 

1. Oamp (31) at muffler (32). 
2. Hanger bolts (36). 
3. Muffler (32) and tailpipes. 

E3 Install or Connect 

NOTICE: See •Notice• on page 6F-l of this 
section for steps 2 and 3. 

1. Muffler (32) and tailpipes. 

2. Hanger bolt (36). 

~ Tighten 

• Bolt (32) to 10 N ·m (89 lb. in.). 
3. Clamp (31) at muffler (32). 

~ Tighten 
- Clamp nut on VS to 26 N ·m (19 lb. ft.). 
- Clamp nut on V6 to 38 N·m (28 lb. ft.). 

• Lower vehicle. 

HEAT SHIELDS 
Heat shields are installed between the exhaust 

system components and the underbody of the vehicle. 

l++I Remove or Disconnect 

• Raise vehicle and suitably support. Refer to 
GENERAL INFORMATION (SEC. OA). 

1. Screws. 
2. Heat shield. 
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Figure 5 - Air Injection System Attachments 
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Figure 6 - Catalytic Converter Attachments 
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Figure 7 - Intermediate Pipe at Muffler 
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Figure 8 - Intermediate Pipe Hanger 

E3 Install or Connect 

1. Heat shield 

NOTICE: See '"Notice'" on page 6F-1 of this 
section. 

2. Screws. 

0 V6 

[!] vs 

§] MUFFLER [!] 

~ HANGER 

e!1 BOLT 

KC0OOS.IF-F-RP 

Figure 9 - Muffler Hanger 



~ Tighten 

• Screws to 2 N ·m (18 lb. in.). · 

· • Lower vehicle. 

COMPLETE EXHAUST SYSTEM REPLACEMENT 

EJ Remove or Disconnect 

1. Muffler and tailpipe assembly. Refer to •Muffler 
and Tailpipe Assembly• in this section. 

2. Intermediate pipe. Refer to •Intermediate Pipe• 
in this section. 

3. Catalytic converter. Refer to •Catalytic 
Converter• in this section. 

'EXHAUST' SYSTEM 8f.;11 

4. Crossover pipe. Refer to • Crossover Pipe' in this 
section. · 

E3 Install or Connect 
1. Crossover pipe. Refer to • Crossover Pipe"' in this 

section. 
2. Catalytic converter. Refer to •Catalytic 

Converter" in this section. 
3. Intermediate pipe. Refer to •intermediate Pipen 

in this section. 
4. · Muffler and tailpipe assembly. Refer to •Muffler 

· and Tailpipe Assembly"' in this section. 

EXHAUST TO BODY CLEARANCE 
For exhaust to body clearance specifications, 

refer to Figures 10 through 13. 
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SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

EXHAUST SYSTEM &F-15 

Crossover Pipe-to-Converter Clamp Nut ......................................................... 60 N·m (44 lb. ft.) 
Converter-to-Exhaust Manifold Bolt ................................................................ 20 N·m (15 lb. ft.) 
Air Injection Pipe Hold-down Bracket Nut ..................................................... 25 N·m (18 lb. ft.) 
Air Injection Pipe-to-Crossover Pipe Clamp Nut ........................................... 8.8 N ·m (78 lb. ft) 
Converter Hanger Bolts .................................................................................... 50 N ·m (37 lb. ft.) 
Intermediate Pipe-to-Converter Assembly Clamp Nut 

LB8/LO3 ....................................................................................................... 38 N·m (28 lb. ft.) 
LB9/L98 .............. .-......................................................................................... 60 N ·m (44 lb. ft) 

Air Injection Pipe Clamp Nut ........................................................................ 8.8 N ·m (78 lb. in.) 
Intermediate Pipe-to-Converter Bolt ................................................................ 20 N ·m (15 lb. ft.) 
Intermediate Pipe Hanger-to-Hanger Bracket Nut ............................................. 22 N· m (16 lb. ft.) 
Intermediate Pipe-to-Muffler Clamp Nut 

VS ............... .....•.............................................................................................. 26 N·m (19 lb. ft.) 
V6 ................................................................................................................... 38 N ·m (28 lb. ft.) 

Muffler-to-Hanger Bolt .................................................................................... 10 N ·m (89 lb. in.) 
Heat Shield Screw ............................................................................................... 2 N ·m (18 lb. in.) 

SPECIAL TOOLS 

~\'O J26911 

OJ PROPANE ENRICHMENT DEVICE 
KCOOOMIUI-RP 





TRANSMISSION INFORMATION 7 A~ f 

SECTION 7A 

TRANSMISSION GENERAL INFORMATION 
AND ON-VEHICLE SERVICE 

The following "Notice" applies to one or more steps in the assembly frocedure of components in this portion 
of the manual as indicated at appropriate locations by the terminology: NOTICE: See "Notice" on page 7A-l 
of this section.• 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced. use the CQrrect part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused. and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 
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Preliminary Checking Procedure ................... 7A-3 
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Flywheel/Torque Converter Vibration 
Test Procedure ............................................ 7 A-4 
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Shift Control Cable ........................................ . 7 A-8 
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Switch Adjustment Using Old 
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GENERAL DESCRIPTION 
TRANSMISSION IDENTIFICATION 
INFORMATION 

Figures 1 and 2 

All automatic transmissions have a metal 
identification nameplate attached to the case exterior 
or a stamped identification number on the pan rail. The 
location of this identification is shown in Figure 1. The 
information will assist in the servicing and 

Switch Adjustment Using New 
Switch ...................................................... 7A-11 

TV Cable System .......................................... 7A-11 
TV Cable System Diagnosis ......................... 7A-ll 

Line Pressure Checks ............................... 7A-12 
Checking Line Pressure Regulation .......... 7A-12 
Checking Lifter and Checkball 

"Fail-Safe" System ................................. 7A-12 
Inspection of TV System Parts ................ 7 A-12 

TV Cable Assembly ..................................... 7A-12 
TV Cable Adjustment .................................. 7A-13 
Changing Fluid and Filter ........................... 7A-13 
Oil Cooler Flushing Procedure .................... 7A-13 

Serviceable Components .................................... 7A-16 
Servo Assembly .................... ; ....................... 7A-16 
Speedometer Driven Gear ............................ 7A-19 
Speedometer Drive Gear ......................... ..... 7 A-20 
Governor ...................................................... 7A-20 
Filler Tube .................................................... 7A-21 
Pressure Regulator Valve ............................. 7A-21 
Accumulator Assembly ................................ 7A-21 
Auxiliary Valve Body ................................... 7A-22 
Control Valve Assembly .............................. 7A-23 
Rear Oil Seal ................................................ 7A-24 
Oil Cooler Pipes ..... ...................................... 7 A-24 
Transmission Assembly Removal and 

Installation ................................................ 7A-26 
Specifications .................................................... 7 A-29 
Special Tools .................................................... 7 A-29 

determination of replacement parts when ordered 
through a GM Parts Catalog. 

Additional transmission identification is 
provided on the service parts identification label as 
shown in Figure 2. This label contains information on 
the regular production options (RPO) as well as 
standard and mandatory options. This label is affixed 
to the inside of each vehicle at the assembly plant. 
Refer to GENERAL INFORMATION (SEC. 0A) for 
label location and additional information. 



7A-2 TRANSMISSION INFORMATION 

TRANSMISSION l.O. 
NAMEPLATE 
LOCATION 

THM 700-R4 TRANSMISSION IDENTIFICATION INFORMATION 
TOLEDO, OHIO 

JULIAN DATE 
IOR OAY OF THE YEA10 

~o~;•j~ ,i~:• .... :_ .. A_, _ __.__ __ ..., 

SHIFT BUILT 
MODEL A & 8 • RRST SHIFT 

C 6 H • SECOND SHIFT 

KHC200.700R4 

Figure 1 - Transmission Identification Information 

M- INDICmS TRANSMISSION 
TYPE IN OPTION UST. ISPECIRC 
MODEL CODE IS FOUND ON THE MX- DESIGNAJ'ES 
TRANSMISSION NAMEPlATE) AUTOMATIC TRANSMISSION 
MDR-DESISNATES THM 700-R4 uv -----·· '"iri; 4 SDCm 

SEIVICE PARTS IDEITIFlmlOI DO IOT REIIOYE 
....... 

1 6 3 A R 4 7 Y X E 5 1 0 0 0 0 1 

CIIO C95 DF3 D3C D33 D 8 I Z El D FR. F40 061 GW9 Gill 6U2 689 
JAi JA4 KD5 1<22 K99 lV2 IMD8IMXOINA5 NBl NICI NK2 N33 N67 GJW 

T87 W3 U23 U35 voe VlO WC3 W62 YT9 Y56 OIL &SC 428 421 420 

4ZT 409 7SB swr 9WT 11A 90A 

PIINTID IN U.S.A. PART NO. 14085987 

KH0201-700R4 

Figure 2 - Service Parts Identification Label 

TRANSMISSION DEFINITIONS 
The following definitions are being provided to 

establish a common language and assist the user in 
describing transmission related conditions. Some of 
these terms or conditions are used in the transmission 
diagnosis section of this service manual. 

THROTTLE POSITIONS 
Minimum throttle - the least amount of 

throttle opening required for an upshift. 
Light throttle - approximately 1/4 of 

accelerator pedal travel. 
Medium throttle - approximately 1/2 of 

accelerator pedal travel. 
Heavy throttle - approximately 3/4 of the 

accelerator pedal travel. 
Wide open throttle - full travel of the 

accelerator pedal. 
Full throttle detent downshift - a quick 

application of the accelerator pedal to its full travel, 
forcing a downshift. 

Zero throttle coastdown . a full release of the 
accelerator pedal while the vehicle is in motion in the 
drive range. 

Engine braking - a condition where the engine 
is used to slow the vehicle by manually dow.QShifting 
during a zero throttle coastdown. 

Bump• a sudden and forceful application of a 
clutch or band. · 

Chuggle • a bucking or jerking condition that 
may be engine related. May be most noticeable when 
the converter clutch is engaged. Similar to the feel of 
towing a trailer. . _ 

Delayed • a condition where a shift is expected 
but does not occur for a period of time. Samples of this 
condition could be described as clutch or band 
engagement that does not occur as quickly as expected 
during a part throttle or wide ope~ throttle application 
of the accelerator, or, when manually downshifting to 
a lower range. Also defiiled as "late" or, "extended." 

Double bump • two sudden and forceful 
applications of a clutch or band. Also defined as 
"double feel." 

Early - a condition where the shift occurs before· 
the vehicle has reached a proper speed and tends to 
labor the engine after the upshift. 

End bump - a finner feel at the end of a shift as 
compared to the feel at the start of the shift Also 
defined as "end feel" or "slip bump." 

Firm - a noticeable quick application of a clutch 
or band that is considered normal with a medium to 
heavy throttle_ shift .. Should not be confused with 
"harsh" or "rough." 

Flare - a quick increase in engine rpm 
accompanied with a momentary loss of torque. This 
most generally occurs during a shift. Also defined as 
"slipping." 

Harsh - a more noticeable application of a clutch 
or band or as compared to "firm". This condition is 
considered undesireable at any throttle position. Also 
defined as "rough." 

Hunting - a repeating quick series of upshifts 
and downshifts that causes a noticeable change in 
engine rpm. An example could be described as a 4-3-4 
shift pattern. Also defined as "busyness." 

Initial feel - a distinct firmer feel at the start of 
a shift as compared to the finish of the shift. 

Late - a shift that occurs when the engine is at 
a higher than normal rpm for a given amount of 
throttle. 

Shudder - a repeating jerking sensation similar 
to • chuggle" but more severe and rapid in nature. This 
condition may be most noticeable during certain ranges 
of vehicle speed. May also be used to define the 
condition after converter clutch engagement. 



. Slipping - a noticeable increase in engine rpm 
without a vehicle speed increase. A slip usually occurs 
during or after initial clutch or band engagement. 

Soft - a slow, almost unnoticeable clutch 
application with very little shift. feel. . 

Surge - a repeating engine related feeling of 
acceleration and deceleration that is less intense than 
'chuggle." 

Tie-up - a conditon where two opposing clutches 
are attempting to apply at the same time causing the 
engine to labor with a noticeable loss of engine rpm. 

Noise Conditions 
Gear noise - a whine; most noticeable in first 

gear and reverse that is related to vehicle speed. A gear 
noise condition may become less_noticeable or go away 
after an upshift. 

Pump noise - a high pitch whine that increases 
in intensity with engine rpm. This condition may also 
be noticeable in the "PARK" and "NEUTRAL" 
operating ranges with the vehicle stationary. 

PRELIMINARY CHECKING PROCEDURE 
Transmission performance may be influenced by 

one or a combination of the following items. These 
items should be checked and corrected if necessary, 
before attempting transmission diagnosis. 
• High or low fluid level. 
• Engine performance. Refer to ENGINE 

GENERAL INFORMATION AND 
MECHANICAL DIAGNOSIS (SEC. 6) and 
DRIVEABILITY AND EMISSIONS 
GENERAL INFORMATION (SEC. 6E). 

• Throttle Valve (TV) cable adjustment. 
• Manual linkage adjustment. 
• Internal fluid leaks. Refer to AUTOMATIC 

TRANSMISSION DIAGNOSIS (SEC. 700-R4). 
• Electrical system. Refer to ENGINE 

ELECTRICAL (SEC. 6D) and ELECTRICAL 
DIAGNOSIS (SEC. 8A). 

• Transmission or other mechanical component. 
Refer to AUTOMATIC TRANSMISSION 
DIAGNOSIS (SEC. 700-R4). 

NOISE AND VIBRATION ANALYSIS 
A noise or vibration that is noticeable when the 

vehicle is in motion, may not be the result of the 
transmission. 

Ifnoiseorvibrationisnoticeablein "PARK' and 
"NEUTRAL" with engine at idle, but is less noticeable 
as rpm iticrease, the cause may be from poor engine 
performance. 

IL•I Inspect 

• Tires for: 
- Uneven wear. 
- Imbalance. 
- Mixed sizes. 
- Mixed radial and bias ply. 
- Refer to TIRES AND WHEELS (SEC. 

3E). 
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• Suspension components for: 
- Alignment and wear. 
- Loose fasteners. 
- Refer to FRONT SUSPENSION (SEC. 

3C). 
• Engine and transmission mounts for: 

- Damage. 
- Loose bolts. 

• Transmission case mounting holes for: 
- Missing bolts, nuts, studs. 
- Stripped threads. 
- Cracks. 

• Flywheel for: 
- Missing or loose bolts. 
- Cracks. 
- Imbalance. 

• Torque converter for: 
- Missing or loose bolts or lug nuts. 
- Missing or loose balance weights. 
- Imbalance. 

TRANSMISSION FLUID INFORMATION 
Checking fluid level, color and condition at 

regular intervals will provide early diagnosis 
information about the transmission. This information 
may then be used to correct a condition that, if not 
detected early, could result in major transmission 
repairs. 

When adding or changing fluid, use only 
DEXRON®II, or equivalent. Refer to 
MAINTENANCE AND LUBRICATION (SEC. OB) 
for maintenance information and servicing intervals. 

NOTICE: Do not overfill. Overfilling will cause. 
foaming, loss of fluid and possible damage to the 
transmission. 

• Fluid level should be checked when it reaches 
normal operating temperatures of 88-93°C 
( l 90-200°F). This temperature is reached after 
approximately 24 km (15 miles) of highway 
driving. 

• Fluid color should be red. 
• Inaccurate fluid level readings will result if the 

fluid is checked immediately after the vehicle has 
been operated: 
- In high ambient temperatures above 32°C 

(90"F). 
- At sustained high speeds. 
- In heavy city traffic du.ring hot weather. 
- As a towing vehicle. 
- In commercial service (taxi or police use). 

TRANSMISSION FLUID CHECKING 
PROCEDURE 
Figure 3 

1. Start engine and operate vehicle for 15 minutes or 
until a normal operating temperature is reached. 

2. Park vehicle on level ground. 
3. Apply parking brake.and block wheels. 
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4. · Move gear selector through all gear positions. 
5. Move gear selector to •p ARK" .. 
6. Let vehicle idle for 3 minutes with accessories off. 
7. · Check fluid level, color and condition. 

GENERAL SERVICE PROCEDURES 
PARTS CLEANING, INSPECTION AND 
REPLACEMENT 
• Use appropriate safety equipment such as: 

- Safety glasses. 
- Safety shoes. 
- Gloves. 

• Keep work areas and tools clean. 
• Clean transmission exterior before removing 

parts. 
• Do not use wipe cloths or rags. 
• Do not use solvents on: 

- Rubber seals. 
- Plastic/feflon@ thrust washers or spacers. 

• Blow out all passages with compressed air. 
• Clean out small passages with fine wire. 
• Handle parts carefully to prevent damage. 
• Lubricate all internal parts with transmission 

fluid during assembly. 
• When installing screws, bolts or studs into 

aluminum always dip the threads in transmission 
fluid. 

• Always use a torque wrench for proper 
tightening. 

• Recondition damaged or stripped aluminum 
threads with thread inserts. 

• Replace all gaskets and 0-ring seals. 
- Do not use gasket cement or sealers. 

• Replace Teflon® and rubber lip seals only when 
necessary and install using the appropriate seal 
protector. 

IL•I Inspect 

• Manual linkage for: 
- Wear at pivoting points. 
- Bent or broken links and rods. 

• All seals, gaskets, 0-ring seals and mating 
surfaces for: 
- Nicks. 
- Cuts. 
- Damage. 

• Snap rings for: 
- Expansion or compression. 

Distortion. 
- Nicks. 
- Proper ring to groove fit. 

• Bearings and thrust surfaces for: 
- Wear. 
- Scoring. 
- Pitting. 

FLYWHEEL/TORQUE CONVERTER VIBRATION 
TEST PROCEDURE 

NOTICE: Some engine/transmission 
combinations cannot be balanced in this manner 
due to limited clearances between the torque 
converter bolts and the engine. Be sure bolts do not 
bottom out in lug nuts or the torque converter 
cover could be dented and cause internal damage. 

l+-+I Remove or Disconnect 

• Start engine. 
• With engine at idle speed and the transmission in 

•p ARK" or "NEUTRAL", observe vibration. 
• Shut off engine. 
1. Converter shield attaching bolts. 
2. Flywheel to torque converter attaching bolts. 

• Rotate torque converter 120 degrees (1/3 turn). 

I-++! Install or Connect 

NOTICE: See •Notice• 
section for steps 1 and 2. 

on page 7A-1 of this 

1. Flywheel to torque converter attaching bolts. 

l~I Tighten 

• Bolts to 62 N·m (46 lb. ft.). 
2. Converter shield attaching bolts. 

l~I Tighten 

• Bolts to 10 N • m (89 lb. in.). 
• Start engine and check for vibration. 

- If vibration still exists, repeat this procedure 
until the best possible balance is obtained. 

FLUID LEAK DIAGNOSIS 
Figure 4 

The cause of most external leaks generally can be 
located and repaired with the transmission in the 
vehicle. 

Methods for Locating Leak 
General Method 

1. Verify that the leak is transmission fluid. 
2. Thoroughly clean the suspected leak area. 
3. Operate the vehicle for about 24 km (15 miles) or 

until normal operating temperatures are reached. 
4. Park the vehicle over clean paper or cardboard. 
5. Shut off engine and look for fluid spots on paper. 
6. Make necessary repairs. 

Powder Method 
1. Thoroughly clean the suspected leak area with 

solvent. 
2. Apply an aerosol type powder (foot powder) 

the suspected leak area. 
3. Operate the vehicle for about 24 km (15 miles) or 

until normal operating temperatures are reached. 
4. Shut off engine. 
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HOT FULL 

COLO FULL 

CHECK FLUID COLOR 
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I I 
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PINK I OK. BROWN I 

I CHECK FLUID LEVEL 
I I REPLACE COOLER NOTICE: TRANSMISSION 
I FLUID MAY TURN DARK 

~ 
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AND DOES NOT ALWAYS 
INDICATE CONTAMINATION 

HIGH I LOW I rt FOAM r- OR OXIDATION 

REMOVE ADO FLUID TO FLUID CONTAMINANTS DRAIN FLUID TO 
EXCESS OBTAIN PROPER LEVEL IN DETERMINE IF 

FLUID LEVEL HIGH FLUID THERE IS CONT AMI NATION 

CHECK FOR EXTERNAL DRAIN FLUID NOTICE: A VERY SMALL 
LEAKS (REFER TO TO DETERMINE AMOUNT OF MATERIAL 

.. FLUID LEAK SOURCE OF - IN THE BOTTOM PAN IS 
DIAGNOSIS" CONTAMINATION A NORMAL CONDITION 

I CORRECT LEAK I REMOVE CHANGE 
CONDITION EXCESS FLUID AND 

FLUID FILTER 

TRANSMISSION. LARGE PIECES OF 
OVERHAUL· REQUIRED METAL OR OTHER 

(REFER TO "UNIT MATERIAL IN THE 
REPAIR SECTION") BOTTOM PAN 

ADD NEW FLUID TRANSMISSION 
OVERHAUL REQUIRED 
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ADO NEW FLUID 

- PERFORM ROAD TEST CHECK FLUID LEVEL 
(REFER TO TRANSMISSION 

DIAGNOSIS SECTIONI 

KH0202-700.R4 

Figure 3 • Checking Fluid Color, Level and Condition 
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5. Inspect suspected leak area and trace the leak 
path through the powder to find the source. 

6. Make necessary repairs. 

Dye and Black Light Method 

A fluid dye and black light kit is available from 
various tool manufacturers. 

1. Follow the manufacturer's recommendations for 
the amount of dye to be used. 

2. Detect the leak with the black light. 
3. Make necessary repairs. 

Repairing the Leak 
Once the leak bas been pinpointed and traced 

back to its source, the cause of the leak must be 
determined for it to be repaired properly. For example, 
if a gasket is replaced, but the sealing flange is bent, the 
new gasket will not repair the leak. The bent flange 
must be repaired also. The following conditions may 
cause a leak. Before attempting to repair a leak, these · 
conditions should be checked and corrected if 
necessary. 

Gaskets 

IL•I Inspect 

• Fluid level/pressure is too high. 
• Plugged vent or drain-back holes. 
• Improperly tightened fasteners, dirty or damaged 

threads. 
• Warped flanges or sealing surface. 
• Scratches, burrs or other damage to the sealing 

surface. 
• Damaged or worn gasket. 
• Cracking or porosity of the component. 
• Improper sealant used, where applicable. 

Seals 

ll•I Inspect 
• Fluid level/pressure is too high. 
• Plugged vent or drain-back holes. 
• Damaged seal bore. 
• Damaged or worn seal. 
• Improper installation. 
• Cracks in component. 
• Scratched, nicked or damaged, manual or output 

shaft surface. 
• Loose or worn bearing causing excess seal wear. 

Possible Points of Fluid Leak 
Transmission Oil Pan 

IL•! Inspect 
• Incorrectly tightened attaching bolts. 
• Improperly installed or damaged gasket. 
• Damaged oil pan. 

Case Leak 

ll•I Inspect 
• Damaged or missing filler tube seal. 
• Mislocated filler tube bracket. 
• Missing, damaged, or improperly installed TV 

cable seal. 
• Damaged or missing governor cover and 0-ring 

seals. 
• Damaged speedometer driven gear/speed sensor 

seal 
• Damaged manual shaft seal. 
• Loose or damaged oil cooler connector fittings. 
• Worn or damaged propeller shaft oil seal. 
• Loose parking pawl shaft cup plug, if equipped. 
• Loose governor pressure pipe plug. 
• Loose line pressure pipe plug. 
• Porous casting. 

Leak at Converter End 

IL•I Inspect 

• Converter seal damaged. 
- Seal lip cut, check converter hub for 

damage. 
- Bushing moved forward and damaged. 
- Garter spring missing from seal. 

• Converter leak in weld area. 
• Porous casting of the case or pump. 

Leak at Vent Pipe or Filler Tube 

IL•! Inspect 
• Over-filled system. 
• Water or coolant in fluid. Fluid will appear 

milky. 
• Case porous. 
• Incorrect fluid level indicator. 
• Plugged vent. 
• Plugged drain-back holes. 
• Mispositioned oil pump to case gasket, if 

equipped. 

Case Porosity Repair 
1. Clean the leak area with solvent and air dry. 

CAUTION: Epoxy cement may cause 
skin irritations and eye damage. Read 
and follow all information on the 
container label as provided by the 
manufacturer. 

2. Mix a sufficient amount of epoxy cement GM 
1052533, or equivalent, following the 
manufacturer's recommendations. 

3. While the transmission case is hot, apply epoxy 
cement with a clean, dry soldering acid brush. 

4. Allow the epoxy cement to cure for three houn. 
before starting the engine. 

5. Repeat fluid leak diagnosis procedures to 
determine that the leak bas been corrected. 
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TORQUE CONVERTER CLUTCH ELECTRICAL 
CONTROLS 

The torque converter clutch (TCC) system uses 
controls that are internal as well as external to the 
transmission. For internal control components -of the 
TCC system, refer to AUTOMATIC 
TRANSMISSION DIAGNOSIS (SEC. 700-R4) for 
wiring diagrams and switch locations. 

The external control components of the TCC 
system include: 

Brake release switch - to avoid stalling the 
engine when braking, the converter clutch is released. 
any time the brakes are applied. 

Electronic control module - receives input 
signals and grounds TCC solenoid to apply clutch 
when proper operating conditions are met. 

Throttle position sensor - sends throttle 
position information to electronic control module. 

Vacuum sensor - sends engine vacuuum (load) 
information to electric control module. 

Vehicle speed sensor - sends vehicle speed 
information to electronic control module. 

Coolant temperature sensor - sends engine 
coolant temperature information to electronic control 
module. 

TORQUE CONVERTER CLUTCH DIAGNOSIS 
To properly diagnose the torque converter clutch 

(TCC) system, perform all electrical testing first and 
then the hydraulic testing. Refer to DRIVEABILITY 
AND EMISSIONS-FUEL INJECTION (TBl) (SEC. 
6E2) or DRIVEABILITY AND EMISSIONS-FUEL 
INJECTION (PORT) (SEC. 6E3) for additional 
torque converter clutch information. 

ON-VEHICLE SERVICE 
SHIFT CONTROL CABLE 
Figure 5 

J+-♦I Remove or Disconnect 

1. Negative (-) battery cable. 
• Raise and suitably support vehicle. Refer to 

GENERAL INFORMATION (SEC. 0A). 
2. Cable attachments at transmission (801, 802 and 

803). 
• Lower vehicle. 
3. Console. Refer to INSTRUMENT PANEL, 

CLUSTER AND CONSOLE (SEC. SC). 
4. Cable (806) at the control lever and base. 
5. · Cable (806) from the floor. 

1-♦+J Install or Connect 

1. Cable (806) to the floor. 
2. Cable (806) at base and the shift lever. 
3. Console. Refer to INSTRUMENT PANEL, 

CLUSTER AND CONSOLE (SEC. SC). 
• Place control lever in "NEUTRAL". 
• Raise vehicle. 

NOTICE: See 'Notice• on page 7B-1 of this 
section. 

4. Cable attachments at transmission (801, 802 and 
803). 

[lJ Adjust 

• Shift control cable (806). 

- Loosen cable attachment at shift lever. 

- Rotate shift lever clockwise to 
"PARK.• detent and then back to 
"NEUTRAL". 

~ Tighten 

• Cable attaching nut (802) to 15 N ·m 
(11 lb. ft.). 

• Lever must be held out of "PARK" 
when tightening nut (802). 

• Lower vehicle. 
• Check cable adjustment by rotating control lever 

through the detents. 

FLOORSHIFT CONTROL 

Figure 6 

E3 Remove or Disconnect 

1. Negative(-) battery cable. 

2. Console. Refer to INSTRUMENT PANEL, 
CLUSTER AND CONSOLE (SEC. SC). 

3. Cable (806) at the shift control lever and base. 

4. Park-Neutral-Backup lamp switch. 

5. Floorshift control bolts (808). 

E3 Install or Connect 

1. Floorshift control bolts (808). 

!~I Tighten 

• Bolts (808) to 5 N ·m (44 lb. in.). 
2. Park-Neutral-Backup Lamp_Switch. 

!~I Tighten 
• Bolts to 2 N·m (18 lb. in.). 

l,!'I Adjust 

• Switch. Refer to "Park-Neutral-Backup 
Lamp Switch" in this section. 

3. Cable (806) at the base and the shift control lever. 

~ Adjust 
• Shift control cable (806). Refer to "Shift 

Control Cable" in this section. 

4. Console. Refer to INSTRUMENT PANEL, 
CLUSTER AND CONSOLE (SEC. SC). 

5. Negative(-) battery cable. 
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Figure 5 • Shift Control Cable Assembly 
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Figure 6 - Floorshift Control 

PARK/LOCK CONTROL CABLE 
Figure 7 

l+-+I Remove or Disconnect 

1. Negative(-) battery cable. 
• Place transmission shift control lever m 

"PARK". 
• Turn ignition key to "RUN" position. 

- Oo not attempt to proceed to step 2 with 
key in any other position. 

2. Cable (812) from i.nlubitor by slipping a 
screwdriver blade into the slot provided in the 
ignition switch inhibitor and depresmng the cable 
latch. 

• Push cable connector lock button (815) at the 
shifter base to the "UPu position. 

3. Snap cable (812) from the park.lock lever pin. 
4. Cable connector latches by depressing and 

removing from shifter base. 
5. Cable clips (813). 

E3 Install or Connect 

1. Snap cable (812) into shifter base, make sure that 
the cable lock button (815) is in the "UP" position 
and the shift lever is in the •p ARK• position. 

2. Snap cable (812) into inhibitor housing, make 
sure that the ignition key is in the "RUN" 
position. 

- Do not attempt to insert cable with 
key in any other position. 
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• Turn ignition key to "LOCK" position. 
3. Snap cable (812) end onto shifter park/lock lever 

pin. 
• Push cable connector hose forward to remove 

slack. 
• With no load applied to the connector hose, snap 

cable connector lock button (815) down. 

IL•I Inspect 

• Functional operation. 
1. With the shift lever in "PARK" and the key 

in "LOCK" position, make sure that you 
cannot move the shifter lever to another 
position. Ignition key should be removable 
from column. 

2. With the key in "RUN" and the shift lever 
in "NEUTRAL", make sure that you 
cannot turn the key to "LOCK". 

3. If the above conditions are met, the system 
is properly adjusted. Proceed to step 5. 

4. If the above conditions are not met, put 
cable connector lock back to the "'UP" 
position and readjust as indicated in steps 5 
and 6 above, then push cable connector lock 
button dow:n and recheck operation. 

5. If key cannot be removed in "PARK" 
position, snap connector lock button to 
"UP" position and move cable connector 
nose rearward until key can be removed 
from ignition. 

6. Snap lock button down. 
7. Reinstall cable into clips to provide correct 

routing. 

~ PARK LOCK CABLE 

B CLIP #,:,, 
B NUT 

~ LOCK SUTTON 

B STEERING COLUMN 

PARK-NEUTRAL-BACKUP LAMP SWITCH 
Figure 8 

a Remove or Disconnect 

1. Negative(·) battery cable. 
2. Console. Refer to INSTRUMENT PANEL, 

CLUSTER AND CONSOLE (SEC. 8C). 
3. Mounting bolts (819). 
4. Switch (817). 

Switch Adjustment Using Old Switch 

E] Install or Co~nect 

• Place shift control lever in "NEUTRAL". 
1. Carrier tang on switch (817) with tang slot on 

shift control. · 
2. Mounting bolts (819) to case, loosely. 
• Rotate switch (817) to align service adjustment 

hole with carrier tang hole. 
3. Gage pin (820) 2.34 mm (3/32 inch) into service 

adjustment hole and rotate switch (817) until 
gage pin (820) drops to a depth of 15 mm (19/32 
inch). 

l~I Tighten 

• Mounting bolts (819) to 2 N · m (18 lb. in.). 
4. Console. Refer to INSTRUMENT PANEL , 

CLUSTER AND CONSOLE (SEC. 8C). 
5. Negative(-) battery cable. 

[I] Important 

- After switch adjustment, verify that engine will 
only start in "PARK" or "NEUTRAL". If 
engine will start in any other position readjust the 
switch. 

KC0004-7A,f.RP 

Figure 7 - Park/Lock Control Cable 



Switch Adjustment Using New Switch 

E3 Install or Connect 

• Place shift control lever in •NEUTRAL". 
1. Carrier tang located on switch into slot on shifter. 
2. Mounting bolts (819). 

l~I Tighten 
• Bolts (819) to 2 N·m (18 lb. in.). rn Important 

- If bolt holes do not align with shift control 
verify shift lever is in •NEUTRAL" 
position. Do not rotate switch. Switch is 
pinned in the "NEUTRAL"' position. If 
switch has been rotated and the pin is 
broken the switch can be adjusted using the 
"Switch Adjustment Using Old Switch• 
procedure. 

3. Console. Refer to INSTRUMENT PANEL, 
CLUSTER AND CONSOLE (SEC. SC). 

4. Negative(-) battery cable. 

~ SWITCH ~ NEUTRAL NOTCH 

~ CARRIERTANG ~ PARKNOTCH 

~ BOLTS ~ TANGSLOT 

~.GAGEPIN ~ DETENT PLATE 

~ SHIFT CONTROL LEVER 

KCOOll-7 A-F-RP 

Figure 8 - Park-Neutral-Backup Lamp Switch 

TV CABLE ·svsTEM 

Figures 9 through 12 

The TV cable used on the 700-R4 transmission 
controls line pressure, shift points, shift feel, part 
throttle downshifts and detent downshifts. The TV 
cable operates the throttle valve lever and bracket 
assembly in the control valve. 
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The throttle valve lever and bracket assembly 
serves two basic functions: 

To transfer the throttle lever movement to the TV 
plunger in the control valve assembly. This causes 
TV pr~ure and line pressure to increase 
according to engine throttle opening and controls 
part throttle and detent downshifts. 
To prevent the transmission from operating at 
low (idle) pressures, if the TV cal;,le should be 
broken or disconnected. 
- If the cable is properly connected, the TV 

lifter rod will remain in its normal position, 
holding the TV exhaust checkball off its 
seat. 

- If the cable is broken, disconnected or out 
of adjustment, the TV lifter rod will drop 
down to allow the TV exhaust checkball to 
seat. 

IL'l'I Inspect 
• With the transmission pan removed, pull ·down 

on the TV exhaust valve lifter rod and the spring 
should return the rod to its normal up position. 
- If the throttle valve lever and bracket 

assembly or lifter rod binds or sticks so that 
the TV lifter rod cannot lift the exhaust 
checkball off its seat, high line pressures and 
delayed upshifts will result. 

- The TV lifter rod will not function properly 
if bent. 

TV CABLE SYSTEM DIAGNOSIS 
CAUTION: To avoid possible personal 
injury and/or damage to the vehicle, 
the vehicle parking brake must be 
applied at all times during all 
diagnosis procedures. 

f L'l'I Inspect 
• The following conditions possibly are caused by 

the TV cable system: 
- Delayed or harsh upshifts. 
- Early and slipping upshifts. 
- High or low line pr~ure. 
- No upshifts. 
- Chatter on takeoff. 

1-2 shift at full throttle only. 
- No full throttle or part throttle detent 

downshifts. 
- Intermittent second gear starts. 

• The above conditions can be caused by a TV cable 
that is: 
- Improperly adjusted. 
- Kinked or binding. 
- Disconnected. 
- Broken. 
- Wrong part. 

Make sure that the engine fuel, electrical and 
mechaJ)ical systems are performing properly before 
attempting transmission diagnosis. Transmission 
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performance can be affected by a problem existing in 
another system. 

Do not attempt to correct a condition by 
changing the TV cable setting from -its proper 
adjustment. Apparent improvement as a result of 
changing the setting indicates that further diagnosis is 
required to identify the real cause of the condition 
(such as engine performance or control valve). 

Line Pressure Checks 
1. Install oil pressure gage. 
2. Install engine tachometer. 
3. Wann up engine to normal operating 

temperature. 
4. Run engine at 1000 rpm. 
5. Make certain parking brake is applied. 
6. Place gear selector in •p ARK." and note oil 

pressure. 
7. Place gear selector in •DRIVE". Oil pressure 

should be equal to or not more than 69 kPa (10 
psi) higher than in "PARK". 

8. Increase engine speed to 1400 RPM. If oil 
pressure does not ~crease, adjust TV cable. Refer 
to "TV Cable Adjustment"' in this section. 

IL'l'f Inspect 

- TV cable for kinked, binding, disconnected or 
broken condition. 

- TV cable for correct part number. 

Checking Line Pressure Regulation 

IL•l tnspect 
1. Oil pressure gage while manually pulling out the 

full length of the TV cable. Oil pressure should 
increase as cable is pulled out. 
- Do not increase the engine's throttle 

opening while performing this test. 
- If oil pressure does not increase, refer to 

"Inspection of TV System Parts" in this 
section. 

2. Oil pressure gage as the TV cable is returned to 
its original position. Oil pressure should decrease 
smoothly as cable.is returned. 
- If oil pressure does not decrease smoothly 

refer to "Inspection of TV System Parts* in 
this section. 

Checking Lifter and Checkball "Fail-Safe" 
System 
• Run engine. 
1. Disconnect TV cable at throttle linkage. 
2. Read the oil pressure gage. 

- The line pressure should increase to the 
maximum. If line pressure does not 
increase, refer to "Inspection of TV System 
Parts" in this se~tion. 

3. Stop engine for at least 30 seconds before 
continuing. 

4. Connect TV cable at the throttle linkage. 

5. Adjust the TV cable as descn'bed in -"'TV Cable 
Adjustment' in this section. 

6. Repeat line pressure checks in 'PARK' and 
'DRIVE" as described in •Line Pressure 
Checks" in this section. 
- If TV system does not come out of the 

"fail-safe" mode (pressure remains high) 
refer to "Inspection of TV System Parts• in 
this section. 

Inspection of TV System Parts 

IL•) inspect 

• Throttle lever and bracket assembly. Make 
certain: 

TV exhaust lifter rod is not distorted and 
not binding in the control valve assembly or 
spacer plate. 
TV exhaust checkball moves up and down 
as the lifter does. 
Lifter spring holds the lifter rod up against 
the bottom of the control valve assembly. 
TV plunger does not stick at any position of 
travel. 

• Replace or clean parts as necessary. · 

TV CABLE ASSEMBL V 
Figures 9 through 12 

l++I Remove or Disconnect 

1. Air cleaner. 

NOTICE: Do not pry on plastic cable terminal to 
disconnect cable from throttle lever (831). Prying 
on cable terminal may cause breakage of terminal 
or kinking of TV cable (826). Pull cable toward the 
front of the vehicle. 

2. Cable terminal from throttle lever (831) at 
carburetor. 

3. Cable assembly from bracket (83q) by 
compressing locking tangs. 

4. Routing clips or straps, if used. 
• Raise and suitably support vehicle. Refer to 

GENERAL INFORMATION (SEC. 0A). 
5. Bolt (827) and washer securing cable to 

transmission. 
6. Cable from link (829). 

E3 Install or Connect 

1. New seal (828) into transmission case hole. 

NOTICE: See "Notice" on page 7A-l of this 
section. 

2. Transmission end of cable to the transmission 
case with bolt (827) and washer. 

!~! Tighten 
• Bolt (827) to 10 N ·m (89 lb. in). 



• Lower vehicle. 
3. Cable routing clips or straps. 
4. Pass cable through bracket (830) and engage 

locking tangs on bracket (830). 
5. Cable terminal to throttle lever at carburetor. 

IJ>I Adjust 

• TV cable (826) as described in "TV .Cable 
Adjustment• in this section. 

TV CABLE ADJUSTMENT 
Figure 12 

Adjustment of the TV cable must be made by 
rotating the throttle lever at the carburetor or throttle 
body. Do not use the accelerator pedal to rotate the 
throttle lever. 

1. Stop enghie. 
2. Depress and hold down metal re-adjustment tab 

(832) at engine end of TV cable. · 
3. Move slider (834) until it stops against the fitting 

(833). . 
4. Release readjustment tab (832). 
5. Rotate the throttle lever (831) to its •full travel 

position". 
6. The slider (834) must move (ratchet) toward the 

lever when the lever is rotated to its •run travel 
position•. 

ll'l'I Inspect 

• Check that cable moves freely. The cable may 
appear to function properly with the engine 
stopped and cold. Recheck after the engine is hot. 

• Road test the vehicle. 

CHANGING FLUID AND FILTER 
Figures 13 and 14 

E3 Remove or Disconnect 

• Raise arid suitably support vehicle. Refer to 
GENERAL INFORMATION (SEC. OA). 

• Place drain pan under transmission oil pan (73). 
1. Oil pan bolts (74) from the frori.t and sides only. 
• Loosen rear oil pan bolts (74) approximately four 

turns. 

NOTICE: When removing oil pan use caution in 
order not to damage the transmission case or oil 
pan sealing sufaces. 

• Lightly tap oil pan with a rubber mallet or pry to 
· allow fluid to drain. 

IL•I Inspect 

• Fluid color and condition. Refer to Figure 
3 in this section. 

2. Remaining oil pan bolts (74), oil pan (73) and 
gasket (72). 

3. Oil filter (71) and filter seal (70). 
- Filter seal (70) may be stuck in the case. 

TRANSMISSION INFORMATION 7~13 

l5ZI Clean 
· - Transmission case and oil pan gasket surfaces 

with solvent and air dry. All traces of gasket 
material must be removed. 

l++I Install or Connect 

• Coat filter seal (70) with a small amount of 
petrolatum. 

1. New filter seal (70) to the filter (71). 
2. Filter (71) and filter seal (70) into the case. 

NOTICE: See "Notice• on page 7A-l of this 
section. 

3. New oil pan gasket (72), oil pan (73) and oil pan 
bolts (74). 

NOTICE: Oil pan bolt and washer assembly must 
not be reused if the conical washer is reversed. 
Failure to replace the bolt and washer assembly 
may result in improper fastening of system 
components. 

l~I Tighten · 

• Bolts (74) to 11 N·m (97 lb. in.). 
• Lower vehicle. 
• Fill transmission fluid to proper level. 
• Check "COLD" fluid level reading for initial fill. 

Refer to "Transmission Fluid Checking 
Procedure" in this section. 
- Do not overfill. 

ll•I .Inspect 

• Oil pan gasket (72) for leaks. 

OIL COOLER FLUSHING PROCEDURE 
Figures 15 and 18 

Tools Required: 
J 35944 Oil Cooler Flushing Tool 
J 35944-20 Oil Cooler Flushing Solution 

NOTICE: The oil cooler flushing procedure must 
be performed whenever a transmission is removed 
for service to remove existing oil which may be 
contaminated and to prevent contamination of 
new oil. The flushing procedure must be 
performed after installation of the overhauled or 
replacement assembly. 

NOTICE: Flushing tool is designed for use with 
only J 35944-20 flushing solution. Use of any other 
solution can result in damage to the tool, cooler 
components, or improper flushing of the cooler. 

1. Remove fill cap on J 35944 and fill with 0.6 liters 
(20-21 ounces) of J 35944-20 flushing solution. 
• Do not overfill tool. 
• Follow manufacturer's suggested 

procedures for handling the solution. 
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Figure 9 - TV Cable VIN E 

2. Replace cap on J 35944 and pressurize to 550-700 
kPa (80-100 psi). 

NOTICE: Shop air supply must be equipped with 
a water/oil filte: an~ressure should not exceed 
825 kPa (120 psi). F ure to use a water/oil filter 
can allow residual moisture to cause corrosion of 
components. Excessive air pressure can cause 
damage to components. 

3. Install J 35944 to the undercarriage of the vehicle 
with the ho_ok provided and attach the hose from 
the flushing tool to the oil cooler pipe that 
attaches to the top fitting at the transmission end 
of the oil cooler. · 

4 . . Install discharge hose to the oil cooler pipe that 
attach~ . to the bottom fitting at the 
trans~1on end of the oil cooler. Clip opposite 
end of dtscharge hose to the oil drain container. 

5. With the water valve· on the tool in the "OFF" 
position attach the water supply.to J 35944. 

6.- Turn water supply on at the faucet. 

7. 

8. 

9. 

10. 

Flush the transmission fluid by opening the water 
valve on the tool to the "ON" position for about 
10 seconds. 
• If water does not flow through the cooler 

(the system is completely plugged), do not 
complete the flushing procedure. Turn 
water off immediately and inspect the oil 
cooler and pipes for restriction. Replace 
cooler and/or pipes as required. 

Turn water valve on tool to the "OFF" position 
and clip the discharge hose to a 5 gallon pail. 
Cover the pail with a shop cloth to prevent splash. 
Turn the water valve on the tool to the "ON" 
position and depress the trigger to mix flushing 
solution into the water flow. 
• Use a bale clip to hold the trigger down. 

Flush oil cooler with water and solution for two 
minutes. 
• Every 15-20 seconds during this flushing 

procedure attach air supply to the air valve 
on J 35944 and leave in place for 3-5 seconds 
to create a surging action for complete 
cleaning. 
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Figure 10 - TV Cable VIN S 

11. Release the trigger and tum the water valve on 
the tool to the "OFF'" position. 

12. Disconnect both hoses from the oil cooler pipes. 
13. Install J 35944 to the oil cooler pipe that attaches 

to the bottom fitting of the oil cooler. 
14. Connect the discharge hose to the oil cooler pipe 

that attaches to the top fitting of the oil cooler. 
• Reversing hoses will create a backflush. 

15. Repeat steps 9 and 10. 
16. Release the trigger and allow water only to rinse 

the oil cooler for one minute. 
17. Turn the water valve on the tool to the "OFF" 

position and turn water supply off at the faucet. 
18. Attach air supply to the air valve on J 35944 and 

dry system out with dry compressed air for at 
least two minutes, Be sure that no moisture can 
be seen leaving the hose. 
• Use an air chuck clip, if available, to secure 

air chuck onto the air valve for ease of 
operation. 

19. Remove J 35944 and discharge hose from oil 
cooler/pipes. 

20. Connect the oil cooler feed pipe to the 
transmission. 

- The feed pipe is the pipe attached to the 
bottom connection at the transmission end 
of the system. 

21. Attach discharge hose to the oil cooler return 
pipe. 

- The return pipe is the pipe attached to the 
top connection at the transmission end of 
the system. 

22. Attach opposite end of discharge hose to the oil 
drain container. 

23. Fill transmission with fluid. 

24. Start engine and run for 30 seconds to remove any 
residual moisture from the cooler. 

IL•! Inspect 
• Fluid flow during the 30 second running 

period. A minimum of 1.8 liters (2 quarts) 
of fluid should flow during this time. 
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Figure 11 - TV Cable VIN F and 8 

• If fluid flow is insufficient, check the flow 
by disconnecting the feed line at the cooler 
and observe the flow with the engine 
running. 

- If fluid flow is insufficient, inspect the 
transmission for possible fluid leak. 

- If fluid flow is sufficient, inspect oil cooler 
pipes and fittings for restriction and repair 
cooler flushing procedure. Replace feed line 
and repeat inspection procedure. If fluid 
flow is still insufficient, replace the cooler. 

25. Disconnect discharge hose. 

26. Connect oil cooler return pipe to fitting. 

ltPI Adjust 

• Transmission fluid level. 

SERVICEABLE COMPONENTS 
SERVO ASSEMBLY 
Figures 17 and 18 

I++) Remove or Disconnect 

Tool Required: 
J 29714-A Servo Cover Depressor 

• Raise and suitably support vehicle. Refer to 
GENERAL INFORMATION (SEC. OA). 

1. Torque arm. Refer to REAR SUSPENSION 
(SEC. 3D). 

2. Propeller shaft. Refer to PROPELLER SHAFf 
(SEC. 4A). 

3. Exhaust hanger. 
- Support transmission. 

4. Transmission support and transmission mount. 
• Lower transmission. 
S. Two transmission oil pan bolts from below the 

servo cover. 
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Figure 12 - TV Cable Adjustment 
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Figure 13 - Oil Pan and Filter 

• Install J 29714-A on the oil pan and reinstall oil 
pan bolts. 

• Depress servo cover ( 15) and remove retaining 
ring (13). 

6. J 29714-A. 
7. Cover (15) and 0-ring seal (14). 

• Seal (14) may be located in the case. 
8. Servo assembly ( 16 through 31 ). 

BOLT AND CONICAL WASHER ASSEMBLY IS REUSABLE 

BOLT AND CONICAL WASHER 
ASSEMBLY IS NOT REUSABLE . 

KC0013-7A-8-RP 

Figure 14 - Oil Pan Bolt and Conical Washer Assembly 

IL•l 1nspect 
• Refer to AUTOMATIC TRANSMISSION 

UNIT REPAIR (SEC. 700-R4) for disassembly 
and inspection procedures. 

E3 Install or Connect 

1. Servo assembly. 
2. 0-ring seal (14) and cover (15). 
3. J 29714-A using two oil pan bolts. 
• Depress servo cover (15). 
4. Retaining ring (13). 
5. Oil pan bolts. 

l~I Tighten 
• Bolts to 20 N·m (15 lb. ft.). 
• Raise transmission. 

6. Transmission support and transmission mount. 

l~I Tighten 
• Transmission support bolts to 54 N • m ( 40 

lb. ft.) . . 
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Figure 16 - Oil Cooler Pipes VIN E, F and 8 



• Transmission mount to transmission support 
nut to 47 N·m (35 lb. ft.). 

• Mount transmission bolts to 54 N • m ( 40 lb. 
ft.). 

• Remove transmission supporting tool. 
7. Exhaust hanger. 
8. Propeller shaft. Refer to PROPELLER SHAFI' 

(SEC. 4A)~ 
9. Torque arm. Refer to REAR SUSPENSION 

(SEC. 3D). 
• Lower vehicle. 

llJ Adjust 

• Transmission fluid level 

~ 2-4 SERVO COVER 
KC0017-7A-IMIP 

Figure 17 - Removing Servo Cover 

SPEEDOMETER DRIVEN GEAR 
Figure 19 

l++I Remove or Disconnect 

• Raise and suitably support vehicle. Refer to 
GENERAL INFORMATION (SEC .. OA). 

1. Speedometer cable from transmission. 
2 . . Retainer bolt and washer assembly (41), and 

retainer ( 40). 
3. Speedometer driven gear fitting assembly ( 43), 

speedometer driven gear (44) and O-ring seal 
(42). 

IL•l tnspect 

• Refer to AUTOMATIC TRANSMISSION 
UNIT REP AIR (SEC. 700-R4) for disassembly 
and inspection procedures. a Install or Connect 

1. New O-ring seal (42), speedometer driven gear 
(44), and speedometer driven gear fittings 
assembly ( 43). 

2. Retainer ( 40) and bolt and washer assembly ( 41 ). 
3. Speedometer cable to transmission. 
• Lower vehicle. 

TRANSMISSION INFORMATION 7A-19 

13 

17 

24 

A 

ILL. 
NO. DESCRIPTION 

· A CASE SERVO BORE 
13 RING, SERVO COVER RETAINING 
14 SEAL, "O" RING (2-4 SERVO COVER) 
15 COVER, 2-4 SERVO 
16 PISTON, 4TH APPLY 
17 RING, OIL SEAL (4TH APPLY PISTON) 

(OUTER) 
18-30 2ND APPLY PISTON ASSEMBLY 

21 SEAL, "O" RING 
24 RING, OIL SEAL (2ND APPLY PISTON) 

(OUTER) 
31 SPRING, SERVO RETURN 

JHOO 7°70 

Figure 18 - Servo Assembly Removal 
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IJ>I Adjust 

• Transmission fluid level. 

SPEEDOMETER DRIVE GEAR 
Figure 19 

l++I Remove or Disconnect 

1. Speedometer driven gear (44) as described in 
"Speedometer Driven Gear• in this section. 

2. Torque arm. Refer to REAR SUPSENSION 
(SEC. 3D). 

3. Propeller shaft. Refer to PROPELLER SHAFf 
(SEC. 4A). 

4. Exhaust hanger. 
5. Extension housing bolts (37). 
6. Extension housing (36). 
7. Speedometer drive gear (689) and retaining clip 

(688). 
8. Shaft sleeve (690) and seal (691), if equipped. 

IL•I Inspect 
• Refer to AUTOMATiC TRANSMISSION 

UNIT REPAIR (SEC. 700~R4) for disassembly 
and inspection procedures. 

l++I Install or-Connect 

1. Speedometer drive gear (689) and retaining clip 
(688). 

2. Shaft sleeve ( 690) and seal ( 691 ), if removed. 
3. Extension housing (36) and bolts (37). 
4. Exhaust hanger. 
5. Propeller shaft. Refer to PROPELLER SHAFf 

(SEC. 4A). 
6. Torque arm. Refer to REAR SUSPENSION 

(SEC. 3D). 
7. Speedometer driven gear (44) as described in 

•speedometer Driven Gear• in this section. 

IJ>I Adjust 
• Transmission flutd -level. 

GOVERNOR 
Figure20 

I++! Remove or Disconnect 

• Raise and suitably support vehicle. Refer to 
GENERAL INFORMATION (SEC. OA). 

1. Governor cover ( 46). 
- Tap around the governor cover flange with 

a punch to remove. 
Do not damage the governor cover. 

2. Governor assembly (45). 
• Refer to AUTOMATIC TRANSMISSION 

UNIT REPAIR (SEC. 7()().;R4) for inspection 
and disassembly procedures. 

E3 Install or Connect 

1. Governor assembly (45) into the governor bore. 

ILL. 
NO. 

~ 
46 

DESCRIPTION 
10 CASE. TRANSMISSION 
35 SEAL, CASE EXTENSION TO CASE 
36 EXTENSION, CASE 
37 BOLT, CASE EXTENSION TO CASE 

39 

39 SEAL ASSEMBLY;CASE EXTENSION OIL 
40 RETAINER, SPEEDO DRIVEN GEAR FITTING 
41 BOLT & WASHER ASSEMBLY 
42 SEAL. "O" RING ISPEEDO FITTING TO 

CASE EXTENSION) 
43 FITTING ASSEMBLY, SPEEDO DRIVEN GEAR 
44 GEAR, SPEEDO DRIVEN 
45 GOVERNOR ASSEMBLY 
46 COVER, GOVERNOR 

687 SHAFT, OUTPUT 
688 CLIP, SPEEDO DRIVE GEAR 
689 GEAR, SPEEDO DRIVE 
690 SLEEVE. OUTPUT SHAFT ] NOT USED ON 
691 SEAL, OUTPUT SHAFT ALL MODELS 

KH0203-700R4 

Figure 19 - Speedometer Gear Assemblies 

2. Governor cover (46). 
• Apply sealant, such as Loctite Cup Plug 

Sealant II, or equivalent, to cover flange 
before installing the governor cover ( 46). 

• Lower vehicle. 

llJ Adjust 

• Transmission fluid level. 

A APPLY SEALANT ON THIS FLANGE BEFORE 
INSTALLATION 

10 CASE. TRANSMISSION 
45 GOVERNOR ASSEMBLY 
46 COVER.GOVERNOR 

JH0115 OOR4 

Figure 20 - Governor Cover Assembly 



FILLER TUBE 
Figure 21 

EJ Remove or Disconnect 

1. Fluid level indicator (837). 
• Raise and · suitably support vehicle. Refer to 

GENERAL INFORMATION (SEC. OA). 
2. Bolt (835) retaining filler tube to transmission. 
• Loosen filler tube (836) from transmission. 
• Lower vehicle. 
3. Filler tube (836) from the vehicle by pulling out 

from the top. a Install or Connect 

1. Filler tube (836) through the top of the vehicle. 
• Raise and suitably support vehicle. Refer to 

GENERAL INFORMATION (SEC. OA). 
2. Filler tube seal (901) into the· transmission case 

hole. 
3. Filler tube (836) to transmission. 

NOTICE: See "Notice" on page 7A-l of this 
section. 

4. Filler tube bolt (835) to transmission. 

l~I Tighten 

• Bolt (849) on VS to 47 N·m (35 lb. ft.). 
• Bolt (835) on V6 to 75 N·m (55 lb. ft.). 

• Lower vehicle. 
5. Fluid level indicator (837). 

PRESSURE REGULATOR VALVE 
Figurs22 

EJ Remove or Disconnect 

• Raise and suitably support vehicle. Refer to 
GENERAL INFORMATION (SEC. OA). 

• Drain transmission oil pan. 
1. Oil pan bolts and oil pan. 
• . Compress pressure regulator valve assembly with 

a small screwdriver. 
2. Pressure regulator snap ring (224). 
• Slowly release spring tension. 
3. Pressure regulator valve assembly (218 through 

223). 

IL'l'I Inspect 

• Refer to AUTOMATIC TRANSMISSION 
UNIT REPAIR (SEC. 700-4R) for inspection 
and disassembly procedures. 

E3 Install or Connect 

1. Pressure regulator valve (218) into bore. 
2. Pressure regulator spring (219). 
3. Reverse boost valve (220) into bushing/sleeve 

(221). 
- Small end first, retain with petrolatum. 

TRANSMISSION INFORMATION 7A-21 
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Figure 21 - Filler Tube and Indicator 

4. Reverse boost valve bushing/sleeve (221) into 
bore. 

5. TV boost valve (222) into TV boost valve bushing 
(223). 

- Long land of the valve into the large hole of 
the bushing, retain with petrolatum. 

6. TV boost valve bushing (223) into bore. 

7. Snap ring (224). 

ACCUMULATOR ASSEMBLY 

Figure 23 

l+-+f ~emove or Disconnect 

• Raise and suitably support vehicle. Refer to 
GENERAL INFORMATION (SEC. OA). 

1. Oil pan and filter. Refer to ,. Changing Fluid and 
Filter" in this section. 

2. Bolts (63) attaching accumulator cover to valve 
body. 

3. Accumulator cover and pin assembly (62). 

4. The 1-2 accumulator piston (61), oil seal ring 
(60), and conical spring (59). 

5. Spacer plate (56) and gaskets (88 and 89). 

6. The 3-4 accumulator spring (54) and oil seal ring 
(53). 

7. The 3-4 accumulator piston (52) and piston pin 
(77). 
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Figure 22 - Pressure Regulator Assembly 

Jl'l'I Inspect 

• Refer to AUTOMATIC TRANSMISSION 
UNIT REPAIR (SEC. 700-R4) for disassembly 
and inspection procedures. 

l++I Install or Connect 

1. Piston pin (77) and 3-4 accumulator piston (52). 
2. Oil seal ring (53) and the 3-4 accumulator piston 

spring (54). 
3. Spacer plate (56) and gaskets (88 and 89). 
4. Conical spring (59), oil seal ring (60), and 1-2 

accumulator piston (61). 
5. Accumulator cover and pin assembly (62). 
6. Bolts (63) attaching cover to valve body. 
7. Oil pan and filter. Refer to "Changing Fluid and · 

Filter" in this section. 
• Lower vehicle. 

IJ>I Adjust 
• Transmission fluid level. 

AUXILIARY VALVE, BODY 
Figure24 

l++I Remove or Disconnect 

1. Negative (-) battery cable. 
• Raise and suitably support vehicle. Refer . to 

GENERAL INFORMATION (SEC. OA). 
• · Place drain pan under transmission oil pan. 
2. Oil pan bolts from front and sides only. 
• Loosen rear bolts approximately 4 turns. 

NOTICE: Use caution when removing oil pan 
bolts to prevent damage to the transmission case 
or oil pan sealing surfaces. 

• Lightly tap oil pan with a rubber mallet or pry to 
allow fluid to drain. 

3. Remaining oil pan bolts, oil pan and gasket. 

89 

61--(i, 

60-0 

~~56 
' ' ? 0 !> 8 

0 

: 54 

LARGE END~ 
INSTALLED -59~-
IN PISTON ! 77 

ILL. 
NO. DESCRIPTION 
52 PISTON, 3-4 ACCUMULATOR 
53 RING, OIL SEAL (3-4 ACCUMULATOR PISTON) 
54 SPRING, 3-4 ACCUMULATOR . 
56 PLATE, VALVE BODY SPAC.ER 
59 SPRING, 1-2 ACCUMULATOR (CONICAL) 
60 RING, OIL SEAL (1-2 ACCUM. PISTON) 
61 PISTON, 1-2 ACCUMULATOR 
62 COVER & PIN ASSEMBLY, 1-2 ACCUM. 
63 BOLT, ACCUMULATOR COVER 
77 PIN, ACCUMULATOR PISTON 
88 GASKET, SPACER PLATE TO CASE 
89 GASKET, SPACER PLATE TO VALVE BODY 

JH0063-700R4 

Figure 23 - Accumulator Assembly 

4. Oil filter and filter seal. 

5. Tube clamp (97) and tube (96). 

6. Bolts (374, 375 and 376) auxiliary valve body 
(377), and checkball. 

!L•! Inspect 
• Refer to AUTOMATIC TRANSMISSION 

UNIT REP AIR (SEC. 700-R4) for disassembly 
and inspection procedures. 



E3 ·Install or Connect 

1. Checkball, auxiliary valve body (3 77), and bolts 
(374, 375 and 376). 

2. Tube (96) and tube clamp (97). 
3. Oil filter and filter seal. 
4. Oil pan gasket, oil pan bolts. 

l~I Tighten 

• Oil pan bolts to 11 N·m (97 lb. in.). 
• Lower vehicle. 
5. Negative(-) battery cable. 

~ Adjust 

• Transmission fluid level. 

ILL. 
NO. DESCRIPTION 

A WASHER, WIRE RETAINING 
33 CONNECTOR, ELECTRICAL 
96 TUBE, AUXILIARY ACCUMULATOR VALVE 
97 CLAMP, AUXILIARY TUBE 

374 BOLT, SPECIAL HEX HEAD IM6 X 1 X 161 
375 BOLT~ HEX HEAD IM6 X 1 X 35) 
376 BOLT, HEX HEAD (M6 X 1 X 45) 
377 AUXILIARY ACCUM. VALVE BODY ASM. 
710 BRACKET, PARKING LOCK 
715 BOLT, PARKING LOCK BRACKET 

JH0067-700R4 

Figure 24 - Removing Auxiliary Valve Body Assembly 

CONTROL VALVE ASSEMBLY 
Figures 23 and 25 through 30 

l+-+I Remove or Disconnect 

1. Negative (-) battery cable. 
2. TV cable at throttle lever. 
• Raise and suitably support vehicle. Refer to 

GENERAL INFORMATION (SEC. OA). 
• Place drain pan under transmission oil pan. 
3. Oil pan bolts (74) from front and sides. 
• Loosen rear oil pan bolts approximately 4 turns. 

NOTICE: Use caution when removing oil pan 
bolts to pre-vent damage to the transmission case 
or oil pan sealing surfaces. 
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• Allow fluid to drain from transmission ·pan by 
lightly tapping or prying the oil pan. . 

4. Remaining oil pan bolts (74), oil pan (73), and 
gasket (72). 

5. Oil filter (71) and filter seal (70). 
- Seal (70) may be stuck in the case. 

6. Electrical connector (33). Refer to 
AUTOMATIC TRANSMISSION 
DIAGNOSIS (SEC. 700-R4) for specific model 
applications. 

7. Solenoid bolts (51), solenoid assembly (SO), 
O-ring seal (49) and wiring harness. 

8. Accumulator cover bolts (63), accumulator cover 
and pin assembly (62). 

9 . . 1-2 accumulator piston (61), seal ring (60) and 
spring (59). 

10. Manual valve link (705). 
11. Bolt and manual detent spring assembly (709). 
12. Electrical wire clips and tube clamps. 
13. Auxiliary valve tube (96). 
14. Wiring harness, retaining washer filter, filter 

retainer clips .. 
15. Bolts (69), TV lever and bracket assembly (65). 
16. TV link (64). 
17. Remaining valve body bolts (69). 
18. Control valve assembly (67). 
19. Bolts (374, 375 and 376), auxiliary valve body 

(377), and checkball (55 B). 
20. Spacer plate (56) and spacer plate gaskets (88 and 

89). 
21. Checkballs (SSA, SSC and 91). 

- Three checkballs are located in the valve 
body, one in the auxiliary valve body, and 
four in the case. 

22. 3-4 accumulator spring (54), seal ring (53) and 
piston (52). 

~ -Clean 

• Oil pan and case. 
• Valve body components. 

ll•l 1nspect 

• Refer to AUTOMATIC TRANSMISSION 
UNIT REP AIR (SEC. 700-R4) for disassembly 
and inspection procedures. 

E3 Install or Connect 

NOTICE: See "Notice" on page 7A-1 of this 
section for steps 5 and 16. 

1. 3-4 accumulator spring (54), seal ring (53) and 
piston (52). 

2. Checkballs (SSA, SSC and 91) into the valve 
body. 

3. Checkball (55B) into auxiliary valve body. 
4. Auxiliary valve body (377) and bolts (374, 375 

and 376). 
5. Control valve assembly (67), spacer plate (56), 

spacer plate gaskets (88 and 89), and valve body 
bolts (69). 
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l~I Tighten _ 
• Bolts (69) to 11 N ·m (97 lb. in.). 

6. TV lever and bracket assembly (65) and TV link 
(64). . . 

7. Wiring harness, retainer washer and · filter 
retainer clips. 

8. Auxiliary . valve tube. 
9. Electrical wire clips and tube clamps. 

10. Manual detent spring assembly (709) and manual 
valve link (705). 

11. 1-2 accumulator piston (61), seal ring (60), and 
spring (59). · 

12. Accumulator cover and pin assembly (62) and 
accumulator cover bolts (63). 

13. Solenoid assembly (50), O-ring seal (49), solenoid 
bolts (51) and wiring harness. 

14. Electrical connections. 
15. Oil filter (71) and new filter seal (70). 

Coat new seal with petrolatum. 
16. New gasket (72), oil pan (73), and oil pan bolts 

(74). 

I~! Tighten 

• Bolts (74) to 11 N·m (97 lb. in.). 
17. TV cable to throttle lever. 
18. Negative(-) battery cable. 
• Lower vehicle. 

~ Adjust 

• Transmission fluid. 
• TV cable. 
• Shift linkage. 

REAR OIL SEAL 

l+-+I Remove or Disconnect 

I. Propeller shaft. Refer to PROPELLER SHAFT 
(SEC. 4A). 

2. Lip oil seal, pry out with a suitable tool. 

E3 Install or Connect 

. Tool Required:· 
J 21426 Seal Installer 

1. New lip oil seal, coat outer casing with a 
non-hardening sealer and tap into place with J 
21426. 

2. Propeller shaft. Refer to PROPELLER SHAFT 
(SEC. 4A). 

IL*I Inspect 
• Transmission fluid level. 

OIL COOLER PIPES 
Figures 15 and 16 

If replacement of transmission oil cooler pipes is 
required, use only double wrapped and brazed steel 
tubing meeting GM specification 123 Mor equivalent. 
Tubing should be double flared. 
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. 50 

51~ 
88 

56 

89 

72 

ILL. 
NO. DESCRIPTION 

10 CASE, TRANSMISSION . 
33 CONNECTOR, ELECTRICAL 
34 SEAL, "O'" RING !ELECTRICAL CONNECTION) 
49 SEAL, '"O'" RING (SOLENOID) 
50 SOLENOID ASSEMBLY 
51 BOLT, HEX WASHER HEAD (SOLENOID) 
56 PLATE, VALVE BODY SPACER 
67 VALVE ASSEMBLY, CONTROL BODY 
70 SEAL, FILTER 
71 FILTER ASSEMBLY, TRANSMISSION OIL 
72 GASKET, TRANSMISSION OIL PAN 
73 PAN, TRANSMISSION OIL 
74 SCREW, SPEC. HEX WASHER HEAD (PAN) 
88 GASKET, SPACER PLATE TO CASE 
89 GASKET, SPACER PLATE TO VALVE BODY 
93 MAGNET, CHIP COLLECTOR 
96 TUBE, AUXILIARY ACCUMULATOR VALVE 

377 AUXILIARY ACCUMULATOR VALVE BODY ASSEMBLY 

KH0204-700R4 

Figur-e 25 - Transmission Case and Attaching Parts 



340 
703 
705 
709 

Q) 

r I "' MANUAL VALVE 

709 

INNER DETENT LEVER 
MANUAL VALVE LINK 
MANUAL DETENT 
SPRING ASSEMBLY 

J 066-700 4 

Figure 26 - Manual Detent Spring Assembly 

64 LINK, THROTT.LE LEVER TO CABLE 
65 LEVER & BRACKET ASSEMBLY, THROTTLE 
69 BOLTS, CONTROL VALVE . 

ASSEMBLY 
JH Ollli-700R4 

Figure 27 - TV Lever and Bracket Assembly 

NOTICE: Allow sufficient clearance to cooler 
pipes to prevent damage or wear which may cause 
fluid loss. 

l+-+I Remove or Disconnect 

1. Connectors at transmission. 
2. Connectors at radiator. 
3. Engine clamp. 
4. Oil cooler pipes. 

E3-Install or Connect 

NOTICE: See "Notice" on page 7A-l of this 
section for steps 3 and 4. 

1. Engine clamp. 
2. Oil cooler pipes to engine clamp. 
3. Connectors at radiator. 

l~I Tighten 
• Nuts to 27 N·m (20 lb. ft.). 
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97 
,-~'-.,'All:l._-n;"" 

... ,cn,.._.-37e 

51 

50 

A WASHER WIRE RETAINER 
50 SOLENOID ASSEMBLY 
51 BOLT. HEX WASHER HEAD (SOLENOID) 
63 BOLT, ACCUMULATOR COVER 
66 CLIP, ELECTRICAL WIRE 
69 BOLT, VALVE BODY 
75 BOLT. MANUAL DETENT SPRING 
92 CONDUIT, SOLENOID WIRE 
97 CLAMP, AUXILrARY TUBE 

374 BOLT, SPEC. HEX WASHER HEAD 
(M6 X 1 X 181 

375 BOLT, HEX HEAD IM6 X 1 X 35) 
376 BOLT, HEX HEAD (M6 X 1 X 45) 

Figure 28 - Valve Body Bolt Locations 

J 8-700R 

Figure 29 - Valve Body Checkballs 
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0 

0 

ILL. 
NO. DESCRIPTION 

4 7 A GOVERNOR FILTER LOCATION 
478 CONVERTER CLUTCH FILTER LOCATION 
55E #4 CHECK BAU (3-4 CLUTCH/3-2 EX.I 
55F 18 CHECK BALL {2ND/1·2I 
55G #1 CHECK BALL (4TH ACCUMULATOR) 
55H #3 CHECK BALL (PART THROTTLE/DRIVE 31 
106 RETAINER & BALL ASM, (DOUBLE ORIFICE) 

JH0069-700Ro4-R1 

Figure 30 - Case Checkballs and Filter 

4. Connectors at transmission. 

l~I Tighten 

• Nuts to 20 N ·m (15 lb. ft.). 

TRANSMISSION ASSEMBLY REMOVAL AND 
INSTALLATION 
Figures 31 through 35 

A pressure test should be performed before 
transmission removal . to aid in diagnosis. 

NOTICE: Transm1Ssion oil cooler flushing must 
be performed when a transmission is removed for 
service. The fl'Ul>hing procedure should be 
performed after the installation of the overhauled 
or replacement assembly. Failure to flush the 
system may cause damage to the system and its 
components. 

l+-+I .. Remove or Disconnect 

Tool Requir~: 
J 21366 Torque Converter Holding Fixture 

1. Negative(-) battery cable. 
2. Air cleaner, if necessary. 
3. TV cable at throttle lever. 
4. Transmission fluid indicator, bolt retaining filler 

tube to transmission and filler tube. 
• Raise and suitably support vehicle. Refer to 

GENERAL INFORMATION (SEC. OA). 

5. Torque arm. Refer to · REAR SUSPENSION 
(SEC. 3D). 

6. Propeller shaft. Refer to PROPELLER SHAY. 
(SEC. 4A) for removal. 

7. Speedometer cable at the transmission. 
8. Shift linkage at the transmission. · · 
9. Electrical leads at the transmission and any clips 

that retain leads to the transmission case. 
10. Bolts (840) and converter cover (839). 
• Mark position of flywheel to converter to aid in 

reassembly. 
11. Converter to flywheel bolts (842). 
12. Catalytic converter support bracket. 
13. Transmission mount to support bolt (852). 
14. Transmission support to frame bolts (854) and 

insulators (845) if used. 
• Support and raise transmission slightly 

using a transmission jack. 
• Slide transmission support (850) rearward. 

• Lower transmission to gain access to the oil 
cooler pipes and TV cable attachments. 

15. Oil cooler pipes. 
- Cap all openings. 

16. TV cable. 
• Support engine with a suitable tool 

17. Transmission to engine bolts (843). 
• Attach J 21366 to converter (1). 

18. Transmission assembly, being careful not to 
damage any cables, pipes or linkage. 

~ Clean 
• Transmission oil cooler and oil cooler pipes must 

be flushed when the transmission has been 
removed for overhaul or replacement of the 
torque converter, pump, or case. Refer to "Oil 
Cooler Flushing Procedure" in this section. a Install or Connect 

NOTICE: See "Notice" on page 7A-l of this 
section for steps 1, 4, 5, 6 and 9. 

• . Raise transmission into place. 
• Remove J 21366. 
1. Transmission to engine bolts (843). 

l~I Tighten 
• Bolts (843) to 47 N ·m (35 lb. ft.). 

2. Oil cooler pipes. 
3. TV cable. 
4. Transmission support to crossmember bolts 

(854). 

l~I Tighten 
• Bolts (854) to 54 N ·m (40 lb. ft.). 

5. Transmission support to transmission mount nut 
(852). 

I~! Tighten 

• Nut (852) to 47 N·m (35 lb. ft.). 
• Remove transmission jack. 



6. Converter to flywheel bolts (842). 
- Observe marks made during disassembly 

and align in original position. 
Make sure weld nuts on the converter are 
flush with the flywheel. 
Test converter for freedom of rotation. 
Finger tighten the three bolts (842), then 
tighten to specification. 

l~I Tighten 

• · Bolts (857) to 62 N ·m (46 lb. ft.). 
Re-tighten the first bolt which was 
tightened to specification. 

7. Catalytic converter support bracket. 
8. Converter cover (839) and bolts (840). 

!~I Tighten 

• Bolts (840) to 10 N·m (89 lb. in.). 
9. Shift linkage. 

10. Speedometer cable. 
11. Electrical leads and retaining clips. 
12. Propeller shaft. Refer to PROPELLER SHAFT 

(SEC. 4A). 
13. Torque arm. Refer to REAR SUSPENSION 

(SEC. 3D). 
• Lower vehicle. 

14. Fluid filler tube and new seal. 
15. Bolt retaining filler tube to transmission. 
16. Fluid indicator. 
17. TV cable at throttle lever. 
18. Air cleaner, if necessary. 
19. Negative(-) battery cable. 

l~I Adjust 

• Shift linkage. 
• TV cable. 
• Transmission fluid level. 
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l ,., 

- ' 
~' s. .... 

~:=!L::':!f<"''-~-1 

TRANSMISSION 

COVER 

BOLTS 
KC0023-7A.f..RP 

Figure 31 - Converter Cover 

CONVERTER ASSEMBLY 

FLYWHEEL 

BOLT 

KC0024-7A-F-RP 

Figure 3 2 - Converter to Flywheel 
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,' 

85 
I 

~ 
TRANSMISSION 

TRANSMISSION MOUNT ASSEMBLY 

BOLT 

TRANSMISSION SUPPORT 

NUT 

WASHER 

BOLT 

WASHER 

KC0027-7M-RP 

Figure 33 - Transmission Mounting LB9, L98 and L03 

js381 TRANSMISSION 

~ BOLTS 

~ ENGINE 

KC0D2!5-7A-F-IIP 

Figure 35 - Transmission to Engine 

~ TRANSMISSION 

ls4sl INSULATOR 

~ TRANSMISSION MOUNT ASSEMBLY 

§1 NUT 

~ TRANSMISSION SUPPORT 

las,! BOLT 

~ NUT 

~ BOLT 

~ WASHER 
KC002S-7 A-F-RP 

Figure 34 - Transmission Mounting LBS 
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SPECIFICATIONS 

Shift Control Cable Attaching Nut .................................................................. 15 N·m (11 lb. ft.) 
Floorshift Control Attaching Bolts ........................................................... : ........ 5 N·m (44 lb. in.) 
Park-Neutral-Backup Lamp Switch ................................................................... 2 N·m (18 lb. in\) 
Oil Pan Bolts .. . ....... ................. ....... ....... ..... .... .. .......... ....... .... ..... .... .. .......... .... ... 11 N • m (97 lb. in.) 
Transmission Suport to Crossmember Bolts .................................................... 54 N·m (40 lb. ft.)' 
Transmission Mount to Transmission Support ................................................ 47 N·m (35 lb. ft.) 
Transmission Mount to Transmission Bolt ...................................................... 54 N ·m (40 lb. ft.) 
Filler Tube to Transmission Case Bolt - VS .................................................... 47 N ·m (35 lb. ft.) 
Filler Tube to Transmission Case Bolt - V6 .................................................... 75 N·m (55 lb. ft.) 
Valve Body Bolts ......................................... _ ..................................................... 11 N·m (97 lb. in.) 
Transmission to Engine Bolts ........................................................................... 47 N ·m (35 lb. ft.) 
Converter to Flywheel Bolts ............................................................................... 62 Nm (46 lb. ft.) 

Converter Cover Bolts ...................................................................................... 10 N·m (89 lb. in.) 

J 21426 

~.-· ~ J29714•A 

[!] TORQUE CONVERTER HOLDING FIXTURE 

0 SEAL INSTALLER 

G SERVO COVER DEPRESSOR 

0 OIL COOLER FLUSHING TOOL 

0 OIL COOLER FLUSHING SOLUTION 

SPECIAL TOOLS 

J 35944-20 

KC0041· A-B-RP 
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SECTION 78 

.MANUAL TRANSMISSION 
RPO M39, MK6, AND MB1 

The following "Notice" applies to one or more steps in the assembly procedure of components in this portion 
of the manual as indicated at appropriate locations by the terminology: .. NOTICE: See •Notice• on page 7B-1 
of this section.• 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 

CONTENTS 
General Description ............................................. 7B-1 
Diagnosis .............................................................. 7B-1 
On-Vehicle Service ............................................... 7B-3 

Shift Control Lever .......................................... 7B-3 
Transmission Mount ......................................... 7B-3 
Transmission ..................................................... 7B-4 
Extension Housing Oil Seal ............................. 7B-5 
Speedometer Driven Gear ................................ 7B-5 
Checking Fluid Level ....................................... 7B-5 

Unit Repair ........................................................... 7B-6 
Transmission - Disassembly ............................. 7B-6 
Mainshaft - Disassembly .................................. 7B-6 
Drive Gear - Disassembly .............................. 7B-12 
Cleaning and Inspection ................................. 7B-12 

Transmission Case ...................................... 7B-12 
Bearing Rollers and Spacers ...................... 7B-12 

GENERAL DECRIPTION 

The MB7 transmission is the only manual 
transmission available for the V6 engine. The MB9 and 
MK6 transmissions are available for the VS engine. 

Manual transmissions are identified by the 
number of forward gears and the measured distance 
between centerlines of the mainshaft and the 
countergear. 

. The 5-speed 77 mm transmission is a fully 
synchronized unit with blocker ring synchronizers and 
a sliding mesh reverse gear. First and second gears have 
three-piece synchronizer rings, consisting of steel inner 
and outer cones and a tapered metal ring that is lined 
on both sides with friction material similar to 
automatic transmission friction plates. The cones are 
independent of the gears and can be replaced 
separately. Third and fourth gear blocker rings are 
more conventional in appearance, but are also lined 
with friction material'. The fifth gear blocker ring is 
brass. 

Gears ···•·············•·····•··········•··········•·····•·•· .... 7B-13 
Front and Rear Bearings ............................ 7B-13 
Synchronizer Blocker Rings ....................... 7B-13 
Third/Fourth Blocker Rings ...................... 7B-13 
First/Second Blocker Rings· ....................... 7B-13 

Sychronizer Keys and Springs ....................... 7B-13 
Extension Housing Oil Seal ........................... 7B-14 
Extension Housing Bushing ........................... 7B-14 
Drive Gear Bearing Retainer Oil Seal ............ 7B-15 
Transmission Cover ........................................ 7B-15 
Front Countershaft Bearing ...................... : .... 7B-16 
Drive Gear - Assembly .................................. 7B-16 
Mainshaft - Assembly ..................................... 7B-17 
Transmission - Assembly ............................... 7B-18 

Specifications .................................... : ................. 7B-20 
Special Tools ....................................................... 7B-22_ 

NOTICE: No lubricant other that Dexron II 
number 1051855 or equivalent should be used in 
this transmission. Other lubricants or additives 
may damage the blocker ring friction material or 
its adhesive. 

The mainshaft and the countershaft are 
supported on tapered roller bearings and must be 
shimmed for proper end play. First through fourth 
speed mainshaft gears ride on caged roller bearings. An 
aluminum transmission case houses the various gears 
and bearings. The gearshift lever assembly is 
floor-mounted and is located on top of the extension 
housing. The shift mechanism does not require 
adjustment and can be serviced independently of the 
transmission. 

DIAGNOSIS 
For diagnosis of the 5-speed 77 mm transmission, 

refer to the diagnosis chart. 
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CONDITION 
Transmission Shifts Hard 

Gear Clash When 
Shifting from One Gear 
to Another 

Noisy Transmission 

Jumps Out of Gear 

POSSIBLE CAUSE 
1. Incorrect clutch 

traveL 
2. Misaligned clutch 

housing bore to 
crankshaft pilot. 

3. Binding shift rail. 

4. Internal bind in 
transmission caused 
by shift forks, 
selector plates, or 
synchronizer assemblies. 

5. Incorrect lubricant. 

1. Incorrect clutch 
travel. 

2. Low lubricant 
level or incorrect 
lubricant. 

3. Worn or damaged 
gearshift components, 
or synchronizer 
assemblies. 

1. Low lubricant 
level or incorrect 
lubricant. 

2. Loose clutch housing
.to-engine, or 
transmission-to-clutch, 
housing bolt.s. 

3. Misaligned clutch 
housing bore to 
crankshaft pilot. 

4. Worn or damaged 
gearshift mechanism, 
transmission gears, or 
bearins components. 

1. Worn offset lever 
plastic insert or 
loose lever. 

2. Worn or damaged 

CORRECTION 
Refer to CLUTCH (SEC. 7C). 

· 2. Check alignment and adjust 
as necessary. 

3. Check for mispositioned 
selector arm roll pin, loose 
cover bolts, worn shift rail 
bore;, worn shift 
rail, distorted oil seal, 
or extension housing not 
aligned with case. Repair 
as necessary. 

4. Remove, disassemble and 
inspect transmission. 
Replace worn or damaged 
components as necessary. 

5. Drain and refill 
transmission. 

1. Refer to CLUTCH (SEC. 7C). 

2. Drain and refill 
transmission. H lubricant 
level was low, check for 
leaks and repair as 
necessary. 

3: Remove, disassemble and 
inspect transmission. 
Replace worn or damaged 
components as necessary. 

1. Drain and refill 
transmission. H lubricant 
level was low, 
check for leaks and 
repair as necessary. 

2. Check and correct bolt 
torque as necessary. 

3. Check alignment and adjust 
as necessary. 

4. Remove, disassemble and 
inspect transmission. 
Replace worn or damaged 
components as necessary. 

1. Remove gearshift lever 
and check for loose 
offset lever or worn 
insert. Repair or replace 
as necessary. 

2. Remove, disassemble and 



Will Not Shift 
into One Gear 

Locked in One Gear, 
Can Not Be Shifted 
Out 

gearshift mechanism, 
shift forks, selector 
plates, interlock 
plate, selector arm, 
shift rail, springs or 
shift cover. 

3. Worn or tapered 
gear teeth, 
worn or damag~ 
synchronizer assemblies, 
excessive end 
play caused by worn 
thrust washers or 
output shaft gears. 

1. Worn, damaged, 
or incorrectly 
assembled gearshift 
selector plates, 
interlock plate, or 
selector arm. 

2. Damaged or worn 
synchronizer sleeves 
or hubs. 

1. Worn or broken 
shift rail(s), bent or 
damaged shifter fork. 

2. Worn gearshift 
lever, incorrectly 
assembled or broken 
shift mechanism in 
cover, worn or damaged 
gear train components. 
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inspect transmission 
cover assembly. Replace 
worn or damaged 
components as necessary. 

3. Remove, disassemble and 
inspect transmission. 
Replace worn or damaged 
components as necessary. 

1. Remove, disassemble, and 
inspect transmission cover. 
assembly. Repair or 
replace . components as 
necessary. 

2. Remove, disassemble, and 
inspect transmission. 
Replace worn or 
damaged components. 

1. Inspect and replace worn 
or damaged parts. 

2. Disassemble transmission. 
Replace damaged 
parts or assemble 
correctly. 

ON-VEHICLE SERVICE 
SHIFT CONTROL LEVER 

2. Shift control lever bolts. 

l~I Tighten 

l+-+I Remove or Disconnect 

1. Console. Refer to INSTRUMENT PANEL, 
CLUSTER AND CONSOLE (SEC. SC). 

2. Shift control lever boot screws. 
3. Shift control lever boot. 
4. Shift control lever bolts. 
5. Shift control lever. 

NOTICE: The upper lever is no longer threaded 
to the lower level. The levers are bonded together. 
Separation of the levers will damage the shifter, 
requiring replacement of the shifter assembly. 

E3 lnstaH or Connect 

NOTICE: See "Notice" on page 7B-l of this 
section for steps 2 and 4. 

1. Shift control lever. 

• Lever bolts to 17 N·m (13 lb ft.). 
3. Shift control lever boot. 
4. Shift control lever boot screws. 

l~I Tighten 
• Screws to 6 N ·m (53 lb. in.). 

5. Console. Refer to INSTRUMENT PANEL, 
CLUSTER AND CONSOLE (SEC. SC). 

TRANSMISSION MOUNT 
Figures 1 and 2 

I +-+I Remove or Disconnect 

1. Negative (-) battery cable. 
• Raise the vehicle and suitably support. Refer to 

GENERAL INFORMATION (SEC. 0A). 
2. Transmission mount-to-support nut(s). 
• Support the transmission with a jack. 
3. Support-to-rail bolts. 
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• Raise the transmission. 
4. Support. 
5. Mount-to-transmission bolts. 
6. Transmission mount. 
7. Shims, if equipped. 

I++! Install or Connect 

NOTICE: See "Notice" on page 7B-1 of this 
section for steps 3, 5 and 6. 

1. Shims, if equipped. 
2. Transmission mount. 
3. Mount-to-transmission bolts. 

l~I Tighten 

• Bolts to 54 N·m (40 lb. ft.). 
• Lower the transmission. 
4. Support. 
5. Support-to-rail bolts. 

l~I Tighten 

• Bolts to 54 N·m (40 lb. ft.). 
• Remove the transmission jack. 
6. Transmission mount-to-support nut(s). 

l~I Tighten 

• Nut(s) to 47 N·m (35 lb. ft.). 
• Lower the vehicle. 
7. Negative(-) battery cable. 

TRANSMISSION 

MOUNT 

SUPPORT 

WASHER 

BOLT 

NUT 

BOLT 

KC0044-711-F-RP 

Figure 1 - Transmission Mount (LBS) 

TRANSMISSION 

Figure 3 

l++I Remove or Disconnect 

Tool Required: 

[iJ TRANSMISSION 

0 MOUNT 

0 BOLT 

0 SUPPORT 

NUT 

WASHER 

BOLT 

KC0045-78-F-RP 

Figure 2 - Transmission Mount (Except LBS) 

J 34162-A Holding Fixture 
1. Negative (-) battery cable. 
2. Shift control lever. Refer to •shift Control 

Lever" in this section. 
• Raise the vehicle and suitably support. Refer to 

GENERAL INFORMATION (SEC. 0A). 
• Drain the transmission. 
3. Torque arm. Refer to REAR SUSPENSION 

(SEC. 3D). 
4. Propeller shaft. Refer to PROPELLER SHAFT 

(SEC. 4A). 
5. Speedometer cable at the transmission. 
6. Backup lamp wiring harness connector. 
7. Catalytic converter hanger nuts and bolt. 
8. Catalytic converter hanger. 
• Support the engine with a suitable jack stand. 
9. Transmission mount nuts at the support. 

10. Support bolts. 
11. Support. 
12. Transmission-to-flywheel housing bolts. 
13. Transmission, with the aid of a helper. 
• Place transmission in J 34162-A. 

NOTICE: Inspection of clutch components 
should be made after transmission removal. If the 
clutch requires repair, refer to CLUTCH (SEC. 
7C) before transmission is reinstalled. 

l++j Install or Connect 

NOTICE: See "Notice" on page 7B-1 of this 
section for steps 2, 4, 5 and 7. 

1. Transmission, with the aid of a helper. 
2. Trarismission-to-flywheel housing bolts. 



l~I Tighten 

• Bolts to 75 N · m (55 lb. ft.). 
3. Support. 
4. Support bolts. 

l~I Tighten 

• Bolts to 54 N·m (40 lb. ft.). 
5. Transmission mount nuts to the support. 

l~I Tighten 

• Nuts to 47 N ·m (35 lb. ft.). 
6. Catalytic converter hanger. 
7. Catalytic converter hanger nuts and bolt. 

l~I Tighten 

• Nuts and bolt to 40 N ·m (30 lb. ft.). 
8. Backup lamp wiring harness connector. 
9. Speedometer cable to the transmission. 

10. Propeller shaft. Refer to PROPELLER SHAFT 
(SEC. 4A). 

11. Torque arm. Refer to REAR SUSPENSION 
(SEC. 3D). 

• Refill the transmission with Dexron II number 
1051855, or equivalent. 

• Lower the vehicle. 
12. Shift control lever. Refer to "Shift Control 

Lever" in this section. 
13. Negative(-) battery cable. 

Figure 3 - Transmission to Engine Attachment 

EXTENSION HOUSING OIL SEAL 
Figure 4 

E3 Remove or Disconnect 

1. Propeller shaft. Refer to PROPELLER SHAFT 
. (SEC. 4A). 

2. Seal, using a screwdriver. 

E3 Install or Connect 

Tool ·Required: 
J 21426 Extension Housing Seal Installer 

1. New seal, using J 21426. 
• Lubricate inside diameter of seal with 

transmission fluid. 

MANUAL TRANSMISSION· 78-5 

2. Propeller shaft. Refer to PROPELLER SHAFT 
(SEC. 4A). 

IL•l tnspect 

• Transmission oil level. 

KC0001-7B-F- P 

Figure 4 - Installing Extension Housing Oil Seal 

SPEEDOMETER DRIVEN GEAR 

l+-+I Remove or Disconnect 

1. Negative (-) battery cable. 
• . Raise the vehicle. 
2. Speedometer cable. 
3. Bolt. 
4. Retainer. 
5. Shaft with the gear. 
6. 0-ring. 

1-++I Install or Connect 

1. New 0-ring. 
• Coat the 0-ring and gear shaft with 

transmission fluid. 
2. Shaft with the gear. 
3. Retainer. 

NOTICE: See "Notice" on page 7B-l of this 
section. 

4. Bolt. 

!~I Tighten 
• Bolt to 10 N·m (89 lb. in.). 

5. Speedometer cable. 
• Lower the vehicle. 
6. Negative(-) battery cable. 

CHECKING FLUID LEVEL 
• Raise the vehicle and suitably support. Refer to 

GENERAL INFORMATION (SEC. OA). 
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~ Clean 

• All dirt and oil from around the fill plug. 
• The fill plug is located on the right side of 

the transmission. 

l++I Remove or Disconnect 

• Fill plug. 
• The fluid level should be even with the bottom of 

the fill plug hole. 
• Use only Dexron II number 1051855, or 

equivalent. 

E) Install or Connect 

NOTICE: See "'Notice" on page 7B-1 of this 
section. 

• Fill plug. 

l~I Tighten 
• Fill plug to 27 N ·m (20 lb. ft.). 

• Lower the vehicle. 

UNIT REPAIR 
TRANSMISSION-DISASSEMBLY 
Figures 5 through 22 

~ Clean 

• Exterior of the transmission assembly thoroughly 
with appropriate solvent. 

Ft3 Disassemble 

Tools Required: 
J 37359 Countershaft Bearing Remover 
J 22912-01 Bearing and Gear Puller 

• Remove drain bolt on transmission case and 
. . drain lubricant. 

NOTICE: Removal of offset lever in position 
other than neutral (centered) may result in driving 
the roll pin into the detent plate without releasing 
lever, making further disassembly extremely 
difficult. 

• Position offset lever in neutral gate (centered). 
1. Roll pin attaching offset lever to shift rail (Figure 

7). 
2. Extension housing-to-transmission case bolts. 

NOTICE: Do ·not attempt to remove the offset 
lever while the extension housing is still bolted in 
place. The lever has a positioning lug engaged in 
the housing detent plate, which prevents moving 
the lever far enough for removal. 

3. Housing and offset lever as an assembly (Figure 
8). 

4. Detent ball and spring from offset lever (Figure 
9). 

5. Roll pin from extension housing or offset lever. 
6. Oiling funnel from rear of countershaft (Figure 

10). 

7. Bolts attaching transmission cover and shift fork 
assembly to case. 
• Two of the transmission cover attaching 

bolts are alignment-type dowel bolts. Note 
the location of these bolts for assembly 
reference. 

8. Cover (Figure 11). 
9. Reverse lever spring clip, pivot bolt and shift 

lever (Figure 12)~ 
10. Backup lamp switch. 
11. Fifth gear synchronizer snap ring and retainer 

from rear of countershaft (Figure 13). 
12. Fifth gear, synchronizer, shift fork and shift rail 

as an assembly. If necessary, rotate rail to 
disengage from reverse lever assembly (Figure 
15). 

13. Snap ring, speedometer gear and retaining clip. 
14. Snap ring from fifth speed driven gear (Figure 

16). 
15. Front bearing retainer bolts. 
16. Front bearing retainer. 
17. Front bearing race and end play shims froni front 

bearing retainer (Figure 17). 
18. Rotate drive gear until flat surface faces 

countershaft and remove drive gear from the 
transmission case. 
• Be careful not to drop the 15 roller bearings, 

thrust bearing, or race from the rear of drive 
gear (Figure 18). 

19. Fourth gear blocker ring from third/fourth 
synchronizer. 

20. Mainshaft rear bearing race. 
• If the race sticks, it is probably misaligned 

in the case bore. To free the race, work the 
shaft back and fourth in the case. 

• · Tilt mainshaft upward and remove assembly 
from transmission case (Figure 19). 

21. Reverse fork assembly from transmission case . 
22. Countershaft retainer and shims (Figure 20). 
23. Roll pin from forward end of reverse idler shaft. 
24. Remove reverse idler shaft, rubber • 0-ring and 

gear from the transmission case (Figure 21 ). 
25. Rear countershaft bearing race. 
26. Countershaft bearing using appropriate pullers 

(Figure 22). 
• Move countershaft assembly rearward, tilt 

countershaft upward and remove from case. 
27. Rear countershaft bearing from shaft using J 

37359 with J 22912-01. 

MAINSHAFT-DISASSEMBL Y 
Figures 23 through 25 

(+t+I Disassemble 

Tool Required: 
J 22912-01 Bearing and Gear Puller 

1. Thrust bearing washer from front end of 
mainshaft. 

• Scribe reference mark on third-fourth 
synchronizer hub and sleeve for reassembly. 



MANUAL TRANSMISSION 78-7 

KC0007-78-F-AP 

F igure 5 • 5-Speed 77 mm Transmission 



78-8 MANUAL TRANSMISSION 

1. COVER, TRANSMISSION 
2. BOLT, ALIGNMENT DOWEL 
3. BOLT 
4. SEAL. O-RING 
5. PLUG, SHIFT RAIL 
6. RAIL, SHIFT 
7. FORK, 3RD AND 4TH SHIFT 
8. ARM. SELECTOR 
9. PLATE, GEAR SELECT INTERLOCK 

10. FORK, 1 ST AND 2ND SHIFT 
11 . INSERT. SHIFT FORK 
12. PLATE, SHIFT FORK 
13. PIN, ROLL - SELECTOR ARM 
14. SHAFT, MAIN WITH ·1ST AND 2ND 

SYNCHRONIZER HUB 
15. SPRING, SYNCHRONIZER 
16. GEAR, REVERSE SLIDING 
17. CONE, INNER - 1ST AND 2ND SYNCHRONIZER 
18. CONE. OUTER - 1ST AND 2ND SYNCHRONIZER 
19. RING, BLOCKER - 1ST AND 2ND SYNCHRONIZER 

20. SLEEVE. 1ST GEAR BEARING 
21. BEARING. 1ST GEAR 
22. GEAR, 1ST SPEED 
23. BEARING, MAINSHAFT REAR 
24. RACE, MAINSHAFT REAR BEARING 
25. GEAR, 5TH SPEED DRIVEN 
26. RING, SNAP 
27. GEAR, SPEEDOMETER DRIVE 
28. CUP, SPEEDOMETER DRIVE GEAR 
29. BEARING, MAIN DRIVE GEAR THRUST 
30. RACE, MAIN DRIVE GEAR THRUST BEARING 
31. RING, BLOCKER - 3RD AND 4TH 

SYNCHRONIZER 
32. HUB. 3RD AND 4TH·SYNCHRONIZER 
33. KEY, SYNCHRONIZER 
34. SLEEVE. 3RD AND 4TH SYNCHRONIZER 
35. GEAR, 3RD SPEED 
36. BEARING, 3RD GEAR 
37. SPACER, 3RD GEAR BEARING 
38. RING, SNAP 2ND GEAR THRUST WASHER 
39. WASHER, THRUST - 2ND GEAR 
40. GEAR, 2ND SPEED 
41 . BEARING, 2ND GEAR 
42. SPACER, 2ND GEAR BEARING 
43. RING, SPIRAL RETAINING - 2ND SYNCHRONIZER 
44. WASHER, THRUST ·~ 2ND SYNCHRONIZER 
45. KEY, 1ST-2ND SYNCHRONIZER 
46. PIN, LOCATING - 1ST SPEED 

BEARING SLEEVE 
47. SPRING, ANTI-RATTLE 
48. BAU, ANTI-RATTLE 
49: 0-RING, BEARING RACE 

"50. RACE, FRONT COUNTERSHAFT BEARING 
51. BEARING, COUNTERSHAFT 
52. GEAR CLUSTER, COUNTERSHAFT 
53. RACE, REAR COUNTERSHAFT 
54. SHIM, COUNTERSHAFT BEARING ADJUSTMENT 
55. RETAINER, COUNTERSHAFT 
58. BOLT, COUNTERSHAFT RETAINER. 
57. GEAR, 5TH SP£EO DRIVE 
58. RING, BLOCKER - 5TH SYNCHRONIZER 
59. SPRING, 5TH SYNCHRONIZER 
60. HUB, 5TH SYNCHRONIZER 
81. KEY, 5TH SYNCHRONIZER 
62. SLEEVE. 5TH SYNCHRONIZER 
63. RETAINER, 5TH SYNCHRONIZER 
84. RING. SNAP - 5TH 

SYNCHRONIZER RETAINER 
85. FUNNEL TRANSMISSION OILING 
66. PLUG, All AND DRAIN 
67. CASE, TRANSMISSION 
68. SPRING, REVERSE LOCK 
69. 0-RING, REVERSE IDLER 
70. GEAR.REVERSE IDLER 
71 . PIN, ROLL - REVERSE IDLER 
72. SHAFT, REVERSE IDLER 
73. FORK, 5TH SHIFT 
74. PIN, ROLL - SHIFT FORK 
75. RAIL, 5TH AND REVERSE SHIFT 
76. RETAINER. SPRING CLIP - 5TH AND 

REVERSE LEVER 
n. LEVER, 5TH AND REVERSE SHIFT 
78. SOLT, 5TH AND REVERSE 

SHIFT LEVER PIVOT 
79. SWITCH, REVERSE LAMP 
80. CONTROL. TRANSMISSION SHIFT LEVER ANO HOUSING 
81. SLEEVE, SHIFT LEVER DAMPER 
82. LEVER, OFFSET SHIFT 
83. _PIN, ROLL - OFFSET LEVER 
84. SPRING, DETENT 
85. BALL, DETENT 
86. O-RING, EXTENSION HOUSING VENT 
87. VENT, EXTENSION HOUSING 
88. SEAL EXTENSION HOUSING REAR Oil 
89. BUSHING, EXTENSION HOUSING 
90. HOUSING, EXTENSION 
91. BOLT, EXTENSION HOUSING 
92. BOLT, DRIVE GEAR BEARING RETAINER 
93. RETAINER, DRIVE GEAR BEARING 
94. SEAL DRIVE GEAR BEARING RETAINER OIL 
95. SHIM, MAINSHAFT BEARING ADJUSTMENT 
96. BEARING, FRONT MAIN DRIVE GEAR 
97. GEAR, MAIN DRIVE 
98. ROLLERS, BEARING - MAIN DRIVE GEAR PILOT 

KC0012-78-F-RP 

Figure 6. 5-Speed 77 mm Transmission-legend 



82. OFFSET 
LEVER 

83. ROLL PIN 

Figure 7 - Offset Lever 

\ I 

KC0013-7B-F-RP 

\ 
KC0002-78-F-RP 

Figure 8 - Extension Housing to Transmission Case 

85. OETENT 
BALL 

KC0014-7B-~-RP 

Figure 9 - Detent and Offset Lever 
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KC001 &-78-F-RP 

Figure 10 • Oiling Funnel 

KC00t6-7B-F-RP 

Figure 11 - Transmission Cover 

2. Third-fourth synchronizer blocker ring, sleeve, 
hub and third gear as an assembly from 
mainshaft. 

3. ' Needle bearing assembly and spacer. 
4. Second gear snap ring and thrust washer. 
5. Second gear, spacer and needle bearing. 
6. Spiral snap ring. 
7. Thrust washer. 
8. Three-piece second gear blocker ring assembly. 
• Scribe reference mark on first-second 

synchronizer hub and sleeve for reassembly. 
9. Synchronizer spring and keys from first-reverse 

sliding gear. 
10. Sleeve from mainshaft hub. 
11. Anti-rattle spring and ball from hub. 

NOTICE: Do not attempt to remove the 
first-second-reverse hub from mainshaft. The hub 



78-10 MANUAL TRANSMISSION 

76. SPRING CLIP 
KC0017-711-F-RP 

Figure 12 - Reverse Lever Spring Clip 

63. RETAINER 
64. SNAP RING 

KC001 B-7B-F•RP 

Figure 13 - Fifth Gear Synchronizer Retainer 

68. SPRING 
75. AFTH/REVERSE 

SHIFT RAIL 
n. REVERSE LEVER 

KC0019-7B-F-RP 

Figure 14 - Reverse Lock Spring 

and shaft are permanently assembled and 
machined as a matched set. 

KC0020.78-F-RP 

Figure 15 - Fifth Gear Synchronizer 

Figure 16 - Fifth Gear Snap Ring 

93. DRIVE GEAR 
BEARING RETAINER 

95. SHIM 
96. FRONT BEARING 

RACE KC0021-78-F-ftP 

Figure 1 7 - Bearing Retainer and Shims 

12. Fifth gear, using J 22912-01 and press. 
13. Rear bearing. 
14. First gear. 
15. Needle bearing and sleeve. 
16. Locating pin. 
17. Three-piece first gear blocker ring assembly. 



----

KCOOOIS-7B-F-RP 

Figure 18 - Drive Gear 

Figure 19 - Mainshaft 

54. SHIM 
55. COUNTERSHAFT 

RETAINER 

KC0022-7B-F-RP 

Figure 20 - Countershaft Retainer 
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71. ROLL PIN 
KC0023-7B-F-RP 

Figure 21 - Removing Reverse Idler Shaft Roll Pin 

J 22912-01 

KC0024-78"'-RP · 

Figure 22 - Removing Countershaft Bearing 

Figure 23 - Removing Third-Fourth Synchronizer 
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14. MAINSHAFT 
36. NEEDLE BEARING 
'l7. SPACER 

l<C0026-7B-F-RP 

Figure 24 - Needle Bearing and Spacer 

17. INNER CONE 
18. OUTER CONE 
19. BLOCKER RING 

l<C0027-78-J:.RP 

Figure 25 - Three-Piece Blocker Ring 

DRIVE GEAR-DISASSEMBLY 

F,gures 26 and 27 

EE) Disassemble 

Tool Required: 

J 22912-01 Bearing and Gear Puller 

L 1':aring race. 

2. Thrust bearing. 

3. Roller bearings from cavity of drive gear. 

4. Remove bearing from drive gear using J 22912-01 
and a press. 

~ Clean 

• Parts in appropriate solvent. 

IZ.•I Inspect 
• · Gear teeth and drive shaft pilot for wear. 

. 29. THRUST BEARING . 
30. THRUST RACE 
98. ROLLER BEARINGS 

l<C0028-7B.f.llP 

Figure 26 - Drive Gear Bearings 

KCOO 711-F-RP 

Figure 27 - Removing Drive Gear Bearing 

CLEANING AND INSPECTION 

Transmission Case 

~ Clean 

1. Transmission case thoroughly inside and outside 
with appropriate solvent. 

2. Magnetic disk at the bottom of the transmission 
case. 

IZ.•I Inspect 
1. Case for cracks. 
2. Front and rear faces of the transmission case for 

burrs, and if.present, dress them off with l:l fme 
mill file. 

Bearing Rollers and Spacers 

IL•I Inspect 
• Drive gear bearing rollers. 
• Reverse idler shaft. 



• Spacers. 

Gears 

IL•I Inspect 
• Drive gear bearing rollers for chips, cracks, or 

exc_cssive wear and replace if necessary. 

• autch sleeves to insure that they slide freely on 
their hubs. 

Front and Rear Bearings 

~ Clean 

• Front and rear bearings thoroughly with 
appropriate solvent. 

NOTICE: Do not allow the bearings to spin. Turn 
them slowly by hand Spinning bearings may 
damage the race and rollers. 

• Blow out bearings with compressed air. 

• Lubricate bearings with transmission lubricant. · 

IL•l 1nspect 
• Bearings for roughness by slowly turning race by 

hand. 

Synchronizer Blocker Rings 

Figure28 

First/second synchronizer outer cone and 
third/fourth blocker ring are lined with friction 
material and cannot be checked visually for wear. 
Replacement is necessary when gap between blocker 
teeth and adjacent clutch teeth is significantly less than 
specified. Fifth gear blocker ring is brass and can be 
checked visually for wear and damage. 

NOTICE: Make certain the blocker rings are 
correctly identified before assembly. First/second 
synchronizer blocker ring does not have friction 
material. The third/fourth synchronizer blocker 
ring has friction material. Assembling one in place 
of the other will result in serious damage to the 
transmission. 

IL•! Inspect 

• Fifth gear blocker ring for wear or damage. 

Third/Fourth Blocker Rings 

Figure 28 

Ft3 Assemble 

1. Third gear blocker ring to third gear with 
twisting motion to fully seat. 

2. Fourth gear blocker ring to main drive gear with 
twisting motion to fully seat. 

MANUAL TRANSMISSION 78-13 

1111-Measure 

• Gap between vertical faces of blocker teeth anc:i 
clutch teeth. Nominal gap is 0.88-1.50 mm (0. 
035-0.059 inch) for new blocker rings (Figure 28). 

First/Second Blocker Rings 
Figure28 

(II Assemble 

1. Three-piece first gear blocker ring assembly, 
using a twisting motion to fully seat. 

2. Three-piece first gear blocker ring assembly, with 
needle bearing and bearing sleeve, to first gear. 

3. Three-piece second gear blocker ring assembly, 
using a twisting motion to fully seat. 

4. Three-piece second gear blocker ring assembly, 
-with thrust washer, to second gear. 

l@I Measure 

• Gap between _ vertical faces of blocker teeth and 
clutch teeth. Nominal gap is 0.81-1.40 mm 
(0.032-0.055 inch) for new blocker ring 
assemblies (Figure 28). 

111 ... -0 

A. BLOCKER TEETH 
B. FEELER GAGE 
C. CLUTCH TEETH 

KC0030-7B-l'-RP 

Figure 28 - Measuring Blocker Ring Wear 

SYNCHRONIZER KEYS AND SPRINGS 

Figures 29 through 31 

NOTICE: The synchronizer hubs md sliding 
sleeves are a selected assembly and should be kept 
together as originally assembled, but the keys and 
springs may be replaced if worn or broken. 

I++! Remove or Disconnect 
• Keys and springs. 

• If relation of hub and sleeve are not already 
marked, mark for assembly purposes. · 

• Push the sliding sleeve from the hub. The 
keys will fall free and the springs may be 
easily removed. 
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E3 Install or Connect 

• . Keys and springs . . 
• Place a blocker ring on side of the hub and 

sleeve and install keys and retain · with a 
spring. 

• Place a blocker ring on opposite side of the 
hub and sleeve and install remaining spring. 

15. SPRING 32. HUB 34. SLEEVE 
31 . BLOCKER RING 33. KEYS 

KC0031 -78-F·RP 

Figure 29 - Third-Fourth Synchronizer Assembly 

EXTENSION HOUSING OIL SEAL 

Figure4 

l+-.1 Remove or Disconnect 

• Oil seal out of extension housing, using a 
screwdriver or small chisel. 

E3 Install or Connect 

Tool Required: 

J 21426 Extension Housing Seal Installer 
• New oil seal into extension housing using J 21426. 

58. BLOCKER 
RING 

59. SPRING 

60. HUB 

61. KEYS 
62. SLEEVE 
63. RETAINER 

KCD033-7S.F-RP 

Figure 31 - Fifth Gear Synchronizer Assembly 

• Lubricate inside diameter of seal with 
transmission lubricant. 

EXTENSION HOUSING BUSHING 
Figures 4 and 32 

l+-.1 Remove or Disconnect 

Tools Required: · 
J 8092 Universal Driver Handle 
J 23062-14 Extension Housing Bushing_ 
Remover and Installer 

1. Oil seal out of extension housing, using a 
screwdriver or small chisel. 

2. Bushing out of housing, using J 8092 with J 
23062-14. 

E3 Install or Connect 

Tools Required: 
J 8092 Universal Driver Handle 

~ !T .~ 
~ MAIN SHAFT WITH HUB 

~ 
SPRING 

REVERSE SLIDING GEAR 6 

~ INNER CONE 

~ OUTER CONE 

~ BLOCKER RING 

§] KEYS 

~ ANTI-RATTLE SPRING 

§] ANTI-RATTLE BALL 

I ( [ di ij 
~ 

KC0032-7S.l<-RP 

Figure 30 - First-Second Synchronizer Assembly 



J 23062-14 Extension Housing Bushing 
Remover and Installer 
J 21426 Extension Housing Seal Installer 

1. Bushing in housing, using J 8092 with J 23062-14. 
2. New oil seal into extension housing using J 21426. 
• Lubricate inside diameter of seal with 

transmission lubricant. 

J 23062-14 

KC0034-7B-F-RP 

Figure 32 • Installing Extension Housing Bushing 

DRIVE GEAR BEARING RETAINER OIL SEAL 
Figure 33 
• Oil seal, using a screwdriver or small chisel. 

EJ Install or Connect 

Tool Required: 
J 37375 Drive Gear Bearing Retainer Seal 
Installer 

• New seal into retainer using J 37375 until it 
bottoms in bore. 

• Lubricate inside diameter of seal with 
transmission lubricant. 

KC00!54-78-4'-RP 

Figure 33 - Installing Bearing Retainer Oil Seal 
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TRANSMISSION COVER 
Figures 34 and 35 

F:3 Disassemble 

• Place selector arm plates and shift rail in neutral 
position (centered). 

• Rotate shift rail until selector arm disengages 
from selector arm plates and roll pin is accessible. 

1. Selector arm roll pin using a pin punch and 
hammer (Figure 34). 

2. Shift rail, shift forks, selector arms plates, selector 
arm, interlock plate and roll pin. 

3. Transmission cover to extension housing 0-ring 
seal using a screwdriver. · 

4. Nylon inserts and selector arm plates from shift 
forks. 
• Note position of inserts and plates for 

assembly reference. 

· 1-++~ Assemble 

1. Nylon inserts and selector arm plates in shift 
forks. 

• If removed, coat edges of shift rail plug with 
sealer number 1052624 or equivalent before 
installing. 

• Coat shift rail and rail bores with transmission 
lubricant. · 

2. Shift rail in cover until flush with inside edge of 
cover. 

3. Place first-second shift fork in cover with fork 
offset facing rear of cover and push shift rail 
through fork. . 
• The first-second shift fork is the larger of 

the two · forks. · 
4. Selector arm and C-shaped interlock plate in 

cover and insert shift rail through arm. 
• Widest part of interlock plate must face 

away from cover, and selector arm roll pin 
hole must face downward and toward rear 
of cover. 

5. Third-fourth shift fork in cover with fork offset 
facing rear of cover. 
• Third-fourth shift fork selector arm plate 

must be under first-second shift fork 
selector arm plate. 

6. Shift rail through third-fourth shift fork and into 
front bore in cover. 

• Rotate shift rail until selector. arm plate at 
forward end of rail faces away from, but is 
parallel to cover. 

• Align roll pin holes in selector arm and shift raii 
and install roll pin. 
• Roll pin must be flush with surface of 

selector arm to prevent pin from contacting 
selector arm plates during shifts. 

7. New transmission cover to extension housing 
0-ring seal. 

• Coat 0-ring seal with transmission lubricant. 
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~ 
(~0 
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0 0 
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0 
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1. TRANSMISSION COVER 8. SELECTOR ARM 
2. ALIGNMENT BOLT 9. INTERLOCK PLATE 
3. 13 N·m (10 LB. FT.) 10. 1ST/2ND SHIFT FORK 
4. 0-RING 11. INSERT 
5. SHIFT RAIL PLUG 12. SHIFT FORK PLATE 
6. SHIFT RAIL 13. ROLL PIN 
7. 3RD/4TH SHIFT FORK 

KC0035-7B-F-RP 

Figure 34 - Transmission Cover 

113. ROLL PIN 

0 
KC0036-78-l'-

Figure 36 - Removing Selector Arm Roll Pin 

FRONT COUNTERSHAFT BEARING 

Figures 36 through 39 

El Remove or Disconnect 

Tools Required: 
J 37358-1, -2 Bearing Race Receiver and 
Case Support 
J 22912-01 Bearing and Gear Puller 
J 37359 Countershaft Bearing Remover 
J 8092 Universal Driver Handle 

NOTICE: Failure to support the case properly 
will result in permanent distortion of the case 
during bearing race removal. 

1. Countershaft front bearing race and O-ring froni . 
the transmission case, using J 37358-1 with J 
37358-2 and a press. 
• Remove the front coutershaft bearing race 

only if it is worn or damaged. 
2. Countershaft front bearing from the 

countershaft, using J 22912-01 with J 37359 and 
a press. 

E3 Install or Connect 

Tools Required: 
J 37357 Countershaft Bearing and Race 
Remover and Installer 
J 22912-01 Bearing and Gear Puller 
J 8092 Universal Driver Handle 

1. Countershaft front bearing onto the countershaft, 
using J 37357 with J 22912-01, J 8092 and a press. 

2. New O-ring onto the countershaft front bearing 
race. 
• Lubricate the O-ring. 

3. Countershaft front bearing race into the case, 
using J 37357 with J ,8092 and a press. 
• Lightly tap the race into its bore until the 

O-ring is compressed. 
• Use a press to install the race until its 

shoulder rests on the inside of the case. 

J 37351-2 

KC0037-7 P 

Figure 36 - Removing Bearing Race from Case 

DRIVE GEAR - ASSEMBLY 

l+!+j Assemble 
Tools Required: 

J 22912-01 Bearing and Gear Puller 
J 6133-01 Installer 

1. Bearing onto the drive gear, using J 22912-C 
with J 6133-01 and a press. 
• Coat roller bearings and drive gear bearing 

bore with lightweight grease. 



J 37359 

Figure 37 • Removing Bearing from Countershaft 

49. 0-RING 
50. BEARING 

RACE 

67. TRANSMISSION 
CASE 

KC00311-78- ,RP 

Figure 38 • Front Countershaft Bearing Assembly 

J 37357 

PRESS 
ARM 

KC0039-7B-F-RP 

Figure 39. Installing Bearing Race to Case 

2. Roller bearings into the bore of the drive gear. 
3. Thrust bearing and race into the drive gear. 
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MAINSHAFT-ASSEMBL Y 
Figum 23, 24, 25 and 40 

F!+I Assemble 
Tools Required: 

J 25234 Front and_ Rear Bearing -Installer 
J 37360 Spiral Soap Ring Installer 
J 37372 Synchronizer and Gear Installer 

NOTICE: If · replacing first/second or 
third/fourth synchronizer blocker rings, soak new 
blocker ring assemblies for 10 minutes in Dexon II 
or equivalent before assembly on mainshaft. 

• Coat mainshaft and gear bores with transmission 
lubricant. 

1. Anti-rattle spring and ball in hub. 
2. First-second synchronizer sleeve on mainshaft 

hub aligning marks made at disassembly. 

NOTICE: Use care in synchronizer spring 
placement. If synchronizer is assembled with 
improper -spring replacement, hard shifting will 
result. · 

3. First-second synchronizer keys and springs. 
• Engage tang end of each spring in same 

synchronizer key, but position open end of 
springs opposite of each other. 

4. Three-piece first gear blocker ring assembly. 
5. Locating pin into mainshaft. 
6. Sleeve and bearing onto mainshaft, aligning notch 

in sleeve with locating pin. 
7. First gear, aligning slots in first gear with tabs on 

blocker ring assembly. 
8. Rear mainshaft bearing with taper facing rear of 

shaft. 
• Lubricate fifth gear splines with petroleum jelly. 

NOTICE: Carefully align the mainshaft and gear 
splines. If splines are improperly aligned, damage 
could occur when the gear is pressed onto the 
mainshaft. 

9. Fifth gear on mainshaft. 
10. Fifth gear onto mainshaft, using J 25234 and a 

press. 
11. Fifth gear snap ring. 
12. Three-piece second gear blocker ring assembly 

and thrust washer. 
13. Spiral snap ring, using J 37360. 
14. Second gear spacer, needle bearing and gear, 

aligning slots in second gear with tabs on blocker 
ring assembly. 

15. Second gear thrust ·washer and snap ring. 
16. Third gear, spacer and needle bearing assembly. 

• Make sure the bearing spacer is not trapped 
between the gear face and snap ring. The 
spacer runs inside the gear bore. 
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17. Third-fourth synchronizer, third blocker ring and 
third gear as an assembly! using J 37372 and a 
press. rn Important 

• Before pressing components together, make sure 
the synchronizer hub faces the short end of the 
mainshaft. Hold third · gear against the 
synchronizer to maintain blocker ring alignment 
with keys. 

15. SPRING 
33. KEY KC0040-7B-F-RP 

Figure 40 - Synchronizer Springs 

TRANSMISSION - ASSEMBLY 
Figures 5 through 22 and 41 through 43 

F!+I Assemble 

Tools Required: 
J 37357 Countershaft Bearing and Race 
Remover and Installer 
J 8092 Universal Driver Handle 
J 37372 Synchronizer and Gear Installer 
J 8001 Dial Indicator 

NOTICE: See "Notice" on page 7B-l of this 
section for steps 8, 20, 25, 27 and 31 through 33. 

1. Front countershaft bearing onto countershaft 
using J 37357 with J 8092 and a press. 

2. Countershaft in case. 
3. Countershaft rear bearing to countershaft using 

J 37372 and a press (Figure 41). 

__ NOTICE: Failure to properly support the 
countershaft may result in permanent distortion of 
the case during installation. 

• Support the countershaft with J 37357. 
4. Rear countershaft bearing "race. 
5. Rubber O-ring and reverse idler gear in case with 

shift lever groove facing rear of case. 
6. Reverse idler shaft from rear of case. 
7. Roll pin in idler shaft. 

51 . REAR COUNTERSHAFT 
BEARING 

J 37372 

1-7B-F,RP 

Figure 41 - Installing Rear Countershaft Bearing 

8. Countershaft retainer (without shims) to 
transmission housing. 

l~I Tighten 

• Countershaft retainer bolts to 20 N ·m (15 
lb. ft.). 

l@I Measure 

• Countershaft end play using dial indicator 
J 8001. 

J 8001 

KCO 2-78-F-RP 

Figure 42 - Measuring Countershaft End Play 

• Remove retainer and install shim(s) as 
necesary to provide proper end play. Zero 
end play with no preload is ideal, but up to 
0.10 mm (0.004 inch) end play is allowable. 
Do not preload bearing with shim(s) larger 
than original end play measurement. Refer 
to "Specifications" in this section. 

• Reinstall retainer, re-torque and bend tabs over 
the four attaching bolts. 

9. Reverse shift fork in case. 
10. Assembled mainshaft in transmission case. 
11. Rear mainshaft bearing race in case. 
12. Drive gear in case (make sure rollers, thn 

bearing and washer are QI place), and engage in 
third-fourth synchronizer sleeve and blocker 
ring. 



13. Front bearing race in front bearing retainer. 
• Do not install shims in front bearing 

retainer at this time. 
• Temporarily install front bearing retainer. 

14. Fifth gear on countershaft. 
• Slide shift rail/fifth gear shift fork assembly 

into case. As shift rail enters case, align 
reverse shift fork and slide rail through fork. 
Position lever return spring in case with 
long end of spring to rear, and slide rail 
through spring (Figure 14). 

15. Blocker ring and fifth gear synchronizer in fifth 
gear shift fork. 

• Slide fork rail assembly and synchronizer into 
position. 

16. Fifth gear synchronizer retainer and snap ring 
(Figure 13 ). 

17. Oiling funnel into rear of countershaft (Figure · 
10). 

18. Fifth/reverse shift lever in case. 
19. Lever return spring to front of case. 

• Make sure reverse shift fork pin and fifth 
gear shift rail pin are engaged with shift 
lever. · 

20. Fifth gear/reverse lever pivot bolts and retaining 
clip. 
• Coat pivot bolt threads with pipe thread 

sealant number 1052080 or equivalent. 

l~I Tighten 
• Pivot bolt to 27 N · m (20 lb. ft.). 

21. Backup lamp switch. 
• Coat threads with pipe thread sealant 

number 1052080 or equivalent.. 
22. Speedometer gear and retaining clip. 
23. Circlip. 
• Apply 3 mm (1/8 inch) bead of RTV Sealant 

number 1052751, or equivalent, to transmission 
cover assembly. 

• Make sure all synchronizers are in the neutral 
position and that the shift forks in the cover are 
in the neutral (center) position. 

• . Lower cover onto case while aligning shift forks 
and synchronizer sleeves. 

24. Cover and install two dowels. 
25. Remaining cover bolts. 

l~I Tighten 
• Cover bolts to 14 N ·m (10 lb. ft.). 

• Apply 3 mm (1/8 inch) bead of RTV Sealant 
number 1052751 or equivalent, to extension 
housing mating surface. 

• Coat detent spring with petroleum jelly and insert 
in offset lever. 

• Lubricate detent plate and install detent ball in 
neutral position on plate. 

• Position offset lever in extension housing with 
spring over detent ball. Slide lever and extension 
into position as an assembly. 

26. Extension housing vent. 
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• Press downward on offset lever to compress 
dctent spring and push lever and housing into 
position. 

27. Extension housing bolts. 
• Apply pipe thread sealant number 1052080, 

·or equivalent, to the threads of the drain and 
fill plugs. 

l~I Tighten 
• Extension housing bolts to 30 N ·m (22 lb. 

ft.). 
28. Roll pin in offset lever and shift rail. 
29. Damper sleeve in offset lever. 
• Turn transmission case on end, and mount a dial 

indicator on extension housing with indicator on 
the end of mainshaft (Figure 43). 

l@I Measure 

• Mainshaft end play. 
- Rotate mainsbaft and zero dial indicator. 

Pull upward on mainshaft until end play is 
removed.and record reading. 

- Ideal mainshaft end play is zero with plus 
or minus 0.02 mm (0.001 inch) allowable. 

- To set preload, select a shim pack equal to 
the dial indicator reading recorded. 

J 8001 

KC~7U.ftP 

Figure 43 • Measuring Mainshaft End Play 

• Remove front bearing retainer and front bearing 
race. 

• Install necessary shims and reinstall bearing race. 
Refer to "Specifications"' in this section. 

• Apply a 3 mm diameter (1/8 inch) bead of RTV 
sealant, number 1052751 or equivalent, on case 
mating surface of front bearing retainer. 

30. Bearing retainer. 
• Apply pipe thread sealant number ~052080, or 

equivalent, to the threads of the retainer bolts. 
31. Retainer bolts. 

~ Tighten 
• Retainer bolts to 20 N·m (15 lb. ft.). 
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• Apply pipe thread sealant number 1052080, or 
equivalent, to the threads of the drain and fill 
plugs. 

32. Drain plug. 

l~I Tighten 
• Drain plug to 27 N ·m (20 lb. ft.). 

• Fill the transmission to its proper level with 
Dexron II number 1051855, or equivalent. 

33. fill plug. 

l~I Tighten 

• Fill plug to 27 N • m (20 lb. ft.). 

SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

Catalytic Converter-to-Transmission Nut and Bolt .......... .............. .............. .. 40 N • m (30 lb. ft.) 
Transmission-to-Flywheel Housing Bolt ; ......................................................... 75 N·m (55 lb. ft.) 
Extension Housing Bolt .............................. ...................................................... 30 N • m (22 lb. ft.) 
Transmission Cover-to-Case Bolt ......................................... :......... .................. 14 N ·m (10 lb. ft.) 
Front Bearing Retainer Bolt ............................................................................. 20 N·m (15 lb. ft.) 
Countershaft Retainer Bolt ............................................................................... 20 N ·m (15 lb. ft.) 
Reverse Pivot Bolt .............................................................................................. 27 N ·m (20 lb. ft.) 
Fill Plug ............................................................................................................. 27 N·m (20 lb. ft.) 
Drain Plug ......................................................................................................... 27 N·m (20 lb. ft.) 
Transmission Mount-to-Transmission Bolt ...................................................... 54 N·m (40 lb. ft.) 
Transmission Mount-to-Support Nut ............................................................... 47 N·m (35 lb. ft.) 
Transmission Mount-to-Support Bolt ............................................................... 54 N·m (40 lb. ft.) 
Speedometer Drive Gear Retainer Bolt ............................................................ 10 N·m (89 lb. in) 
Shift Control Lever Boot Screw .......................................................................... 6 N·m (53 lb. in) 
Shift Control Lever Bolt ....................................... ............................................ 17 N·m (13 lb. ft.) 

LUBRICATION SPECIFICATIONS 

Lubricant Capacity (approximate) ............................................................. 2.8 Liters (2.96 quarts) 
Lubricant Recommended ...................................................... Dexron II # 1051855, or equivalent 
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SHIM SPECIFICATIONS 

Input/Main Shaft Counter Shaft 

Thlckneu Thickness 
(lnchff) GM PIN (Inches) GMP/N 

0.012 14050783 . 0.1005 10117781 
0.014 14050780 0.102 10117782 
0.016 14050781 0.1035 10117783 
0.018 14050782 0.105 10117784 
0.020 14050784 0.1065 10117785 
0.022 14050786 0.108 10117786 
0.023 14050787 0.1095 10117787 
0.024 14069868 0.111 10117788 
0.025 14069869 0.1125 10117789 
0.026 14069870 0.114 10117790 
0.027 14069871 0.1155 10117791 
0.028 14069872 0.117 10117792 
0.029 14069873 0.1185 10117793 
0.030 14069874 0.120 10117794 
0.031 14069875 0.1215 10117795 
0.032 14069876 0.123 10117796 
0.033 14069877 0.1245 10117797 
0.034 14069878 0.126 10117798 
0.035 14069879 0.1275 10117799 
0.036 14050785 0.129 10117800 
0.037 14069880 0.1305 10117801 
0.038 14069881 0.132 10117802 
0.039 14069882 0.1335 10117803 
0.040 14069883 0.135 10.117804 
0.041 14069884 0.1365 10117805 
0.042 14069885 0.138 10117806 
0.043 14069886 0.1395 10117807 
0.044 14069887 0.141 10117808 

0.1425 10117809 
0.144 10117810 
0.1455 10117811 
0.147 10117812 
0.1485 10117813 
0.150 10117814 
0.1515 10117815 
0.1530 10117816 

KCOOl0-711-1'-RP 
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SPECIAL TOOLS 
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SECTION 7C 

CLUTCH 
The following •Notice" applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: HNOTICE: See "Notice,,. on -page 7C-1 
of this section." 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener. for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 

CONTENTS 
General Description . ......... ................................. 7C-1 

Principle Components ........ .......... ................ .. 7C-1 
Driving Members ........................................ 7C- l 
Driven Member .............................. .. ...... .... 7C-1 
Operating Members (Hydraulic 

Clutch) ............................ .. .... ... ...... .......... 7C- l 
Hydraulic Clutch Fluid .............................. 7C-1 
Pilot Bearing ............................................... 7C-1 

Diagnosis ..................... .. ...... .. .. .... ........ ............. .. 7C-3 
Preliminary Checks ........................................ 7C-3 

On-Vehicle Service .... ...... ... ............. ............... .... 7C-5 
Clutch Hydraulic System .......... .......... ........... 7C-5 

GENERAL DESCRIPTION 
PRINCIPLE COMPONENTS 

Driving Members 

Figures 1 and 2 

The driving members consist of two flat surfaces 
machined to a smooth finish. One of these is the rear 
face of the engine flywheel, and the other is the 
pressure plate. The pressure plate is fitted into a steel 
cover which is bolted to the flywheel. 

Driven Member 

The driven member is the driven plate with a 
splined hub. The driven plate is free to slide lengthwise 
along the splines of the input shaft, and drives the-input 
shaft through these splines. 

The driving and driven members are held in 
contact by spring pressure. This pressure is exerted by 
a diaphragm spring in the clutch cover assembly. 

Operating Members (Hydraulic Clutch) 

Figures 3 and 4 

A hydraulic clutch operating mechanism is used 
on all models. The mechanism consists of a remote . 
reservoir, clutch master cylinder and actuator. The 
remote reservoir is mounted to a bracket which bolts 
to the power brake booster. The clutch master cylinder 
is mounted on the cowl panel and the actuator is 

Bleeding Hydraulic System ... .. ..... ..... .. ........... 7C-6 
Master Cylinder ....... .............. .................. ....... 7C-6 
Actuator .......................................................... 7C-8 
Clutch Pedal Assembly ................... ......... ...... 7C-8 
Neutral Safety Switch ........ ............................ 7C-9 
Clutch Cover, Plate, Fork, and 

Release Bearing ........... ............ .............. ...... 7C-9 
Flywheel ................. .. ................... .................. 7C-10 
Pilot Bearing ..... ............................................ 7C-10 

Specifications .. ... ..... ... . .. .. .... .... ....... ....... .. .. ..... ... 7C- l 0 
Special Tools ..... ...... ........ ....... .. ......................... 7C-l 1 

mounted on the clutch housing. The clutch master 
cylinder is operated directly by the clutch pedal. 

When the clutch pedal is pressed down, hydraulic 
fluid under pressure from the clutch master cyHnder 
flows into the actuator. The actuator piston engages 
the clutch fork which moves the release bearing into 
contact with the di~phragm spring fingers to disengage 
the clutch. 

The hydraulic clutch system locates the clutch 
pedal height and provides automatic clutch 
adjustment. No adjustment of clutch linJ(age or pedal 
position is required. 

Hydraulic Clutch Fluid 

When adding fluid to or refilling the system after 
service operations use GM Delco Supreme No. 11 
brake fluid or an equivalent fluid that meets DOT 3 
specifications. 

NOTICE: Do not use mineral or paraffin base oil 
in the Clutch Hydraulic System. These fluids will 
damage the rubber parts in the cylinders. 

Pilot Bearing 

The clutch pilot bearing is an oil-impregnated 
type bearing pressed into the crankshaft. This bearing 
requires attention when the clutch is removed from the 
vehicle. It should be cleaned and inspected for 
excessive wear or damage and replaced if necessary. 
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/ 
CLUTCH HOUSING 
COVER 

l _ Flywheel 
2- Dowel-hole 

3_ PIiot B-■ring 
4. Driven Disc 

LUTCH RELEASE BEARING 

CLUTCH FORK 

CLUTCH HOUSING 

Figure 1 - Clutch Components 

BENT FINGER 

5. Pressure Ptate 
6. Diaphragm Spring 

1 
---------- . _ u 
7. Cover 9. Fork 
8. Ch.11c:h Release Bearing 

KC0001-7C-F-RP 

KC0002,7CF-RP 

Figure 2 - Clutch Assembly Cross-Section 
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DIAGNOSIS 
PRELIMINARY CHECKS 

CLUTCH 7C-3 

Before attempting to repair the clutch, 
transmission or related hydraulic components for any 
reason other than an obvious failure, the problem and 
probable cause should be identified. A large J?Crcentage 
of clutch and manual transmission problems show up 
as shifting difficulties, such as high shift effort, gear 
clash and grinding, or transmission blockout. When 
any of these problems occur, a careful analysis of these 
difficulties, should be performed before removing the 
clutch or transmission for repairs. Refer to the clutch 
diagnosis chart for conditions, causes and corrections. 

· Before removal of the clutch hydraulic system, 
verify the malfunction by removing the clutch housing 
cover and measure the travel of the clutch actuator · 
pushrod. With the clutch pedal pushed fully to the 
floor, the actuator pushrod should extend a minimum of 
14.5 mm (0.57 inch) for V-8, and 11 mm (0.43 inch) 
for V-6, against the fork. Do not replace the hydraulic 
system if pushrod travel exceeds this distance. 
• If the actuator does not meet the travel 

requirements, check the reservoir fluid level. 
The actuator must be in place when 
checking the fluid level. 
The proper level is indicated by a step on the 
reservoir. Fill to the specified level with GM 
Delco S1,1preme No. 11 Brake Fluid or an 
equivalent fluid that meets DOT 3 
specifications. 
Do not overfill. The upper portion of the 
reservoir must accept fluid that is displaced 
from the actuator as the clutch wears. 

Figure 3 - Clutch Hydraulic System 

NOTICE: Carefully clean the top and sides of the 
reservoir before opening to prevent contamination 
of the system with dirt, water or other foreign 
material. Remove the reservoir diaphragm before 
adding fluid. Carefully replace the diaphragm, 
cover gasket and cover after fillini 

Condition 
Fails to Release (Pedal 
pressed to floor, shift 
lever does not move 
freely in and out of 
reverse gear) 

Probable Cause 

If the reservoir requires any fluid, check the 
hydraulic system components for leakage. Remove the 
rubber boots from the cylinder and check for leakage 
past the pistons. A slight wetting of the surfaces is 
acceptable. Replace the system if excessive leakage is 
evident. 

Correction 

1. Faulty pilot bearing. 1. Replace bearing. 
2. Faulty driven plate. 
3. Fork off of ball stud 

or ball stud loose. 

4. Driven plate hub 
binding on clutch 
gear spline. 

5. Driven plate warped 

2. Replace driven plate. 
3. Install properly and 

lightly lubricate 
fingers at release 
bearing and ball stud. 

4. Repair or replace 
clutch gear and/or 
driven plate. 

5. Replace driven plate. 
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Slipping 

Grabbing (Chattering) 

Release Bearing Noise 
with Clutch Fully 
Engaged 

Noisy 

Pedal Stays on Floor 
When Disengaged 

Excessive Pedal 

or bent. 

6. Air in hydraulic 
system. 

7. Pedal assembly 
· misaligned to the 
cowl. 

1. Oil-soaked driven 
plate. 

2. Worn facing or 
facing torn from 
plate. 

3. Warped pressure 
plate or flywheel. 

4. Weak diaphragm 
spring. 

5. Driven plate not 
seated in. 

6. Driven plate 
overheated. 

1. Oil on facing. 
Burned or glazed 
facings. 

2. Worn splines on 
clutch gear. 

3. Warped pressure 
plate or flywheel. 

4. Burned or smeared 
resin on flywheel 
or pressure plate. 

1. Release bearing 
binding on 
transmission 
bearing retainer. 

2. Fork improperly 
installed. 

1. W om release 
bearing. 

2. Fork off of the ball 
stud (heavy 
clicking). 

3. Pilot bearing loose 
in crankshaft. 

1. Bind in release 
bearing. 

2. Master cylinder rod 
fell off pedal. 

1. Linkage needs 

Runout should not exceed 0.5 mm 
(0.20 - inch). 

6. Bleed hydraulic system 
driven plate. 

7. Loosen.pedal assembly 
mounting bolts and 
realign pedal assembly. 

I. Install new driven 
plate and correct leak 
at its source. 

2. Replace driven plate. 

3. Replace pressure plate 
or flywheel. 

4. Replace pressure plate. 

5. Make 30 to 40 normal 
starts. 
CAUTION: 
Do not overheat. 

6. Allow to cool. 

1. Install new driven 
plate and correct leak. 

2. Replace transmission 
clutch gear. 

3. Replace pressure plate 
or flywheel. 

4. Sand off if 
superficial, replace 
burned or heat 
checked parts. 

1. Clean, lubricate, 
check for burrs, nicks, 
etc. 

2. Install properly. 

1. Replace bearing. 

2. Install properly and 
lubricate fork fingers 
and bearing. 

3. Replace pilot bearing. 

1. Lubricate and free-up 
release bearing. 

2. Install correctly. 

1. Lubricate. 



Pressure 

Rapid Clutch Disc Wear 

lubrication . 
. 2. Pressure plate 

release fingers 
binding. 

3. Linkage misaligned. 
4. Release bearing 

sleeve binding on 
transmission bearing 
retainer. 

5. Sticking linkage 
master cylinder or 
actuator. 

1. Scored flywheel or 
pressure plate. 

2. Driver rides the 
clutch (rests left 
foot on clutch while 
driving). 

3. Driver races engine 
and slips clutch 
excessively during 
starting. 

4. Driver holds car on 
hill by slipping 
clutch. 

2. Free and lubricate. 

3. Align linkage. 
4. Free and lubricate. 

5. Clean or replace as 
needed. 

1. Grind or replace. 

2. Instruct driver. 

3. Instruct driver. 

4. Instruct driver. 

CLUTCH 7C-5 

5. Weak pressure plate 
springs. 

5. Rebuild or replace 
pressure plate assembly. 

ON-VEHICLE SERVICE 
CLUTCH HYDRAULIC SYSTEM 
Figure 4 

NOTICE: Prior to any vehicle service that 
requires removal of the actuator, the master 
cylinder pushrod must be disconnected from the 
clutch pedal. If not disconnected, permanent 
damage to the actuator will occur if the clutch 
pedal is depressed while the actuator is 
disconnected. 

l++I Remove or Disconnect 

1. Negative (-) battery cable. 
2. Sound insulator. 
3. Brake vacuum booster pushrod from the brake 

pedal. 
• Remove the retainer and washer. 

4. Clutch master cylinder pushrod from the clutch 
pedal. 
• Use a sharp knife to cut the bushing 

retaining tabs. 
5. Clutch master cylinder-to-cowl nuts. 
6. Brake vacuum booster-to-cowl nuts. 
7. Clutch fluid reservoir screws. 
8. Clutch fluid reservoir from the bracket. 

• Pull the brake vacuum booster forward to 
gain access to the clutch master cylinder. 

9. Clutch master cylinder with U-bolt from the 
cowl. 
• Raise the vehicle. 

10. Acutator heat shield bolts. 
11. Acutator heat shield. 
12. Actuator. 

• Lower the vehicle. 
13. Clutch hydraulic system from the engine 

compartment. 

l++f Install or Connect 

NOTICE: See "Notice" on page 7C-l of this 
section for steps 3, 4, 10, and 13. 

• Position the hydraulic clutch master cylinder at 
the cowl and lower the acturator down to the 
clutch housing area. 

l. Clutch master cylinder with U-bolt to the cowl. 
2. Brake vacuum booster to th.e cowl. 
3. Clutch master cylinder-to-cowl nuts. 

I~! Tighten 

• Nuts to 13 N·m (115 lb. in.). 
4. Brake vacuum booster-to-cowl nuts. 

l~I Tighten 
• Nuts to 21 N·m (15 lb. ft.). 
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S. B-ralce vacuum booster pushrod to the brake 
pedal. 
• Install the retainer and washer. 

6. New bushing to the clutch pedal. rn Important 

• Install the bushing with the flat side toward 
the pedal. 

7. Clutch master cylinder pushrod to the clutch 
pedal. 

8. Sound insulator. 
9. Clutch fluid reservoir to the bracket. 

10. Clutch fluid reservoir screws. 

l~I Tighten 

• Screws to 6 _N • m (53 lb. in.). 
• Raise the vehicle. 

11. Actuator. 
12. Actuator heat shield. 
13. Actuator heat shield bolts. 

l~I Tighten 

• Bolts to 21 N · m (15 lb. ft.). 
• Lower the vehicle. 

14. Negative (-) battery cable. 

BLEEDING HYDRAULIC SYSTEM 
Figure 3 

The process of removing air from the line and 
cylinders is known as "bleeding" and is necessary any 
time the level of fluid in the reservoir has been allowed 
to fall so low that air has been drawn into the master 
cylinder. 

NOTICE: Never, under any circumstances, use 
fluid which has been bled from a system to fill the 
reservoir as it may be aerated, have too much 
moisture content and possibly be contaminated. 

I. Clean dirt and grease from the cap to ensure no 
foreign substances enter the system. 

2. Remove cap and diaphragm and fill reservoir to 
the top with approved brake fluid only. (Brake 
fluid must be certified to DOT 3 specifications). 

3. Fully loosen bleed screw which is in the actuator 
body next to the inlet connection. 

4. Fluid will now begin to move from the master 
cylinder down the tube to the actuator. 
• · It is important that for efficient gravity fill, 

the reservoir be kept full at all times. 
S. At this point bubbles will appear at the bleed _ 

screw outlet. This means that air is being 
expelled. When the actuator is full, a steady 
stream of fluid will come from the actuator outlet. 
At this point, tighten bleed screw to a torque of 
2 N·m (18 lb. in.). 

6. Assemble diaphragm and cap to the reservoir. 
Fluid in reservoir should be level with the step. 

7. Exert a light load (approximately 44 kg. or 20 lb.) 
to the actuator piston by pushing the clutch fork 
toward the actuator and loosening the bleed screw. 

Maintain a constant light load. Fluid and any air 
that is left will be expelled through the bleed port. 
Tighten the bleed screw when a steady flow of 
fluid and no air is being expelled. 

8. Renew fluid level in the reservoir and assemble 
the diaphragm and cap. If necessary, repeat steps 
7 and 8. 

9. Exert a light load to the clutch fork as in step 7. 
Do not open bleed screw. The piston in the 
actuator will move slowly down the bore. Repeat 
2-3 times. Fluid movement will force any air left 
in the system into the reservoir. 

10. The hydraulic system should now be fully bled 
and should release the clutch. Check the vehicle 
by starting, pushing clutch pedal to the floor and 
selecting reverse gear. There should be no grating 
of gears. If there is, the hydraulic system could 
still contain air. If this is the case, repeat the bleed 
procedure. 

11. Check pushrod travel at the actuator to insure a 
minimum travel of 14.5 mm (0.57-inch) for V-8 
and 11 mm (0.43-inch) for V-6. 

MASTER CYLINDER 
Figures 3 and 4 

l+-+I Remove or Disconnect 

1. Negative(-) battery cable. 
2. Sound insulator. 
3. Brake vacuum booster pushrod from the brake 

pedal. 
• Remove the retainer and washer. 

4. Clutch master cylinder pushrod from the pedal. 
• Use a sharp knife to cut _ the bushing 

retaining tabs. 
5. Clutch master cylinder-to-cowl nuts. 
6. Brake vacuum booster-to-cowl nuts. 
7. Hose clamp. 
8. Clutch fluid reservoir hose. _ 

• Catch the hydraulic fluid from the reservoir 
in a container. 

• Pull the brake vacuum booster forward to gain 
access to the clutch master cylinder. 

9. Clutch master cylinder with U-bolt from the 
cowl. 

• Lower the master cylinder down to the clutch 
housing area. 

• Raise the vehicle. 
10. High-pressure hose. 
11. Clutch master cylinder. 

E3 Install or Connect 

NOTICE: See "Notice" on page _ 7C-1 of this 
section for steps 8 and 9. 

1. Clutch master cylinder high-pressure hose. 
• Place the clutch master cylinder up near the 

brake vacuum booster. 
• Lower the vehicle. 
2. Clutch master cylinder to the cowl with the 

U-bolt. 



CD CLUTCH MASTER CYLINDER 

0 RESERVOIRMOUNTING BRACKET 
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E2) CLUTCH MASTER CYLINDER 
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Figure 4 - Hydraulic System Components. 
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3. New bushing to the pedal. m Important 

• Install the flat end of the bushing toward the 
pedal. 

4. Clutch master cylinder pushrod to the pedal. 
• Install the retainer and washer. 

5. Brake vacuum booster to the cowl. 
6. Clutch fluid reservoir hose. 
7. Hose clamp. 
8. Clutch master cylinder-to-cowl nuts. 

l~I Tighten 

• Nuts 13 N ·m (115 lb. in.). 
9. Brake vacuum booster-to-cowl nuts. 

!~I Tighten 

• Nuts to 21 N·m (15 lb. ft.). 
10. Sound insulator. pushrod to the clutch pedal. 
• Fill and bleed the hydraulic system. Refer to 

"Bleeding Hydraulic System" in this section. 
11. Negative(-) battery cable. 

ACTUATOR 
Figures 3 and 4. 

l++I Remove or Disconnect 

1. Negative(-) battery cable. 

NOTICE: Prior to any vehicle service that 
requires removal of the actuator, the master 
cylinder pushrod must be disconnected from the 
clutch pedal. If not disconnected, permanent 
damage to the actuator will occur if the clutch 
·pedal is depressed while the actuator is 
disconnected. 

2. Sound insulator panel. 
3. Clutch master cylinder pushrod from the clutch 

pedal. -

• Use a sharp. knife to cut the bushing 
retaining tabs. 

• Raise the vehicle. 
4. Pressure hose. 

• Catch the hydraulic fluid in a container. 
5. Actuator heat shield bolts. 
6. Actuator heat shield. 
7. Acturatory cylinder. 

E3 l~stall or Connect 

1. Actuator. 
2. Actuator heat shield. 

NOTICE: See "Notice on page 7C-1 of this 
section. 

3. Actuator heat shield bolts. 

l~I Tighten 

• Bolts to 21 N ·m (15 lb. ft.). 
4. Pressure hose. 
• Lower the vehicle. 
5. New bushing to the clutch pedal. m Important 

• Install · the flat side of the bushing toward 
the clutch pedal. 

6. Clutch master cylinder pushrod to the clutch 
pedal. 

• Bleed the hy.draulic system. Refer to ,.Bleeding 
Hydraulic System,. in this section. 

7. Sound insulator panel. 
8. Negative(-) battery cable. 

CLUTCH PEDAL ASSEMBLY 
Figure 4 

l++l Remove or Disconnect 

I. Negative(-) battery cable. 
2. Sound insulator. 
3. Cruise control switch at the clutch pedal, if 

equipped. 
4. Clutch master cylinder pushrod. 

• Use a sharp knife to cut the bushing 
retaining tabs. 

5. Nut from the clutch pedal pivot bolt. 
• Pull the bolt out far enough to remove the 

pedal. 
6. Clutch pedal assembly. 

IL•l 1nspect 
• Clutch pedal assembly and replace as necessary. 

~ Clean 

• Bushings with a clean cloth. Do not . clean the 
bushings with cleaning solvent. 

l++l Install or Connect 
• Lubricate the clutch· pedal pivot bushing and 

moving parts. 
1. Clutch pedal assembly. 

• Push the clutch pedal pivot bolt back in. 

NOTICE: See "Notice" on page 7C-1 of this 
section. 

2. Clutch pedal pivot bolt nut. 

!~I Tighten 
• Nut to 35 N · m (25 lb. ft.). 

3. New bushing to the clutch pedal. rn Important 

• Install the flat side of the bushing toward 
the clutch pedal. 



4. Clutch master cylinder pushrod to the clutch 
pedal. 

5. Cruise control switch at the clutch pedal, if 
equipped. 

6. Sound insulator. 
7. Negative (-) battery cable. 

NEUTRAL SAFETY SWITCH 

E) Remove or Disconnect 

1. Negative (-) battery cable. 
2. Sound insulator. 
3. Neutral safety switch connector. 
4. Neutral safety switch. 

l++I Install or Connect 

1. Neutral safety switc;:h. 
2. Neutral safety switch connector. 
3. Sound insulator. 
4. Negative(-) battery cable. 

CLUTCH COVER, PLATE, FORK, AND RELEASE 
BEARING 
Figures 1 through 5 

I ++I Remove or Disconnect 

Tool Required: 
J 33169 Clutch Alignment Arbor (V6) or . 
J 5824-0 l Clutch Alignment Arbor (V8) 

1. Transmission, Refer to MANUAL 
TRANSMISSION (SEC 7B). 

2. Actuator and heat shield bolts. 
3. Heat shield. 
4. Actuator. 
5. Clutch housing cover. 
6. Clutch housing bolts. 
7. Clutch housing. 
8. Release bearing. 
9. Clutch fork with spring. 

• Slide the clutch fork from the ball stud and 
dust boot. 

• InstallJ 33169 (V6), orJ 5824-01 (VS) to support 
the clutch assembly during removal. 

• Look for the mark or the white painted letter on 
the clutch housing, and the "X" mark on the 
flywheel. If the marks · are not visible, _place 
matchmarks on the flywheel and clutch cover. 

10. Clutch cover-to-flywheel bolts. 
• Loosen the bolts evenly, one tum at a time 

until spring pressure is released. 
11. Clutch cover and plate assembly. 

IL'l'I Inspect 

• Flywheel for cracks, heat checking, or other 
defects. Replace or repair as required. Ref er to 
5.0 LITER VS (SEC. 6A3). 

• Pressure plate and flywheel face for oil, grease, or 
metal contamination, and for burned spots. 
Replace as necessary. 

CLUTCH · 7C-9 

• Pilot bearing for excessive wear or · damage. 
Replace if necessary. Refer to "Pilot Bearing" in 
this section. 

~ Clean 

• Pilot bearing. Lubricate the pilot bearing 
sparingly with machine oil. a Install or Connect 

Tool Required: . 
J 33169 Clutch Alignment Arbor (V6) or 
J 5824-01 Clutch Alignment Arbor (VS) 

NOTICE: See "Notice .. on page 7C-1 of this 
section for steps 2, 7, 8, and 12. 

1. Clutch cover and plate assembly to the flywheel, 
using J 33169 (V6) or J 5824-01 (V8). 
• The driven plate is installed with the 

damper springs toward the transmission. 
The flywheel side is marked. 

• Align the matchmark on the clutch cover 
and plate assembly with the matchmark on 
the flywheel. 

2. Clutch cover-to-flywheel bolts. 

f~I Tighten 

• Alternative bolts, one turn at a time to avoid 
distorting the clutch assembly. 

• Bolts to 21 N·m (15 lb. ft.) V-6. 
• Bolts to 40 N·m (30 lb. ft.) V-8. 

• Remove J 33169 or J 5824-01. 
• Lubricate the clutch fork ball socket and fingers 

at the release bearing using wheel bearing 
lubricant number 1051344, or equivalent. 

NOTICE: Ifreplacing the fork, install the correct 
part number. The V-6 and V-8 forks appear very 
similar. Installing the wrong fork may destroy the 
actuator. 

3. Fork .twith retaining spring onto the ball stud. 
• Replace the ball stud if worn or damaged. 

• Lubricate the recess inside the release bearing 
collar and the clutch fork groove using wheel 
bearing lubricant number 1051344, or equivalent. 

• Retaining spring tangs must be installed to the 
rear of the shoulder on the ball stud. 

4. Dust boot onto the clutch housing. 
5. Release bearing onto the clutch fork. 

• Clutch fork fingers and the retaining spring 
tabs must be installed in the release bearing 
groove. 

6. Flywheel housing. 
7. Flywheel housing bolts. 

l~I Tighten 
• Bolts to 47 N·m (34 lb. ft.) V-6. 
• Bolts to 95 N ·m (70 lb. ft.) V-8. 

8. Flywheel housing cover. 
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l~I Tighten E) Remove or Disconnect 

• Bolts to 6 N·m (53 lb. in.) 1. Driven plate assembly. Refer to "Clutch Cover, 
9. Transmission. Refer to MANUAL · Plate, Fork, and Release Bearing" in this section. 

TRANSMISSION (SEC. 7B). 
10. Actuator. 
11. Heat shield. 
12. Actuator and heat shield bolts. 

l~I Tighten 

• Bolts to 21 N·m (15 lb. ft.) 

KC0005-7C-F·RP 

Figure 5 - Release Bearing Lubrication Areas 

FLYWHEEL 

Figures 1 and 2 

2. Flywheel-to-crankshaft bolts. 
3. Flywheel. 

f-++f Install or Connect 

l. Flywheel. 

NOTICE: See "Notice" on page 7C-l of this 
section. 

2. Flywheel-to-crankshaft bolts. 

f~I Tighten 

• Bolts to 70 N·m (52 lb. ft.) V-6. 
• Bolts to 100 N·m (74 lb. ft.). V-8. 

3. Driven plate assembly. Refer to "Clutch Cover, 
Plate, Fork, and Release Bearing" in this section. 

PILOT BEARING 
Tool Required: 

J 23907 Clutch Pilot Bearing Remover 

j+-+f Remove or Disconnect 

1. Driven plate assembly. Refer to "Clutch Cover, 
Plate, Fork, and Release Bearing"' in this section. 

2. Pilot bearing from the crankshaft using J 23907. 

!-++I Install or Connect 

1. Pilot bearing into the crankshaft. 
• Use a bearing driver that contacts the outer 

race only. 
• Lubricate the pilot bearing sparingly with 

machine oil. 
2. Driven plate assembly. Refer to "Clutch. Cover, 

Plate, Fork, and Release Bearing" in this section. 

SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

Clutch Reservoir:.to-Mounting Bracket ........................ ..................................... 6 N·m (53 lb. in.) 
Clutch Master Cylinder-to-Cowl .. ............... ....... ....... .. ... .......................... ...... 13 N·m (115 lb. in.) 
Brake Vacuum Booster-to-Cowl .............. ......................................................... 21 N ·m (15 lb. ft.) 
Heat Shield-to-Clutch Housing ........... .............................................................. 21 N · m (15 lb. ft.) 
Actuator-to-Clutch Housing ................ ............................................................. 21 N·m (15 lb. ft.) 
Clutch Pedal-to-Mounting Bracket ...... .. ............................................ ..... .. : ....... 35 N·m (25 lb. ft.) 
Neutral Start Switch ............ .. ... ............. ................................ ............ .................. 3 N·m (27 lb in.) 
Pressure Plate-to-Flywheel 

V6 .. ............................ ................... ............. .............. ................ ......... ........... ... 21 N·m (15 lb. ft.) 
V8 ............... .............................. .............. .......... ................... ... ........................ 40 N ·m (30 lb. ft.) 

F1ywheel-to-Crankshaft-V6 ........................... .................................................... 70 N·m (52 lb. ft.) 
F1ywheel-to-Crankshaft-V8 ..................... ............ ..... ..................... ...... ............ 100 N·m (74 lb. ft.) 
Clutch Housing-to-Engine 

V6 ........... .. .......................... ........... .................... .. .. .. ....................................... 47 N·m (35 lb. ft.) 
VS .................... ..................................................................... ........ ..... .............. 95 N ·m 70 lb. ft.) 

Clutch Housing Cover .... .. .................. .... ..... ..... ...... .... ........ ............ .................... 8 N · m (71 lb. in.) 
Bleeder Screw .................................... ............................... ........................... ...... : 2 N · m ( 18 lb. in.) 
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INTRODUCTION 

DIAGNOSTIC INFORMATION 
This manual contains the following kinds of 

diagnostic information: 

• Electrical Schematics 

• Componeot Location Lists 

• Harness Connector Faces 

• Troubleshooting Hints 

• System Checks 

• System Diagnoses 

• • Circuit Operation Descriptions 

• Harness Routing Views 

• Input Tests (with built-in self-diagnostic 
system) 

Using these elements together will make elec
trical troubleshooting faster and easier. Each ele
ment is described below. 

The Electrical Schematic should always be 
your staning point in using this Electrical 
Troubleshooting Manual. The schematic shows 
the electrical current paths when a circuit is oper
ating properly. It is essential to understand how a 
circuit should work before trying to figure out 
why it doesn't. 

The Component Location List helps you find 
where the parts of a circuit are in a vehicle. A 
brief statement of the location is given and also a 
reference to a drawing that shows the component 
and its connecting wires. These Component Lo· 
cation Views are in cell 201. 

The Harness Connector Faces show the cav
ity or terminal locations in all the multi-pin con
nectors shown in the schematic. Together with 
the wire r ··s and terminals given in the sche-

matic, they help you locate test points. The draw
ings show the connector faces you see after the 
harness connector has been disconnected from a 
component. When more than one connector is 
connected to a component the connectors are all 
shown together. 

The Troubleshooting Hints offer short-cuts or 
checks to help you determine the cause of a com
plaint. They are not intended to be a rigid proce
dure for solving an electrical situation. Rather, 
Troubleshooting Hints represent a common-sense 
approach, based on an understanding of the cir
cuit. 

The System Check gives a summary of how 
the circuit should be operated and what should 
happen. This is especially important when you 
are working on a new system. This information is 
generally supplied in table form. In the first col
umn the various control settings are listed, and in 
the second column the proper operation of the 
circuit is described. The System Check will help 
you identify symptoms that will lead you to diag
nose the complaint and confirm the system after 
repair. 

The System Diagnosis provides a procedure 
to follow that will locate a faulty condition in a 
circuit. If your own knowledge of the system and 
the Troubleshooting Hints have not produced a 
quick fix, follow the System Diagnosis. All proce
dures are based on symptoms that lead to Test 
Tables. An example of a commonly used type df 
table is given in figure 1 (facing page) with an 
explanation of each of its parts. These tables will 
assist you in locating the condition quickly. 

The Circuit Operation will help you to under
stand the circuit. It describes the components and 

how the circuit works. 

Harness Routing Views are found in cell 203. 
These views show routing of the major wiring 
harnesses and the in-line connectors between the 
major harnesses. These views will make trouble
shooting easier when you are not sure about har
ness routing. 

If the system you are troubleshooting has a 
built-in self-diagnostic system, the Input Test 
sections permit you to use the Body Computer 
(BCM) to troubleshoot circuits that interface with 
the BCM, ECM and IPC. The step-by-step test 
procedures in cells 300 (ECM Input Tests), 301 
(BCM Input Tests), and 302 (Instrument Panel 
Input Tests) shquld be used after a circuit prob
lem is isolated by using the System Diagnosis. 
The System Diagnosis procedures direct you to 
the proper Diagnostic Test procedure. 

PAGE NUMBER 

This section is organized into cells with most 
cells containing a circuit schematic and the text 
for that circuit. This makes the section easy to 
use, since the page number for a schematic will 
normally stay the same year after year, and it will 
also be the same in all the GM publications about 
that circuit. For example, the Cruise Control 
schematics will always be the first pages of cell 
34 (pages 34-0, 34-1). The other information for 
Cruise Control follows them on pages 34-2, 34-3, 
etc. 

Some cells may have more than one circuit 
schematic, such as Power Distribution, Interior 
Lights, and Air Conditioning. The circuit sche
matic you want can be located by using the in
dex, or by a quick look through the related cell. 
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INTRODUCTION 

All the engine circuits for a particular engine 
VIN type are in the same cell. This makes the 
cell easy to use, since schematics for other cars 
are not in your way. The instrument panel sche
matics are organized similarly. If you are working 
on a car with a Digital Cluster, only the schemat
ics that apply to that car's Digital Cluster will be 
in the cell you use. Information on the Indicators 
(Standard) and Gages Clusters will be in other 
cells. 

Action to ba tak 
Quantity to 
be measured 

Settings of con 
or modifications 
circuit 

Points at wh 
measuremen 
Is to be mad 

Chang 
Condit 
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rI 

In { 
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L: BLANK TACHOMETER DISPLAY TEST - Test Name 

~Measure· OLTAGE 
At: CONNECTOR C280 (FEMALE HALF) 

(Disconnected) 

Conditions: 
• Ignition Switch: RUN 
• .Light Switch: PARK or HEAD 

Measure Correct For 
Between Voltage Diagnosis 

A (PNK/BLK) 
Battery See 1 & Ground 

A (PNK/BLK) 
Battery See 2 & C (BLK) 

D (BRN) & 
Battery See 3 Ground 

• Vary dimmer control setting 

F (BRN) & Varies from 0 

Ground volts to 16 See 3 
volts 

• If all voltages are correct, check wires 
leading to Tachometer. Replace Tachometer 
if wires are OK. 

1. Check PNK/BLK (39) wire for an open 
(see schematic). 

2. Check/repair BLK (150) wire for an open 
(see schematic). 

3. See Cell SA-114 {Interior Liehts Dirnmin2). 

Figure 1 - Typical Test Table 
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INTRODUCTION 

SCHEMATICS 
These schematics break the entire electrical 

system down into individual circuits. You are not 
distracted by wiring which is not part of the cir
cuit you're working on. 

It is important to realize that no attempt is 
made on the schematic to represent components 
and wiring as they physically appear on the car. 
For example, a 4-foot length of wire is treated no 
differently in a schematic from one which is only 
a few inches long. The number of cavities for 
each connector is listed in the Component 
Location List rather than illustrated. Similarly, 
switches and other components are shown as 
simply as possible, with regard to function only. 

The following example shows how to read a 
Hom schematic, see figure 2. Locate the Horn 
schematic using the Index. The circuit schematic 
will look somewhat like the one to the right. The 
schematic is read from top to bottom. 

Voltage is applied to the Horn Relay at all 
times. When the relay coil is grounded by closing 
the Horn Switch, the relay contacts close. When 
the relay contacts are closed, both the LH and 
RH Horns are energized. 

HORN 
I HOT AT ALL TIMES I 
fr---------•1 FUSE I CLK/CIG FUSE : BLOCK 
I 20 AMP I 
I I L __________ J 

1 ORN 140 
SEE FUSE 

1 ORN 40 CELL 11 

S212 •--... BLOCK --! DETAILS 

r----- --------------------, CONVENIENCE 
I A I . 
1 .----.•---------. HORN I CENTER 

1 I 1'~ I t 1u-.-:----------~1\ ~1 
.35 ~ J!------~-;;;,-.;-,;J!------J 

G • C201 G1 I C100 

.8 BLK I 28 

HORN 
SLIP~ 

STEERING 
~ 

RING l 
BU< 28 

HORN 
SWITCH 

Figure 2 

1 DK GRN 29 
1 DK GRN 

S139 •~~-------29 

1 DK 

1 DK 
GRN I 29 

.8 BLI(/ 

GRN I 29 
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~ 
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va I 1s2 -..ill SEE GROUND ,=-~ DISTRIBUTION 
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Typical Horn Schematic 
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INTRODUCTION 

COMPONENT LOCATIONS 
When you are ready to locate the schematic 

components on the car, use the Component Loca
tion List, see figure 3. 

Listed in the left hand column are the compo
nents shown on the schematic. Next to-the Con
venience Center is the location, "Under LH side 
of J/P." Reference to LH and RH is made as 
though the troubleshooter was sitting in the driv
er's seat. On the same line, in the far right col
umn, is a page-figure reference. In this case, you 
are directed to figure A on page 201-6. 

When connectors are listed, the nwnber of 
cavities is provided. This represents the total 
number of cavities in the connector, regardless of 
how many are actually used. This information is 
provided to help you identify connectors on the 
car. 

Grounds are listed next in the table. The loca
tion description for 0101 reads, "LH front of en
gine compartment, behind headlights panel." You 
are directed to page 201-8, figure D. 

Nearly every component, connector, ground, 
grommet, or splice shown on a schematic can be 
pin-pointed visually by using the Component Lo
cation Views' figures. 

COMPONENT LOCATION 

COMPONENTS 

Convenience Center . . . . . . . . . . . Under LH side of 1/P 
Fuse Block . . . . . . . . . . . . . . . . . Under LH side of 1/P 
Horn Brush/Slip Ring . . . . . . . . . . Under steering wheel 
Hom Switch . . . . . . . . . . . . . . . . Under steering wheel 

CONNECTORS 

Page-Figure 

201-6-A 
201-6-A 
201-S-E 
201-S-E 

C100 (46 cavities) ............. LH side of dash ..................... 201-S-B 
C201 (11 cavities) ............. Under LH side of J/P, near ClO0 .......... 201-5-F 

GROUNDS 

0101 .................... LH front of engine compartment, behind 
headlights panel .................... 201-8-D 

SPLICES 

S139 ..................... Front lights harness, behind LH front light panel 201-8-C 
S212 .................... 1/P harness, . behind 1/P, above steering column .. ·. 201-6-B 

Agure 3 - Typical Entries In The Component Location Ust 

- ~ : 

i 
()' 

1! 
C 
i=: 
I:) 

~ -

~ 

~ I . 
I\) 
• w 



INTRODUCTION 

HARNESS CONNECTOR FACES 
The connectors, see figure 4, are labeled with 

the component they are connected to, or the con
nector nwnber from the schematic where they 
appear, and their color. The identifying nwnber 
is for reference only; it is not the connector part 
nwnber. For in-line connectors, the half shown is 
usually the Socket Half. If both views are shown, 
the other half is the Pin Half. 

If you need to backprobe a connector while it 
is on the component, the order of the terminals 
must be mentally reversed. The wire color is a 
help in this situation. If there is more than one 
wire of the same color, you may need to locate a 
test point from its terminal nwnber. A useful 
trick is to imagine that you are probing a termi
nal from behind the page you are looking at. 
Then mentally locate that terminal with respect to 
the keyway or other reference mark. 

BLK 

C409 
V04010.2 

C3 BLU 

C2 WHT 

C1 BLK 

RADIO 

V00010 

h~lB~I 
WHT 

COURTESY LIGHT DELAY TIMER 
V00618.D 

BU< 

HORN RELAY 
V0023t .6 

Figure 4 - Typical Harness Connector Faces 
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INTRODUCTION 

OTHER INFORMATION 
Body Part Names 

Refer to figure 5 for correct body part names. 

VIN References 

If schematics for more than one variation of 
an engine type - V6, for example - are shown, 
then the schematics will be labeled with VIN 
designations to distinguish the variations. 

Service Parts Identification Label 

To aid service and parts personnel in 
identifying options an.d parts originally installed, 
a Service Parts Identification Label has been 
placed in the car. See the General Information 
Section OA of the Chassis Service Manual for the 
location of the label and the definition of the 
option codes. 

Abbreviations 

AJC - Air Conditioning 

8CM - Body Computer Module 

ECM - Electronic Control Module or Engine 
Control Module 

1/P - Instrument Panel 

RH - Right Hand, as seen from driver's · seat 

LH - Left Hand 

Not Used - The connector cavity has no function. 

WINDSHIELD 
HEADER 

PILLAR 
LH "C" 
PILLAR 

Figure 5 - Body Part Names 
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INTRODUCTION 

POWER DISTRIBUTION 

The Power Distribution schematic shows the 
wiring from the Battery and Generator to the 
Starter Solenoid, Fuse Block, Ignition Switch and 
Light Switch. The first component after a Fusible 
Link is also shown. In certain instances, · the first 
component after a Fuse Block fuse · and Light 
Switch is also shown. 

The Power Distribution schematic refers to 
Fuse Block Details and Light Switch Details sche
matics. By using these three (3) schematics, 
power distribution wiring can be followed from 
the Battery and Generator to the first component 
after a Fusible Link, Fuse and Light Switch. The 
ability to follow the power distribution wiring to 
the first component in each circuit is extremely 
helpful in locating short circuits which cause fusi
ble links and fuses to open. 

Figure 6 is a sample Power Distribution sche· 
matic. It shows how voltage is applied from the 
positive Battery terminal to the various circuits 
on the car. For example, Battery voltage is ap
plied to the Starter Solenoid, Fusible Link D, the 
RED wire and connector C 100 to Fuse 1 and 
Fuse 2 in the Fuse Block and the Light Switch in 
the LH Pod. These fuses are said to be "Hot At 
All Times", since Battery voltage is always ap-
plied to them. · 

Notice that Battery voltage is also applied to 
Fusible Link F and the RED wire to the Coolant 
Fan Relay. 

POWER DISTRIBUTION 
c::?nA A5 3 RED FUSIBLE LINK D 

3 RED e 3 RED ~ 

2 I 2 C100 2 V6 VIN L 1 RED : 

3 RED 12 

I HOT AT ALL TIMES I 
,-------------- ----1 FUSE 

FUSE 2 : BLOCK 

20 AMP I 

• 
: )FUSE1 
: \ 20 AMP 
I 
L 

.a ORN I 240 

C1 

I 
I 

..__,--;--.J 
SEE FUSE 
BLOCK 
DETAILS 
CELL 11 

L4 VIN U 1 BLK I 
I 

FUSIBLE LINK F I 
I 

V6 VIN L .8 GRN I 

L4 VIN U 1 BLK l 

STARTER 
SOLENOID 

r-..... -., 
I I 
I I 
I I 
I I 
L.,!'='J 

.._. ___ , LH 

1-
UOHT I POD 

I - ~ ~SWITCH: 

V6 VIN L 2 RED I 2 
L4 VIN U 3 RED 

I HEAID HEA)D OFF : I , ....... OFF , I 
I PARK PARK I 
I ='D p/ I I: , I 

~=--cl~-------,-----~ 
1 YEL 10 " 

VS VIN L L4 VIN U 

.. -:I· ·•~1, 

L4 VIN U 19 BU< 
V6 VIN L 32 BU< 

I 
2 

+I BATTERY 

19 BLK I 
-'- 0100 

,----, SEE LIGHT 
1 1 SWITCH 
I I DETAILS 

r• --, COOLANT r•--, COOLANT 

1 1 CELL 12 
L---J 
HEADLIGHT 
DIMMER SWITCH 
CELL 100 

I I FAN 
I I RELAY 
1.---J CELL 31 

I I FAN 
1 1 RELAY I 1 __ 

L---J CELL 31 

1ura 6 - Typlcal Power Distribution Schematic 
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INTRODUCTION 

FUSE BLOCK DETAILS 

The Fuse Block Details schematic shows all 
the wiring between a fuse and the components 
connected to the output of the fuse, see figure 7. 
In certain instances where space permits, this de
tail is shown on the Power Distribution sche
matic. The Fuse Block Details schematic is ex
tremely helpful in locating a short circuit that 
causes a fuse to open. 

FUSE BLOCK DETAILS (FUSE 1 AND FUSE 2) 

I HOT AT ALL TIMES I 
r•---------•-• ---•----------------~ I :Ml 
I Blll...1. EY§ll I BLOCK 
I 20 AMP 20 AMP I 
L. •••••••••••••••••----~ •••••••• J 

.8 ORN I 340 

.a ORN 102 .a ORN 

340 

.8 ORN I 240 
.8 ORN I 340 

.8 ORN I 340 .8 ORN I 340 

A r--••--, 
I I 
I LIGHT I 
I SWITCH I 
'-------J 
.bt!..e9P 
CELL 12 

__ LH ARH ....... .... .... 
I \ I \ 
\ I \ I .... ., .... ., 
COURTESY LIGHTS 
CELL 114 

A~fil. r---, 
I I 
I I 

I I 
L. ..... 

ANTENNA 
RELAY 
CELL 161 

AS.c231 

.8 ORN I 340 

,8 ORN 

...... 
I \ 
\ I .... ., 

CONSOLE REAR 
COURTESY LIGHT 
CELL 114 

Figure 7 - Typical Fuse Block Details Schematic 
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INTRODUCTION 

LIGHT SWITCJ-i DETAILS 
The Light Switch Details schematic shows the 

wiring between the Light Switch and the compo
nents qmnected to the output of the Light Switch, 
see figure 8. In certain instances where space 

LIGHT SWITCH DETAILS 

permits, some of this detail may be shown on the 
Power Distribution schematic. The Light Switch 
Details schematic helps you understand the many 
wires that come from the Light Switch. 

I HOT AT AU TIMES I . 
r- -------------~----, LIGHT 1 1 swif'CH I 1-- -
I I 
I ------- I 

: HEADl HEA~D OFF : I ,._, OFF , I 
I PARK PARK I 
I / - / I 

This schematic is also helpful in locating a short 
circuit that causes the fuse ahead of the Light 
Switch to open. 

L-~- -~~---~;,-~S,._J 
.a BRN .a BRN 9 .a BRN 

I a .a BRN ,lfj, s a a I 
.. 
I 
I 
I 
I 
I 
L 

,8 LT 
GRN/ 
BU( 

FUSE 
BLOCK ------ .. I 

BlR.1.0: 
I AMP : ----~-J 
909 

.a 
·&RN 

9 .8 BRN 

9 
c-~ 

F .8 BRN 

QiQ!.9 

.a BRN Ja 
.-------~ - a 

9 

.a 
BAN 9 

.a 
BRN 9 

,8 
BRN 9 

.a 
BRN 9 

.8 
BRN 9 INTERIOR 

LIGHTS 
Cell 114 BA.C208 .8 BAN 9 

r--.n;--
1 I 
I I ,.., 
I I / \ 
I I \ I 
L---J ...,.., 

,--, ----, 
I \ I \ 
\ I\ I , __ .,,, ...., __ ., 

BAl2IQ.Yf 
CELL MARKER 

LH TAIL 
l.lWfI§ 
CELL 110 160 Y9tlI. 

Cell 110 

,, ,--, ---,. ; 
I \ I \I \ I \ 
\ I \ I\ I \ I ....,.,,, ____ ., ..._ ___ ., .... .,,, 

LICENSE RH TAIL 81::1 
.wt:1I. LIGHTS MARKER 
CELL 110 CELL 110 LIGHT · 

CELL 110 

.8 BRN 

9 

.8 BRN 

e1.a,~ 
.8 BRN 9 _ 

.... a.a.RN __ .-il!s •'•0•3 •---
a ii•" a 

.8 BRN 9 
.8BRN 19 ,BBRN 19 

A'Cln. .8 BRN 9 
r- --, 
I I 

,--. , .... , 1 I ,-.-, ,, 
I \ I \ :~ I' \' \ ,...,..,I \. __ _.., L---.1 ,..., __ ...,I \...,_.I 
Yi IJ:l UNDER• RH FRONT Btt 
E8Qtil' fBQtil HQQJ2 eA.BKL. EBQtil' 

BRN 

E1 

.a 
BRN 

2 

9 

~ 

9 

r---, 
I I 
I I 
I I 
I I 
L---.1 

,-~---r---, 
I r--.0---, I I I AUDIO I I 
I I ALARM I 1 
I I MODULE I I 
I L-------.1 I L----•-ac-~ 

CONVENIENCE 
CENTER 

MARKER WW. LIWiI IUBN... MARKER 

AUTO 
CALCULATOR 
CELL 85 CELL 715 

LIGHT IUfilL CELL b!Qlil. l.liiHJ 
CELL Y9l:II. 114 CELL 110 CELL 110 
110 CELL 110 

Figure 8 - Typical Light Switch Details Schematic 
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INTRODUCTION 

GROUND DISTRIBUTION 

Figure 9 is a sample Ground Distribution 
schematic• for the Headlights. It shows exactly 
which components share each ground. This infor
mation can often be a time-saver when 
troubleshooting ground circuits. 

For example, if both Headlights and the Park/ 
Turn Light on one side are all out, you could sus
pect an open in their common ground wire or the 
ground connection itself. On the other hand, if 
one of the lights works, you know that the ground 
and the wire up to the splice are good. You have 
learned this just by inspecting the schematic and 
knowing the vehicle's symptoms. No actual work 
on the lighting system was needed. 

GROUND DISTRIBUTION (G101 AND G102) 

FRONT LIGHTS GROUNDS 

.!:!:I 

.EBQtil 
PARK/TURN 
LIGHT ,--... 
I \ 
\ I 
--~~-' 

Y:! 
HIGH BEAM 
HEADLIGHT , .... 

I \ 
\ I ~--

!Ji 
DUAL BEAM 
tLE.AJ)LIGH,I 
,--, 

I \ 

' ' .... ~~ ... 

mi 
DUAL BEAM 
HEADLIGHT ----, I \ 

\ I -----

fil! 
HIGH BEAM 
HEADLIGHT , .... 

I \ 
\ I 
~ 

mt 
fBQNI 
PARK/TURN 
J.!mtI ,-.-, 

I \ 
\ I -----

.8 BLK I 150 .8 BLK I 150 .8 BLK I 150 .8 BLK/WHT I 151 .8 BLK/WHT I 161 

.8 BLK/WHTI 151 

-=-=--m•---=--.. -11§ 

.8 BLKI 150 ,I BLK/WHT 11151 

-=-- 0101 '=~ 

Figure 9 - Typlcal Ground Distribution Sch~matlc 
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SYMBOLS 

ENTIRE 
COMPONENT 
SHOWN 

SCREEN USED 
TO EMPHASIZE 

~ 
COMPONENT r---

1 PART OF A 
: 1 · COMPONENT . 
I I SHOWN 
L---.1 

NAME OF 

~ 
PARK . __.- COMPONENT 
BRAKE .--
SWITCH 

CLOSED WITH DETAILS ABOUT 
-=- PARKINQ ~ COMPONENT 

BRAKE ON OR ITS 
OPERATION 

FUSIBLE LINK 

~

CONNECTS'TO 
SCREW TERMINAL 

□----i~BLE (SHOWN SEPARATED) 

LINK 

1 RED - 2 ~ CIRCUIT NUMBER 

I . WIRE SIZE ANO 
INSULATION COLOR 

HOT IN ACCY OR RUN ~ INDICATES POWER l"'r------, FUSE 18 SUPPLIED WITH 
I I BLOCK IGNITION SWITCH IN 
: RADIO :--- ACCY AND RUN 
I 10 AMP I POSITIONS 

L ----~ 

I LABEL OF FUSE 
(ORN) ' BLOCK CONNECTOR 

COLOR OF CAVITY 
FUSE BLOCK 
CONNECTOR 

ITT CIRCUIT LlJ BREAKER 

1 
FEMALE TERMINAL 

/ CONNECTOR 

'

~..,-- IS NUMBERED 

MALE TERMINAL 

l r---, 
I I 
I I 
I I 
I I 
L---.1 

CONNECTOR 
ATTACHED TO 
COMPONENT 

6 LTBLUl4 l II YEL 237 

TWO TERMINALS 
IN SAME 
CONNECTOR 

d" DASHED LINE 
SHOWS PHYSICAL 
CONNECTION 

.5 GRYI 11 

r-•-, 
I I 
I I 
I I 
I I 
L---.1 

CONNECTOR ON 
COMPONENT 
LEAD CPIQTAIL) 

CONNECTOR NUMBER 

~ 
3 CONNECTORS ARE 
SHOWN CONNECTED 
TOGETHER AT A 
JUNCTION BLOCK. 

~ FOURTH WIRE IS 

TB IMJ~ SOLDERED TO COMMON 
· CONNECTION ON BLOCK 

1 YELi BB 

- .6 YEL 

C215 -,-= 
.II YEL 88 

1 ORN140 

VII VIN L L4 VIN U 

I C309 

1 ORN 40 I C309 

.5 ORN 40 

.6 R~ l2 
e 8200 .-

.6 RED 12 .,.◄If----

.8 PNK/BLK 1239_ 
] [ P404 .,.._ 

~ 

LETTERS FOR EACH 
CAVITY 

3 WIRES ARE SHOWN 
CONNECTED 
TOGETHER WITH A 
PIGGYBACK 
CONNECTOR 

WIRE CHOICES 
FOR OPTIONS 
OR DIFFERENT 
MODELS ARE SHOWN 
AND LABELED 

WIRE SIZE AND 
INSULATION 
COLOR ARE LABELED 

SPLICE IS 
NUMBERED 

CIRCUIT NUMBER 18 
SHOWN TO HELP IN 
TRACING CIRCUITS 

GROMMET IS 
NUMBERED 

WIRE INSULATION 
IS ONE COLOR 
WITH ANOTHER 
COLOR STRIPE 
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SYMBOLS 

.5 RED 2 ---- MEANS A WIRE IS l 
A WAVY LINE 

,.---- TO BE CONTINUED 

·~i 
TO GENERATOR 30 

1 DKORNl19 

EXTERIOR 
LIGHTS 110 

0 
L.~ 

CURRENT PATH 
IS CONTINUED 
AS LABELED. 
ARROW SHOWS 
DIRECTION OF 
CURRENT FLOW 
AND IS REPEATED 
WHERE CURRENT 
PATH CONTINUES 

A WIRE WHICH CONNECTS 
TO ANOTHER CIRCUIT. 
THE WIRE IS SHOWN 
AGAIN IN THAT CIRCUIT. 
ARROW SHOWS DIRECTION 
OF CURRENT FLOW 

COMPONl!NT CASE IS 
DIRECTLY ATTACHED TO 
METAL PART OF CAR 
(GROUNDED) 

WIRE IS ATTACHED TO 
METAL PART OF CAR 
(GROUNDED) 

GROUND IS NUMBERED 

I WIRE IS INDIRECTLY 
CONNECTED TO GROUND 

I GROUND 
DISTRIBUTION 

114 

= 0101 

3BU<l50 ,..~ I DISTRIBUTION 
, 14 

..a. 0200 = --

BROKEN WIRE INDICATES 
THAT CIRCUITRY IS NOT 
SHOWN IN COMPLETE 
DETAIL BUT IS COMPLETE 
IN THE INDICATED CELL. 
ARROW SHOWS DIRECTION 
OF CURRENT FLOW 

w MULTI-POSITION 
SWITCH 

ll 4l 9WITCH CONnrAC,$T1<AT MOVE TOGETHER 

- .. - DASHED LINE SHOWS A 
MECHANICAL CONNECTION 
BETWEEN SWITCH CONTACTS 

RELAY COIL 

RELAY SHOWN 
WITH NO CURRENT 
FLOWING THROUGH 
COIL 

NORMALLY NORMALLY 

WHEN CURRENT 
FLOWS THROUGH 
COIL, CONTACT 
MOVES TO 
NORMALLY OPEN 
POSITION 

OPEN CLOSED 
CONTACT CONTACT 

DJ] 

[]] 

HEAT ACTUATED 
CONTACT 

HORN 
OR 
SPEAKER 

SOLENOID 
OR 
COIL 

[I] 
RESISTOR 

rn VARIABLE 
RESISTOR 

[E] POTENTIOMfiTEII 

[l] 
CAPACITOR 

~

SLIPRINO 

OTOR 
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[E 
CRYSTAL 
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SYMBOLS 

r-~----------1 
I A I 
I CD "BRAKE" I 
: INDICATOR : 
I .(RED) I L_r __________ J 

© LIGHT 
EMITTING 
DIODE 

INDICATOR 
WHICH DISPLAYS 
THE LIGHTED 
WORD "BRAKE" 

~ PHOTO 
SENSITIVE 
TRANSISTOR 

rn 
~ 
CURRENT FLOWS 
ONLY IN DIRECTION 
OF ARROW 

r--~1--------------, ELECTRONIC 

I --------, 5 VOLTS BAT I CONTROL 

I 1 1 MODULE 

I .n.n..n.. (ECM) 
I '-----....... 6 VOLTS ---1 I SOLID 
I STATE 

L.-- ----r- --f-tl.l • SOLID STATE" IDENTIFIES 
B r 1 1 MODULE AS ELECTRONIC. 

"- SIMPLIFIED COMPONENTS 
T', WITHIN THE MODULE SHOW 

HOW EACH CIRCUIT IS 
COMPLETED 

TRANSISTOR SHOWN 
AS SWITCH 

INDICATES 
PULSING OUTPUT 

WITH NO LOAD ON THIS 
CIRCUIT, 5 VOLTS WILL 
BE MEASURED USING A 
HIGH IMPEDANCE DIGITAL 
VOLTMETER 

5 VOLTS WILL BE 
PRESENT WHEN BATTERY 
VOLTAGE IS APPLIED 
BETWEEN TERMINALS 
"A" AND "B" 

TANK O
VACUUM 

T
BLUE BAO' 

HOSE 
COLOR 

VACUUM JUNCTION 

~ 
VACUUM 

► soURCE 
(SHOWN WITH 
NO VACUUM) 

VACUUM 

CHECK 
VALVE 

◄ ► 
NO FLOW EASY FLOW 
DIRECTION DIRECTION 

NO VACUUM VACUUM ... ... 

tJ VACUUM ACTUATOR 
(SINGLE DIAPHRAGM , 
TWO POSITION) 

~ ► PARTIAL VACUUM 

CTUATOR 
VACUUOM ~ULTIPLE (SERV , 

NO VACUUM ... 

----s 

T 
NO VACUUM 

POSITION) 

VACUUM ACTUATOR 
(DOUBLE DIAPHRAGM, 
THREE POSITION) 
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SYMBOLS 
SOLID STATE SYMBOLS 

A group of special symbols is used to repre
sent electronic circuits used in solid state mod
ules. These symbols are greatly simplified ver
sions of the actual circuits. They can be very use
ful for troubleshooting purposes if properly used. 
It is imponant to remember that these . symbols 
apply only to modules with all connectors in 
place and supply voltages on. 

OUTPUTS 

The Solid State Switch (Figures 1 and 2) is 
used to turn on a circuit outside the module. 
When the switch closes, the_ voltage or ground 
shown will be applied to the connected circuit. 
Additional information about what makes the 
switch close is often provided. The voltage con
trolled by the switch may be measured just as if 
it were a mechanical switch. 

..------------, 
I VOLTAGE I 

I l I I OUTPUT I 
I NAME I 
I I 

L __ ~1Jl!~_J 
l 

Figure 1 

r r-;-------, I I 
I OUTPUT I 
I NAME I 
I I 
: -1SOUD : 
I STATE I 

L---•------...1 

Figure 2 

These symbols (Figures 3 and 4) are similar 
to the Solid State Switch. The pulses represent 
the rate at which the switch is turned on and off. 

r--------------, 
I VOLTAGE PULSES I 
I 1:,. EVERY I I 112 I 
I I 
I .1\.1\t\. SECOND 1 
I I 
I -10UTPUT I L ___ .N!'!-1! ______ J 

l 
Figure 3 

r 
r-;-o~;;--p~~;E~l 
: NAME EVERY : 
I 1/2 I 
I .1\.1\t\. SECOND1 
I lSOLID I 
: - STATE I 
L---~•-•-------~ 

Figure 4 

These two symbols (Figures 5 and 6) are spe
cial versions of the Solid State Switch. They rep
resent serial data inputs and outputs. Serial data 
consists of coded groups of voltage pulses trans
mitted at high speed. These pulses cannot usually 
be measured with a Digital Voltmeter. There are 
cases however where procedures in System Diag
nosis may describe such measurements. A Scan 
tool can often read and display this data. 

l I 
r:~.;;:;---1----7 r"'f;o~;;;;------, 

OUTPUT 
NAME 

-1 
L----~---------~ 

DATA OUTPUT 

Figure 5 

t ~ DATA 
IN 
DATA _

1 
OUT 

L---------------~ 
DATA INPUT AND OUTPUT 

Figure 6 

INPUTS 

These symbols (Figures 7 and 8) represent 
the equivalent circuit at the input terminals of 
electronic modules. You should not attempt to 
measure the resistance of these terminals unless 
instructed to do so by a service procedure. These 
inputs can be used to check wiring to electronic 
modules as shown under Troubleshooting Tests 
(Cell 4). 

r-----------, 
•voLTAOE I : 1 : I I 
I I 
I INPUT I 

L__ ---~~~1:.J 

r-f------, I INPUT I 
I NAME : 
I I 
I I 
I I L--•~-------...1 

Figure 7 F1gure 8 
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TROUBLESHOOTING PROCEDURES 

The following four-step troubleshooting pro-
cedure is recommended. I HEADLIGHTS 

Step 1: Check the problem 

Perform a System Check to be sure you un
derstand what's wrong. Don't waste time fixing 
pan of the problem! Do not begin disassembly or 
testing until you have narrowed down the possi
ble causes. 

If the system you are troubleshooting has a 
built-in self-diagnostic system, enter diagnostics 
and check for trouble codes. Refer to the appro
priate section of the Service Manual. 

Step 2: Read the Electrical Schematic 

Study the schematic. Read the Circuit Opera
tion text if you do not understand how the circuit 
should work. Check circuits that share wiring with 
the problem circuit. The names of circuits that 
share the same fuse, ground, switch, etc., are in
cluded on each electrical schematic. (Shared cir
cuits are also shown on Power Distribution, 
Ground Distribution, Fuse· Block Details, and 
Light Switch Details pages.) Try to operate the 
shared circuits. If these circuits work, then the 
shared wiring is OK. The cause must be within 
the wiring used only by the problem circuit. If 
several circuits fail at the same time, chances are 
the power (fuse) or ground circuit is faulty. 

Step 3: Find the Cause and Repair 

• Narrow d~wn th~ possible causes. 
• Use the Troubleshooting Hints. 

• Make the necessary measurements as given in 
the System Diagnosis. 
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TROUBLESHOOTING PROCEDURES 

• Before you replace a component, check power, 
signal, and ground wires at the component 
harness connector. If these are OK, the com
ponent must be bad. 

Step 4: Test the Repair 

Repeat the System Check to be sure you have 
fixed the whole problem. 

Example 
A customer brings in a car and says that the 

high beams do not work. 

Step 1: Perform a System Check on the Head
lights Circuit. You may discover that both low 
beams operate. In HI, you may notice that the 
High Beam Indicator comes on, but neither high 
beam operates. 

Step 2: Read the Headlights electrical schematic, 
see figure 9. This is the step that will save you 
time and labor. Remember, it is essential to un
derstand how a circuit should work, before trying 
to figure out why it doesn't. 

After you understand how the circuit should 
operate, read the schematic again, this time keep
ing in mind what you have learned by operating 
the circuit. 

Since bo_th low beams work, you know that 
the Light Switch, the YEL wire, the Lo contacts 
of the Headlight Dimmer Switch, terminal 1B of 
Cl00, the TAN wires, and grounds 0105 and 
0109 are all good. 

Furthermore, since you saw that the High 
Beam Indicator came on when the Headlight 
Dimmer Switch was moved to HI, you know that 
the Hi contacts of the dimmer switch and the LT 

ORN wire between the dimmer switch and ClO0 
are good. 

At this point, you could test for voltage at the 
RH Headlight with the dimmer switch in HI. 
However, it is extremely unlikely that the high 
beam filaments have burned out in both head
lights, or that both headlight connections are bad. 
The cause must be a bad connection at ClO0, or 
a break in the LT GRN wire between ClO0 and 
the RH Headlight. 

You have quickly narrowed the possible 
causes down to one specific area, and have done 
absolutely no work on the car itself. 

Step 3: Find the cause and repair it. Using the 
Component Location List and the corresponding 
figure, you can quickly find ClO0 and the LT 
GRN wire, locate the exact trouble point, and 
make the repair. 

Step 4: Check the repair by performing a system 
check on the Headlights circuit. This, of course, 
means making sure that both high beams, both 
low beams, and the High Beam Indicator are all 
working. 

Now suppose that the symptoms were differ
ent. You may have operated the Headlights and 
found that the low beams were working, but nei
ther the high beams nor the High Beam Indicator 
-.yere working. Looking at the schematic, you 
might conclude that it is unlikely that both high 
beam filaments and the High Beam Indicator 
have all burned out at once. The cause is prob
ably the dimmer switch or its connector. 

Electrical troubleshooting requires the use of 
common electrical test equipment. 

TEST LIGHT NOL TMETER 

Use a test light to check for voltage. A Test 
Light (BT-7905 or equivalent) is made up of a 
12-Volt light bulb with a pair of leads attached. 
After grounding one lead, touch the other lead to 
various points along the circuit where voltage 
should be present. When the bulb goes on, there 
is voltage at the point being tested. 

A voltmeter can be used instead of a test 
light. While a test light shows whether or not volt
age is present, a voltmeter indicates how much 
voltage is present. 

An increasing nwnber of circuits include solid 
state control modules. One example is the Elec
tronic Control Module (ECM) used with Com
puter Command Control and Electronic Fuel In
jection. Voltages in these circuits should be 
tested only with a IO-megohm or higher imped
ance digital voltmeter or multimeter (J-29125 or 
equivalent). Never use a test light on circuits that 
contain solid state components, since damage to 
these components may result. 

When testing for voltage or continuity at a 
connection, you do not have to separate the two 
halves of the connector. Unless you are testing a 
"weather-pack» connector, you should probe the 
connector from the back. Always check both 
sides of the connector. An accumulation of dirt 
and corrosion between contact surfaces is some-
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TROUBLESHOOTING TOOLS 

CONNECTOR TEST ADAPTERS 

A connector Adapter Kit is available (J35616) 
for making tests and measurements at separated 
connectors. This kit contains an assortment of 
probes which mate with many of the types of 
connectors you will see. Avoid using paper clips 
and other substitutes since they can damage ter
minals and cause incorrect measurements. 

SELF-POWERED TEST LIGHT 

Use a self-powered test light (J-21008 or 
equivalent) to check for continuity. This tool is 
made up of a light bulb, battery, and two lead s. 
If the leads are touched together, the bulb will go 
on. 

A self-powered test light is used only on an 
unpowered circuit. First disconnect the car's bat
tery, or remove the fuse which feeds the circuit 
you're working on. Select two specific points 
along the circuit through which there should be 
continuity. Connect one lead of the self-powered 
test light to each point. If there is continuity, the 
test light's circuit will be completed and the bulb 
will go on. 

Never use a self-powered test light on circuits 
that contain solid state components, since dam
age to these components may result. 

Figure 2 - Self-Powered Test Light 

OHMMETER 

An ohmmeter can be used instead of a self
powered test light. The ohmmeter shows how 
much resistance there is between two points 
along a circuit. Low resistance means good conti
nuity. 

Circuits which include any solid state control 
modules, such as the Electronic Control Module 
(ECM), should be tested only with a 10-megohm 
or higher impedance digital multimeter (J-29125 
or equivalent). 

When measuring resistance with a digital 
multimeter, the vehicle battery should be discon
nected. This will prevent incorrect readings. 

Diodes and solid state components in a circuit 
can cause an ohmmeter to give a false reading. 
To find out if a component is affecting a meas
urement, take a reading once, reverse the leads 
and take a second reading. 

If the readings differ, the solid state compo
nent is affecting the measurement. 

FUSED JUMPER WIRE 

A fused jumper is available (J-36169 or 
equivalent) with small clamp connectors provid
ing adaptation to most connectors without dam
age. This fused jumper wire is supplied with a 20 
amp fuse which may not be suitable for some 
circuits. Do not use a fuse with a higher rating 
than the fuse that protects the circuit being 
tested. 

CAUTION: Do not use fused jumper wire 
in any instance to substitute for inputs or 
outputs at the ECM (BJectronic Control 
Module), BCM (Body Control Module), or 
any micropr9cessor device. 

SHORT FINDER 

Short Finders are available (J-8681 or equiva
lent) to locate hidden shorts to ground. The short 
finder creates a pulsing magnetic field in the 
shorted circuit and shows you the location of the 
short through body trim or sheet metal. 

FUSE TESTER 

A simple tester that indicates a blown fuse is 
available (J-34764 or equivalent). To check a 
fuse the tester is applied directly to the fuse in 
the fuse block. Two probes contact the fuse. The 
probes are either placed into the slots of a flat 
fuse or to the metal ends of a glass fuse. With 
power on, a red LED in the tester lights if the 
fuse is open. The handle of the tester is a tool for 
removing either type of fuse. 
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TROUBLESHOOTING TESTS 

TROUBLESHOOTING TESTS 

TESTING FOR VOLTAGE 

1. Connect one lead of a test light to a known 
good ground. If you are using a voltmeter, be 
sure it is the voltmeter's negative lead that 
you have connected to ground. 

2. Connect the other lead of the test light or volt
meter to a selected test point (connector or 
tenninal) . 

3. If the test light glows, there is voltage present. 
If you are using a voltmeter, note the voltage 
reading. It should be within one volt of meas
ured battery voltage. A loss of more than one 
volt indicates a problem. 

I HOT AT ALL TIMES I 

ON 

FUSE 
BLOCK 

.,. /// m SWITCH 

/ OFF ~I I ---- .... .,,,. .._, 

I TEST LIGHT''', BLU 

(OR "' 
VOLTMETER) []u SOLENOID 

= 
Figure 3 - Voltage Check 

4. A quick test of wire continuity can often be 
made using the input voltages of solid state 
modules. (See Figure 4) 

r--------1 15 VOLTJ ELECTRONIC 
I I MODULE 
I I 
I I 1 INPUT I 
L NAMEI ------~ 

C210 

SWITCH ....,. I 
DISCONNECTED ~ 

~~~~ 

Figure 4 

DIGITAL 
VOLTMETER 

If the continuity of the wire is good, 5 volts 
will be found at the switch connector. This test 
can be performed only with a Digital Voltmeter. 
Analog meters or a Test Lamp will not work. 

The figure below illustrates the same point 
with another type of input. 

r----------, ELECTRONIC . l BATTERY I MO UL 1 VOLTAGE ,P E 1 
I I 
I I ANY SOURCE . 
I -1 . I I I OF BATTERY 
L--- -- ---..J /' VOLTAGE 

I~ 
DIGITAL 
VOLTMETER 

r-r-----, ELECTRONIC ~ ~,:~~ : M __ -o_o_u-Le_2 
I I 
I I 
I I 
I I L--------.J 

Figure 5 

If the continuity of the wire is good, battery 
voltage will be found between the connector and 
a source of battery voltage. Again, use only a 
Digital Voltmeter for this test. 
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TROUBLESHOOTING TESTS 

TESTING FOR CONTINUITY 

1. Disconnect the car battery. 

2. Connect one lead of a self-powered test light 
or ohmmeter to one end of the part of the 
circuit you wish to test. 

3. Connect the other lead to the other end of the 
circuit. 

4. If the self-powered test light glows, there is 
continuity. If you are using an ohmmeter, low 
or no resistance means good continuity. 

SELF
POWERED 
TEST 
LIGHT 
(OR 
OHMMETER) 

LO 

BLOWER 
SWITCH 

HI 

Figure 6 - Continuity Check Through 
a Switch 

TESTING FOR VOLTAGE DROP 

This test checks for voltage being lost along a 
wire, or through a connection or switch. 

1. Connect the positive lead of a voltmeter to the 
end of the wire ( or to one side of the connec
tion or switch) which is closer to the Battery. 

2. Connect the negative _lead to the other end of 
the wire (or the other side of the connection 
or switch). 

3. Operate the circuit. 

4. The voltmeter will show the difference in volt
age between the two points. A difference (or 
drop) of more than one volt indicates a prob
lem. 

(+) 
\..,,--L.J 

I 
(-) 

I HOT AT ALL TIMES I 

RED 
A. 

FUSE 
BLOCK 

bSISWITCH 

- :LUI I 11 I I SOLENOID 

Figure 7 - Voltage Drop Test 

TESTING FOR SHORT TO GROUND 

With a Test Light or Voltmeter 

1. Remove the blown fuse and disconnect the 
load. 

2. Connect a test light or voltmeter. across the 
fuse terminals (be sure that the fuse is pow
ered). 

3. Beginning near the fuse block, wiggle the har
ness from side to side. Continue this at con
venient points (about 6 inches apart) while 
watching the test light or voltmeter. 

4. When the test light glows, or the voltmeter 
registers, there is a short to ground in the wir
ing near that point. 

I HOT AT ALL TIMES I 

RED ,... 

Btu. 
BLOCK 
(FUSE 
REMOVED) 

~ SWITctt 

.u'( LoAo 
BL., ~CONNECTED 

l]ll"OLENQm 

Figure 8 - Testing For Short With Test Light 
or Voltmeter 
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TROUBLESHOOTING TESTS 

With a Self-Powered Test Light or Ohmmeter 

1. Remove the blown fuse and disconnect the 
battery and load. 

2. Connect one lead of a self-powered test light 
or ohmmeter to the fuse terminal on the load· 
side. 

3. Connect the other lead to a known good 
ground. 

4. Beginning near the fuse block, wiggle the har
ness from side to side. Continue this at con
venient points (about 6 inches apart) while 
watching the self-powered test light or ohm
meter. 

5. When the self-powered test light glows, or the 
ohmmeter registers, there is a short to ground 
in the wiring near that point. 

BATTERY DISCONNECTED 

~ 
BLOCK 
(FUSE 

....- ,,. • 1 REMOVED) 

SHORT TO 
GROUND 

~SWITCH 

llbE- 1 POWERED BLU 
TEST LIGHT 
OR LOAD 
OHMMETER ~ DISCONNECTED 

111rLE•~· 
Figure 9 - Testing For Short With 

Self-Powered Test Light or Ohmmeter 

With a Short Finder 

1. Remove the blown fuse, leaving the battery 
connected. 

2. Connect the short finder across the fuse ter
minals. 

3. Close all switches in series with the circuit 
you are troubleshooting. 

4. Operate the short finder. The short finder will 
pulse current to the short. This creates a puls
ing magnetic field surrounding the circuit wir
ing between the fuse block and the short. 

5. Beginning at the fuse block, slowly move the 
short finder meter along the circuit wiring. 
The meter will show current pulses through 
sheet metal and body trim. As long as the me· 
ter is between the fuse block and the short, 
the needle will move with each current pulse. 
When you have moved the meter past the 
point of the short, the needle will stop mov· 
ing. Examine the wiring in that area for the 
short to ground. 

Fuses Powering Several Loads 

1. Find the schematic in Fuse Block Details 
(Cell 11) for the fuse that has blown. 

2. Open the first connector or switch leading 
from the fuse to each load. 

3. Replace the fuse. 
• If the fuse blows, the short is in the wiring 

leading to the first connector or switch. 
Use a test light, meter, or short finder as 
described above. 

• If the fuse does not blow, go to the next 
step. 

4. Close each connector or switch until the fuse 
blows to find which circuit the short is in. 
Connect test lamp, meter, or short finder a 
the connector to the suspect circuit (discon
nected) rather than at the fuse terminals. 
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Figura 1 O - Finding Short With Short Finder 
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TROUBLESHOOTING TESTS 

TESTING FOR CURRENT 

To test for current the meter must be con
nected in series in the circuit. Current measure
ments always involve a component being re
moved or disconnected from the circuit. _The ~ir~ 
cuit current flows through the meter, which dis
plays the current in amps or milliamps. 

CAUTION: Never use a meter set on a 
current scale to measure voltage. Severe 
damage to the meter, the circuit or both 
will result. 

Two commonly used locations for taking cur
rent measurements are at a fuse and at the bat
tery. 

To measure current in a Windshield Wiper 
Motor, for instance, the meter should be con
nected across the fuse terminals, after removing 
the fuse. The meter can be inserted in any circuit 
where a single circuit can be temporarily opened 
to make the measurement. A second example, 
measuring at a fusible link is illustrated in Figure 
12. 
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TROUBLESHOOTING TESTS 

The meter should be connected between the 
screw tenninal and the fusible link ring tongue 
tenninal, after disconnecting the link. 

A special use of current measurement is the 
case of a car whose battery goes dead with no 
explanation. Normal1y current flow from the bat
tery with the key "off" should be less than 50 
milliamps. By disconnecting the positive battery 
cable and connecting your current meter between 
the positive cable and positive battery tenninal 
you can measure this current. If the current is 
greater than 50 milliamps it will be necessary to 
check every fuse and fusible link as described 
above. Any circuits that have high current flow 
should be investigated. 

JUMP STARTING IN CASE OF EMERGENCY 
WITH AUXILIARY (BOOSTER) BATTERY 

NOTICE: Do not push or tow the vet:licle 
to start. Damage to the emission· system or 
to other parts of the vehicle may result. 

Both booster and discharged battery should 
be treated carefully when using jwnper cables. 
Follow the procedure outlined below, being care· 
ful not to cause sparks: 

CAUTION: Departure from these condi
tions or the procedure below could result 
in: (1) Serious personal injury (particu
larly to eyes) or property damage from 
such causes as battery explosion, battery 
acid, or electrical bums; and/or (2) dam· 
age to electronic components of either 
vehicle. 

Never expose battery to open flame or electric 
spark-batteries generate a gas which is flamma
ble and explosive. 

Remove rings, watches, and other jewelry. 
Wear approved eye protection. 

Do not allow battery fluid to contact eyes, 
skin, fabrics, or painted surfaces - fluid is a cor
rosive acid. Flush any contacted area with water 
immediately and thoroughly. Be careful that 
metal tools or jumper cables do not contact the 
positive battery tenninal (or metal in contact with 
it) and any other metal on the car, because a 
short circuit could occur. Batteries should always 
be kept out of the reach of children. 

• Set parking brake and place automatic 
transmission in "PARK" (NEUTRAL for 
manual transmission.) Turn off the igni
tion, tum off lights, and all other electri· 
cal loads. 

• Check the built-in hydrometer. If it is clear 
or light yellow, replace the battery. 

• Attach the end of one jumper cable to the 
positive terminal of the booster battery 
and the other end of the same cable to the 
positive terminal of the discharged bat· 
tery. Do not permit vehicles to touch each 
other as this could cause a ground connec
tion and counteract the benefits of this 
procedure. (Use 12-volt battery only to 
jump start the engine). 

• Attach one end of the remaining negative 
cable to the negative terminal of the 
booster battery, and the other end to a 
solid engine ground (such as A/C com
pressor bracket or generator mounting 

bracket) at least 18 inches from the bat
tery of the vehicle being started (DO NOT 
CONNECT DIRECIL Y TO TIIB NEGA
TIVE TERMINAL OF THE DEAD BAT
TERY). 

• Start the engine of the vehicle that is pro
viding the jump start and turn off electri
cal accessories. Then start the .engine in 
the car with the discharged battery. 

• Reverse these directions exactly when re
moving the jumper cables. The negative 
cable must. be disconnected from the en
gine that was jump started first. 
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REPAIR PROCEDURES 

ELECTRICAL REPAIRS 
This section provides instruction in the follow-

ing repairs: 

Circuit Protection 

Typical Electrical Repairs 

Splicing Copper Wire 

Splicing Alwninwn Wire 

Splicing Twisted/Shielded Cable 

Repairing Connectors(Except Weather Pack®) 

Repairing Weather Pack® (Environmental) 
Connectors 

Note: After any electrical repair is made, always 
test the circuit by operating the devices in the 
circuit. This confirms not only that the repair is 
correct, but also that the cause of the complaint 
was correctly identified. 

CIRCUIT PROTECTION 
All electrical circuits are protected against ex

cessive loads which might occur because of 
shorts or overloads in the wiring system. Such 
protection is provided by a fuse, circuit breaker, 
or fusible link. 

Fuses 

The most common method of automotive wir
ing circuit protection is the fuse. Whenever there 
is an excessive amount of current flowing 
through a circuit the fusible element will melt 
.and create an open or incomplete circuit (see Fig
ure 1). Fuses are a "one time" protection device 
and must be replaced each time the circuit is 
overloaded. 

Auto-fuses are color coded. The standardized 

color identification and ratings are shown in Fig
ure 2. 

For service replacement, non-color coded 
fuses of the same respective current rating can be 
used. The current rating of each fuse is molded 
into its head. 

To determine whether or not an auto-fuse is 
blown, remove the suspect fuse and examine the 
element in the fuse for a break. (see Figure 1). If 
the element is broken, replace the fuse with one 
of equal current rating. 

There are, however, additional specific cir
cuits with in-line fuses. In-line fuses are located 
within the individual wiring harness. They are 
usually housed in spring-loaded, twist-type recep
tacles. 

GOOD FUSE BLOWN FUSE 

Figure 1 - Sample Fuses 

CURRENT RA TING COLOR 
(AMPERES) 

3 VIOLET 
5 TAN 

7.5 BROWN 
10 RED 
15 BLUE 
20 YELLOW 
25 WHITE 
30 GREEN 

Figure 2 - Fuse Rating and Color 

Circuit Breakers 

A circuit breaker is a protective device de
signed to open the circuit when a current load is 
in excess of rated breaker capacity. If there is a 
short or other type of overload condition in the 
circuit, the excessive current will open the circuit 
between the circuit breaker terminals. The circuit 
breaker will remain open until the trouble is 
found and corrected. The circuit breaker will 
close automatically when the excessive current is 
removed. The condition of a circuit breaker may 
be verified by removing it from the circuit and 
checking the resistance. A good circuit breaker 
will have less than 1 ohm resistance between the 
two terminals. 
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REPAIR PROCEDURES 

Fuslble Links 

In addition to circuit breakers and fuses, some 
circuits use fusible links to protect the wiring. 
Like fuses, fusible links are "one time" protec
tion devices that will melt and create an open cir
cuit (see Figure 3). 

Not all fusible link open circuits can be de
tected by observation. Always inspect that there 
is battery vo1tage past the fusible link to verify 
continuity. 

Fusible links are used instead of a fuse in wir
ing circuits that are not normally fused, such as 
the ignition circuit. Each fusible link is four wire
gage sizes smaller than the cable it is designed to 
protect. Links are marked on the insulation with 
wire-gage size because the heavy insulation 
makes the link appear to be a heavier gage than 
it actually is. The same wire size fusible link 
must be used when replacing a blown fusible 
link. 

CONNECTOR COVERING 

FUSIBLE LINK BEFORE SHORT CIRCUIT 

BROKEN CIRCUIT 
INSIDE INSULATION 

FUSIBLE LINK AFTER SHORT CIRCUIT 

Figure 3 - Good and Damaged Fuslble Unks 

Fusible links are available with two types of 
insulation: Hypalon® and Silicone/GXL (SIU 
GXL). Service fusible links made With SIUGXL 
may be used to replace either Hypalon® or SIU 
GXL fusible links. Service fusible links made 
with Hypalon® may only be used to replace 
Hypalon® fusible links. To determine the fusible 
link type, nick the insulation of the blown fusible 
link with a knife. SIUGXL will have a white in
ner core under the outer color. Hypalon® insula
tion is one color. Service fusible links are avail
able in many lengths. Choose the shortest length 
that is suitable. If the fusible link is to be cut 
from a spool, NEVER make it longer than 228 
mm (9 in). 

CAUTION: Fusible links cut longer than 228 mm 
(9 in) will not provide sufficient overload protec
tion. 
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REPAIR PROCEDURES 

To replace a damaged fusible link, cut it off 
beyond the splice. Replace with a repair link. 
When connecting the repair link, strip wire and 
use staking-type pliers to crimp the splice se
curely in two places (see Figure 4). For more de
tails on splicing procedures see Splicing Copper 
Wire. 

To replace a damaged fusible link which 
feeds two harness wires, cut them both off be
yond the splice. Use two repair links, one spliced 
to each harness wire (see Figure 5). 

DAMAGED 
FUSIBLE 
LINK "- CUT HERE 

' r'-r TERMINAL SPLICE ONE HARNESS 
WIRE (RED) 

®:, 

f ~, 
REPAIR LINK ONE HARNESS 

WIRE (RED) 

Figure 4 - Single Wire Feed Fusible Unk 

TYPICAL ELECTRICAL REPAIRS 
An open circuit is an incomplete circuit. 

Power cannot reach the load or reach ground. If a 
circuit is open, active components do not ener
gize. A short circuit is an unwanted connection 
between one part of the circuit and either g_round 
or another part of the circuit. A short circuit 
causes a fuse. to blow or a circuit breaker to 
open. 

DAMAGED 
FUSIBLE 
LINK 

~ 
CUT HERE 

rF 
TERMINAL SPLICE HARNESS 

WIRES (RED) 

(e)n, 

I lhl~ 

REPAIR LINKS HARNESS 

\ 
WIRES (RED) 

§)n ~ ~ .. I 

Figure 6 - Double Wire Feed Fuslble Link 

Short Circuits Caused by 
Damaged Wire lnstalatlon 

Locate the damaged wire. 

Find and correct the cause of the wire insula
tion damage. 

For minor damage; tape over the wire. If 
damage is more extensive, replace the faulty 
segment of the wire. (Refer to the splicing in
structions for copper, alwninum, or shielded 
cable for the correct procedure.) 

SPLICING COPPER WIRE 
Step One: Open the Harness 

If the harness is taped, remove the tape. To 
avoid wire insulation damage, use a sewing 
"seam ripper" to cut open the harness (available 
from sewing supply stores). 

If the harness has a black plastic conduit, sim
ply pull out the desired wire. Note that aluminum 
wire is enclosed in brown conduit. Refer to Splic
ing Aluminum Wire if necessary. 

Step Two: Cut the Wire 

Begin by cutting as little wire off the harness 
as possible. You may need the extra length of 
wire later if you decide to cut more wire off to 
change the location of a splice. You may have to 
adjust splice locations to make certain that each 
splice is at least 40mm (1½ in) away from other 
splices, harness branches, or connectors. 
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REPAIR PROCEDURES 

Step Three: Strip the lnsulatlon 

When replacing a wire, use a wire of the same 
size as the original wire or larger. The schematics 
list wire size in metric units. The following table 
(see Figure 6) shows the commercial (A WG) 
wire sizes that can be used to replace each metric 
wire size. Each A WG size is either equal to or 
larger than the equivalent metric size. 

METRIC WIRE AWG 
SIZES SIZES 

.22 24 

.35 22 
.5 20 
.8 18 
1.0 16 
2.0 14 
3.0 12 
5.0 10 
8.0 8 
13.0 6 
19.0 4 
32.0 2 

Figure 6 - Wire Size Conversion Table 

To find the correct wire size either find the 
wire on the schematic page and convert the met· 
ric size to the AWG size. or use an AWG wire 
gage. 

If you aren't sure of the wire size, start with 
the largest opening in your wire stripper and 
work down until you get a clean strip of the insu
lation. Be careful to avoid nicking or cutting any 
of the wires. 

Check the stripped wire for nicks or cut 
strands. If the wire is damaged, repeat the proce
dure on a new section of wire. The two stripped 
wire ends should be equal in length. 

Step Four: Crimp the Wires 

Select the proper clip to secure the slice. To 
determine the proper clip size for the wire being 
spliced, follow the directions included with your 
clips. Select the correct anvil on the crimper. (On 
most crimpers your choice is limited to either a 
small or large anvil.) Overlap the two stripped 
wire ends and hold them between your thumb 
and forefinger as shown in Figure 7. Then, center 
the splice clip under the stripped wires and hold 
it in place. 

Figure 7 - Centering the Spllce Cllp 

Open the crimping tool to its full width and 
rest one handle on a firm flat surf ace. 

Center the back of the splice clip on the 
proper anvil and close the. crimping tool to the 
point where the former tpuches the wings of 

the clip. 

Make sure that the clip and wires are still in 
the correct position. Then, apply steady 
pressure until the crimping tool closes (see 
Figure 8). 

Before crimping the ends of the clip, be sure 
that: 

The wires extend beyond the clip in each 
direction. 

No strands of wire are cut loose. 

No insulation is caught under the clip. 

Crimp the splice again, once on each end. Do 
not let the crimping tool extend beyond the edge 
of the clip or you may damage or nick the wires 
(see Figure 9). 

WINGS OF CLIP 
TOUCHING 
FORMER 

Figure 8 - Crimping the Spllce Clip 
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REPAIR PROCEDURES 

6 --, b 
~SPLICE CLIP 

ALIGN TOOL WITH EDGE OF CLIP 
TO CRIMP ENDS OF SPLICE 

Figure 9 - Completing the Crimp 

Figure 1 O - Applying the Solder 

Step Five: Solder 

Apply 60/40 rosin core solder to the opening 
in the back of the clip (see Figure 10). Follow the 
manufacturer's instructions for the solder equip
ment you are using. 

Step Six: Tape the Spllce 

Center and roll the splicing tape. The tape 
should cover the entire splice. Roll on enough 
tape to duplicate the thickness of the insulation 
on the existing wires. Do not flag the tape. 
Flagged tape may not provide enough insulation, 
and the flagged ends will tangle with the other 
wires in the harness (see Figure 11). 

If the wire does not belong in a conduit or 
other harness covering, tape the wire again. Use 
a winding motion to cover the first piece of tape 
(see Figure 12). 

SPLICING ALUMINUM WIRE 
General Motors cars have a front body wiring 

harness made of 2.0 metric and 1.0 metric (14 
and 16 gage) insulated solid cable aluminum 
wires. These wires are enclosed in a brown solid 
plastic conduit from behind the instrument panel 
to the rear of the car. 

A special repair kit (1684873-GR.2.530-KIT
ALUM-WIRE TERMINAL REPAIR) is available 
to help make repairs on aluminum wires. This kit 
contains materials and instructions that can be 
used either to splice wire or crimp on new termi: 
nals. The kit includes the following parts: 

GOOD (ROLLED) 

BAD (FLAGGED) 

Figure 11 - Proper First Taping 
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REPAIR PROCEDURES 

~-:s.:._._:sr=-= 
TAPE AGAIN IF NEEDED 

Figure 12 - Proper Second Taping 

Small cylindrical metal splice clips. 

A plastic tube of petroleum jelly. 

Ten 2.0 metric (14 gage) DK GRN leads: 150 
mm (6") long with terminals 

Ten 1.0 metric (16 gage) BRN leads: 150 mm 
(6") long with terminals. 

Use of the special materials in this kit will 
help prevent galvanic corrosion. Galvanic corro
sion causes increased resistance· between the ter
minal and wire, or the splice clip and wire, or 
both. Increased resistance would affect the opera
tion of the electrical components in the repaired 
circuit. 

Step One: Open the Harness 

Because the harness has a solid plastic con
duit, simply cut the conduit open with diagonal 
cutters and pull out the desired wire. Be careful 
not to damage any of the wires when cutting open 
the conduit. 

Step Two: Cut the Wire 

Begin by cutting as little wire off the harness 
as possible. You may need the extra length of 
wire later if you decide to cut more wire off to 
change the location of a splice. You may have to 
adjust splice locations to make certain that each 
splice is at least 40mm (1½") away from the 
other splices, harness branches, or connectors. 

Step Three: Strip the Insulation 

When replacing a wire or lead, use a wire of 
the same size as the original wire, or larger. Look 
up the metric size on the schematic and select the 
proper-sized leads from the special repair kit. Re
member that the wires in this harness can only be 
one of two sizes-2.0 metric or 1.0 metric (14 or 
16 gage). 

Use wire strippers of the proper gage to strip 
approximately 6mm (¼") of insulation from each 
wire end. 

When stripping the outer jacket from the alu
minum wire core, be careful not to nick or dam
mage the core. A damaged core will weaken the 
assembly at this point. 

Step Four: Coating the Spllce/Tarrnlnal 

To prevent corrosion, apply a generous coat
ing of petroleum jelly to the splice ,area, If you 
are replacing a lead, also thoroughly coat the ter
minal crimp area and aluminum core . with petro
leum jelly. Both areas are shown in Figure 13 and 
identified with the letter "A". 

Step Five: Crimp the Wires 

Select the proper-sized splice clip (follow the 
instructions included in the special repair kit). 

Place one wire. end in each end of the splice 
clip. 

Crimp the clip firmly to the wire using 10" 
slip joint pliers. DO NOT solder the splice 
(see Figure 14). 

Repeat this procedure for the second wire or 
lead in the splice clip. 

0 ,3~:=½ 
----~ ) 

) 

Figure 13 - Where to Apply Petroleum Jelly 
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REPAIR PROCEDURES 

Step Six: Tape Splice/Insert Terminal 

Tape over both the splice clip and the petro
lewn jelly to seal out moisture and insulate the 
splice (see Figure 15). If you have replaced a 
lead, do not tape over the terminal crimp area 
but insert the lead into the connector body. 

SPLICING TWISTED/SHIELDED CABLE 
Twisted/shielded cable is sometimes used to 

protect wiring from electrical noise (stray sig
nals). For example, two-conductor cable of this 
construction is used between the ECM and the 
distributor. See Figure 16 for a breakdown of 
twisted/shielded cable construction. 

Step One: Remove Outer Jacket 

Remove the outer jacket and discard it. Be 
careful to avoid cutting into the drain wire or the 
mylar tape. 

Step Two: Unwrap the Tape 

Unwrap the aluminum/mylar tape, but do not 
remove it. The tape will be used to rewrap the 
twisted conductors after the splices have been 
made. 

Step Three: Prepare the Spllce 

Untwist the conductors. Then, prepare the 
splice by following the splicing instructions for 
copper wire presented earlier. Remember to stag
ger splices to avoid shorts (see Figure 17). 

Figure 14 - Crimping the First Half of the 
Splice Clip (Aluminum Wire) 

:j; _____ )~ 'A ~----:fr 

Figure 15 - The Tape Covers the Splice 
Cllp and the Petroleum Jelly to 
Seal and Insulate 

Step Four: Re-Assemble the Cable 

After you have spliced and taped each wire, 
rewrap the conductors with the mylar tape. Be 
careful to avoid wrapping the drain wire in the 
tape. 

Next, splice the drain wire following the splic: 
ing instructions for copper wire. Then, wrap the 
drain wire around the conductors and mylar tape 
(see Figure 18). 

Step Five: Tape the Cable 

Tape over the entire cable using a winding' 
motion (see Figure 19). This tape will replace the 
section of the jacket you removed to make the 
repair. 

OUTER 
JACKET 

MYLAR TAPE 

DRAIN WIRE 
(UNINSULATED) 

TWISTED 
CONDUCTORS 

Figure 16 - Twisted/Shielded Cable 
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REPAIR PROCEDURES 

6 ft;:,=!fFJ, 

Figure 17 - The Untwisted Conductors 

DRAIN WIRE 

L ! fUILLl --A 

Figura 18 - The Reassembled Cable 

2 _ __,p 

Figure 19 • Proper Taping 

REPAIRING CONNECTORS 
High Density, Bulkhead and Printed Circuit 
Connectors 

The following general repair procedures can 
be used for High Density, Bulkhead, and Printed 
Circuit connectors. Prior to starting any repairs, 
separate connector halves and remove any termi
nal covers or retainers. 

Instruction in the disassembly, repair, and as
sembly of connectors follows. Consult figures 20 
to 22 for details on each specific type of connec
tor. The instruction is divided into steps. Only 
perform those steps necessary to make the re
pair. 

Step One: Remove the Lead 

Depress the terminal locking tang using the 
proper size pick. 

CAUTION: Do not place fingers or other parts 
of the body next to or around the back of the 
connector. If too much force is used, the pick 
and terminal could be pushed out the back of 
the connector and cause injury. 

Place the pick between the locking tang of 
the terminal and the plastic of the connec
tor body. 

Ease the lead back enough to release the 
locking tang. 

Pull the pick out. 

Gently pull the lead out of the back of the 
connector body. 

Step Two: Re-Form the Locking Tang 

If the lead and terminal are in good condition, 
re-form the locking tang: 

Hold the lead firmly to prevent the splice be• 
tween the terminal and the wire from flexing. 

Use the pick to bend the locking tang back 
into its original shape. Also check to see that 
the remainder of the terminal · is still in its 
original shape 

Step Three: Make the Repair 

When you make a repair, use the correct 
types of terminals and wires. 

Attach a new wire or a new terminal using the 
procedures in Splicing Copper Wire or Splic
ing Aluminum Wire. 

Step Four: Insert the Lead 

Before inserting the lead, make certain that 
th.e tenninaJ is correctly shaped. Be careful to in
sert terminals in their proper locations. 

- Gently insert the lead from the back. 

The terminal should stop or "catch" about 
halfway through the connector body. 

Note: With bulkhead connectors, in many cavi
ties it is possible for the terminal to be inserted 
in two ways. Be sure it is inserted in the same 
direction as it was removed, or to mate correctly 
with the facing terminal. 

Push back and forth gently on the lead to be 
sure the terminal is held in place in both di
rections. If the terminal easily pushes or pulls 
out, review Step Two: "Re-Form the Locking 
Tang." 

Before mating the connector halves replace 
any terminal covers or retainers that were re
moved, and apply grease to prevent corrosion. 
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REPAIR PROCEDURES 

NARROW PICK 

DEPRESSING THE LOCKING TANG 

REMOVING TERMINAL RETAINERS 

=Ell-•(; :::::§3::J 
RE-FORMING THE LOCKING TANG 

Figure 20 - High Density Connectors 
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REPAIR PROCEDURES 

PUSH IN AND DOWN ON TERMINAL-NOTCH 

\ .,,,.. 

WIDE PICK 

DEPRESSING THE LOCKING TANG (MALE TERMINAL) 

TWIST WIDE PICK TO RE-FORM TANG 

RE-FORMING THE LOCKING TANG (MALE TERMINAL) 

I I 
WIDE PICK ... " 

LOCKING 
TANG 

RE-FORMING THE LOCKING TANG (FEMALE TERMINAL) 

Figure 21 • Bulkhead Type Connectors 
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REPAIR PROCEDURES 

PUSH NARROW 
PICK BETWEEN 
TERMINAL AND 
CONNECTOR BODY 

RE-FORM LOCKING TANG 

RE-FORMING THE LOCKING TANG 

\ 

Figure 22 - Printed Circuit Type Connectors 

Repairing Weather Pack® 
(Environmental) Connectors 

Weather Pack® or weatherproof connectors 
provide environmental protection on certain elec
trical circuits. This protection consists of a mois
ture-proof rubber flexible seal between the two· 
connector halves and rubber cable seals attached 
to each terminal. The terminals and the cable 
seals are secured by a hinged secondary lock on 
small Weather Pack® connectors and by plastic 
terminal retainers on large Weather PacklD con
nectors. 

If a Weather Pack® connector requires repair, 
do not replace the Weather Pack• parts with 
other types of connectors and tenn.inals. Also, do 
not omit either the large seal or the cable seals 
when making a repair. 

Instruction in the disassembly, repair, and as
sembly of both small and large Weather PacklD 
connectors .follows. The instruction is divided into 
steps. Only perform those steps necessary to 
make the repair. 

Step One: Separate the Connector Halves 

To separate a large connector, unscrew the 
bolt in the center of the connector body. Then 
pull the two halves apart. To separate a small 
connector, simply pull up on the primary lock 
and simultaneously pull the two halves apart. 

~ 
I 

U1 • .... 
0 

m 
J;; 

I 
g 
~ en 
0 



REPAIR PROCEDURES 

Step Two: Remove the Terminal Retalner(s} 
(Large Connectors}/Open the Secondary 
Locks (Small Connectors} 

To remove a terminal retainer, press a wide 
pick at a 45 ° angle against the locking nib (see 
Figure 23). Push the nib up as far as possible. 
Then, pull the retainer out. · 

To open the secondary locks on small connec
tors, flip down the lock hinges as shown in Figure 
24. 

Step Three: Remove the Lead 

Depress the terminal locking tangs using a 
Weather PackG> pick (J28742-A or the equiva
lent): 

Push the hollow cylinder of the pick into the 
terminal cavity from the front until it stops 
(see Figures 25 and 26). The pick should sur
round the terminal (see Figure 27 for draw
ings of locking tangs). 

- Pull the pick out. 

Gently pull the lead out of the back of the 
connector body. 

Note that the male connector body half con
tains female terminals and the female half 
houses male terminals. 

LOCKING NIBS 
(NOTE: THERE ARE TWO RETAINERS) 

Agure 23 - Releasing the Terminal Retainers · (Large Connectors) 

SECONDARY LOCKS CLOSED SECONDARY LOCKS OPEN 

Figure 24 - Opening the Secondary Locks (Small Connectors) 

i 
I z 
~ 
en 

~ 
I 

en 
I ... ... 



REPAIR PROCEDURES 

Step Four: Re-Form the Locking Tang 

If the lead and terminal are in good condition, 
re-form the locking tang. 

Hold the lead firmly to prevent the splice be
tween the terminal and the wire from flexing. 

Use the pick (J28742-A or the equivaleht) to 
bend the locking tang back into its original 
shape (see Figure 27). AJso, check to see that 
the remainder of the terminal is still in its 
original shape. (See Step Six for instruction in 
inserting the lead). 

Step Five: Make the Repair 

When you make a repair, use the correct 
types of terminals, wires, and seals. 

To add a new lead, cut the wire and crimp 
and solder on the Weather-Pack® lead assembly 
(see Figure 28) using rosin core solder. (Follow 
the instructions for splicing wire outlined earlier 
in this section.) 

If Weather-Pack® lead assemblies are not 
available, splice a new terminal and cable seal 
onto the existing wire. 

Cut the wire immediately behind the cable 
seal. 

Slip the new cable seal onto the wire and 
push it back out of the way. 

Strip 5.0mm ~ 11") of insulation from the 
wire. 

WEATHER PACK® PICK 

Figure 25 - Releasing the Terminal Locking Tangs {Large Connector) 

" (l_;; 

WEATHER 
PACK® PICK 

am,:- ~-Els 
REMOVE~ N 
LEAD 

Figure 26 • Releasing the Terminal Locking 
Tangs (Small Connectors) 

MA~ 

Figure 27 • Re-Forming the Locking Tang 
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REPAIR PROCEDURES 

Crimp the new terminal over the copper 
strands (core crimp) as shown in Figure 29. 
(Use a standard crimping tool number 125563 
in the Kent-Moore catalog). 

Solder with rosin core solder. 

- Move the cable seal to the edge of the insula
tion. 

Crimp the grips at the end of the terminal 
around the cable seal and insulated wire as 
shown in Figure 29 (insulation crimp). Apply 
light pressure for this crimp. 

Remember to use the proper types of termi
nals and seals for this repair. 

Step Six: Insert the Lead 

Before inserting the lead, make cenain that 
the tenninal is correctly shaped (see Figure 27). 
Then, gently insert the lead from the back. The 
terminal should stop or "catch" about halfway 
through the connector body. Gently push back 
and forth on the lead to be sure the terminal is 
held in place in both directions. If the terminal 
easily pushes or pulls out, review Step Four: "Re
Form the Locking Tang." 

Be careful to insert leads in their proper loca
tions. 

Step Seven: Replace the Terminal Retafner(s) 
(Large Connectors)/Secondary Locks (Small 
Connectors) 

Replace the terminal retainers by slipping the 
retainer halves into the connector body (as shown 
in Figure 30). 

To close the secondary locks on small connec
tors, flip the hinges back to their original posi
tions (see Figure 31). 

FEMALE 

MALE 

Figure 28 - Lead . Assemblies 

SEAL CORE CRIMP 

SEAL 

Figure 29 - Replacing the Terminal 

OPPOSE TERMINAL RETAINERS 
WHEN REPLACING 

Figure 30 - Replacing the Termlnal Retainers 
(Large Connectors) 

SECONDARY LOCK HINGES 
CLOSED ON CONNECTOR BODY 

Figure 31 - Closing the Secondary Locks 

i 
t? r-
0 

t g 
in 

~ 
.J. 
cil 
i .... 

Co) 



REPAIR PROCEDURES 

RELEASE PARTS OF CONNECTOR 
FIRST IF NEEDED 

\ 

REMOVING TERMINAL RETAINERS (MALE TERMINALS) 

PUSH UP WITH WIDE PICK 

REMOVING TERMINAL RETAINERS (FEMALE TERMINALS) 

LOCKING 
TANG 

~-

~ 

LOCKING 
TANG 

RE-FORMING THE LOCKING TANG (MALE TERMINAL) 

RE-FORMING THE LOCKING TANG (FEMALE TERMINAL) 

Figure 32 - Metrl-pack Type Connectors - Push-to-Seat Type 
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REPAIR PROCEDURES 

Repairing Metrl-Pack Serles 150 Connectors 

(Pull-to-Seat Type) 

Metri-Pack connectors are used to connect 
various sensors such as the cam, crankshaft and 
coolant sensors to primary harnesses in the en
gine compartment. The Metri-Pack connector 
consists of three parts (see Figure 35): a Pull-to
Seat type terminal, a connector body, and a rub
ber seal which is inserted in the back of the con
nector body to provide environmental protection. 

Do not replace the Metri-Pack parts with parts 
of other types of connectors and terminals or 
omit the environmental seals when repairing 
Metri-Pack connectors. 

Repair instructions are divided into two steps, 
connector disassembly and terminal removal and 
connector assembly and terminal insertion. (Re
fer to figures 33 to 36). 

Step One: Connector Disassembly and Termi
nal Removal 

Insert tool BT8446 or J35689 into the connec
tor (Figure 33). Pull back on the wire slightly, pry 
up the locking tang and then push the wire 
through the front of the connector. If the terminal 
will be reused, reshape the locking tang. 

Step 2: Connector Assembly and Terminal In
sertion 

Insert the wire through the seal and the con
nector body (Figure 35). Crimp the terminal to 
the stripped wire. Pull the wire and the terminal 
back through the connector body until it locks in 
place (Figure 36). 

CONNECTOR 
BODY 

TERMINAL 

Figure 33 - Terminal Removal from 
Connector Body 

Figure 34 - Re-Forming the Locking Tang 

STRIPPED 
WIRE 

CONNECTOR 
BODY 

Figure 35 - Connector Reassembly 

LOCKING 
TAB 

TERMINAL 

Figure 36 - Terminal Reinsertion 
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POWER DISTRIBUTION 
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POWER DISTRIBUTION 

CIRCUIT OPERATION 
Electrical power for the car is provided by the 

Generator, when the engine is running. The 
schematic diagram shows how each circuit gets 
its power. For more detail about the Generator 
and connections to the Battery and Starter, see 
the Charging System section. 

The car's I>ower Distribution System con
sists of Fusible Links, Fuses, Circuit Breakers, 
the Light Switch and the Ignition Switch. Fusi
ble Links are short pieces of wire several sizes 
smaller than the circuit wire to which they sup
ply power. They are covered with special high
temperature insulation. When conducting a 
dangerously high current, they will melt and 
stop current. They are designed to protect the 
car's electrical system from electrical shorts 
that are not protected by the Circuit Breakers 
and Fuses. 

The Ignition Switch has six positions, five of 
which have detents. The BULB TEST position 
if! after the RUN position and just before the 
START position. BULB TEST does not have a 
detent. As shown in the schematic, circuits 
which are supplied from the Ignition Switch are 
HOT for different switch positions. Schematics 
show their fuses supplied from headings such 
as HOT IN RUN. The heading corresponds to 
the Ignition Switch position from which power 
is available. 

COMPONENT LOCATION 

Blower High Speed Relay. . . . . . . . . . Near Blower Motor, on A/C module .......... . 
Burn-Off Relay . . . . . . . . . . . . . . . . . . LH front of dash, on relay bracket ........... . 
Clutch Start Switch . . . . . . . . . . . . . . Below I/P, on clutch pedal bracket ........... . 
Convenience Center . . . . . . . . . . . . . . Behind I/P, to right of steering column ........ . 
Coolant Fan Relay (VIN E)(VIN S) . . LH front of dash, on relay bracket ........... ·. 
Coolant Fan Relay (VIN F)(VIN 8). . . RH rear of radiator support bracket ...•....... 
Electronic Control Module (ECM). . . Behind RH side.9f 1/P ..................... . 
Electronic Spark Timing (EST) 

Distributor (VIN E) . . . . . . . . . . . . . Top rear of engine .........................• 
Electronic Spark Timing (EST) 

Distributor (VIN F)(VIN 8) . . . . . . . Top rear of engine 
Electronic Spark Timing (EST) 

Distributor (VIN S) . . . . . . . . . . . . . Top rear of engine ......................... . 
Fog Light Relay ................. Upper LH front corner of engine compartment .. 
Fuel Pump Relay (VINE). . . . . . . . . . LH front of dash ........... · .. , ............• 
Fuel Pump Relay (VIN F)(VIN 8). . . . LH front of dash, on relay bracket ..........•. 
Fuel Pump Relay (VIN S). . . . . . . . . . LH front of dash, on relay bracket ........... . 
Fuel Pump/Oil Pressure Sender/ 

Switch (VIN El ..... , . . . . . . . . . . . Lower LH rear of engine ..... . .............• 
Fuel Pump/Oil Pressure Sender/ 

Switch (VIN F)(VIN 8) . . . . . . . . . . . Lower LH side of engine ................... . 
Fuel Pump/Oil Pressure Sender/ 

Switch (VIN.S) . . . . . . . . . . . . . . . . . Lower LH side of engine, near oil filter .. . ..... . 
Fuse Block. . . . . . . . . . . . . . . . . . . . . . Behind LH side of I/P ...................•.. 
Fusible Link A (Except VIN S) . . . . . Lower RH side of engine, at Starter Solenoid ... . 
Fusible Link A (VIN S). . . . . . . . . . . . Lower RH side of engine, at Starter Solenoid ... . 
Fusible Link B (Except VIN S) . . . . . Lower RH side of engine, at Starter Solenoid ... . 
Fusible Link B (VIN S) • . • . • • . . • • • • Lower RH side of engine, at Starter Solenoid ... . 
Fusible Link D . . . . . . . . . . . . . . . . . . RH front of engine compartment, near battery .. 
Fusible Link E (VIN E). . . . . . . . . . . . RH front of engine compartment, at Junction 

Block .................................. . 
Fusible Link E (VIN S).. .. .. . . . . .. At Junction Block ........................ . 
Fusible Link G (Except VIN S) ·• • • • • Lower RH side of engine, at Starter Solenoid ... . 
Fusible Link G (VIN S). . • . • . . . . . . . Lower RH side of engine, at Starter Solenoid ... . 
Fusible Link H . . . . . . . . . . . . . . . . . . Upper LH front comer of engine compartment, 

at Fog Light Relay ....................... . 
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POWER DISTRIBUTION 

COMPONENT LOCATION 
Fusible Link J ................... RH front of engine compartment, at Junction 

Block .................................. . 
Gear Selector Switch . . . . . . . . . . . . . In console at gear selector .................. . 

Heavy Duty Coolant Fan Relay . . . . . RH front corner of engine compartment ....... . 
Ignition Coil (VIN S). . . . . . . . . . . . . . RH rear of engine ......................... . 
Ignition Switch. . . . . . . . . . . . . . . . . . At base of steering column, below 1/P •......... 
In-Line Fuse No. 1 . . . . . . . . . . . . . . . Underhood light harness, RH front of dash ..... 
In-Line Fuse No. 2 ............... RH front of engine compartment, near battery .. 
In-Line Fuse No. 3 ............... RH inner fender panel, by battery ............ . 
In-Line Fuse No. 4 . . . . . . . . . . . . . . . RH innerfender panel, by battery ............ . 
Junction Block . . . . . . . . . . . . . . . . . . RH side of radiator support bracket .......... . 
Mass Air Flow (MAF) Relay (VIN 

F)(VIN 8) .......... , . . . . . . . . . . . LH front of dash, on relay bracket .........•.. 
Mass Air Flow (MAF) Relay (VIN S). RH side of radiator support bracket .........•. 
Mass Air Flow (MAF) Sensor (VIN S) . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . On air intake duct, in front.of throttle body ....• 
Starter Enable Relay . . . . . . . . . . . . . Below LH side of 1/P, on kick panel. : ......... . 
Starter Solenoid (VIN E) . . . . . . . . . . Lower RH side of engine ................•.•. 
Starter Solenoid (VIN F)(VIN 8) •••• . Lower RH side of engine •.............•..... 
Starter Solenoid (VIN S) . . . . . . . . . . Lower RH side of engine .............•...... 
ClO0 (46 cavities) •...... ; . . . . . . . . LH front of dash, below relay bracket ..•.••.•.. 
Cl0l (6 cavities) . . . . . . . . . . . . . . . . . RH front comer of engine compartment ..•..... 
C106 (1 cavity) .................... RH rear of engine compartment ............. . 
Cl12 (1 cavity) .... , • . . . . . . . . . . . . . RH front of dash, above accumulator ......... ; 
Cl46 (1 cavity) .•....... ·... . . . . . . . . RH front of engine compartment, near battery .. 
C148 (1 cavity) ......... -. . . . . . . . . . RH front of engine ~mpartment, near battery .. 
C241 (3 cavities) . . . . . . . . . . . . . . . . . 1/P harness, in console ..... • .... _ ............ . 
C243 (4 cavities) ..... ·. . . . . . . . . . . . Below LH side ofl/P, near shroud ............ . 
G 100 ... , . . . . . . . . . . . . . . . . . . . . . . On lower RH front ofengine ................ . 
Gl0l .......................... RH inner fender panel, near battery .......... . 
G200 . . . . . . . . . . . . . . . . . . . . . . . . . . Behind 1/P, on LH side ofsteering column 

bracket .......................... , .... ,, 
Sl04. . . . . . . . . . . . . . . . . . . . . . . . . . . I/P harness, behind LH side of 1/P ........... . 
S121. . . . . . . . . . . . . . . . . . . . . . . . . . . Engine harness, RH front of engine compartment 
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POWER DISTRIBUTION 

COMPONENT LOCATION 
S123. . . . . . . . . . . . . . . . . . . . . . . . . . . Underhood light harness, RH rear of engine 

compartment ........•................... 
S163 (VIN E). . . . . . . . . . . . . . . . . . . . Engme harness, RH rear of engine compartment 

S163 (VIN F)(VIN 8) .•.• , • . . • . • • . . Engine harness, near LH rear of engine ....... . 
S163 (VIN S) . . . . . . . . . . . . . . . . . . . . Engine harness, lower RH rear of engine 

compartment ........................... . 
S164 . .......................... I/P harness, near Fuse Block ................ . 
S178. . . . . . . . . . . . . . . . . . . . . . . . . . . I/P harness, above steering column ........... . 
S200. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, above steering column. , ......... . 
S201. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind LH side of 1/P ........... . 
S205. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind instrument cluster ........ . 
S223. . . . . • . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind LH side of 1/P ........... . 
S224. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, near Fuse Block ................ . 
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FUSE BLOCK DETAILS 
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FUSE BLOCK DETAILS: PWR ACC CIRCUIT BREAKER AND STOPHAZ FUSE 
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FUSE BLOCK DETAILS: WOO CIRCUIT BREAKER, HTR-A/C FUSE AND LID FUSE 

HO r AT ALL TIMcS 
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FUSE BLOCK DETAILS: ACC FUSE 
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I 211AW 2DAMP _ 

t -_,._ -,1.- --,-: , .. i .: , I 
l __ ------------------------------------- -------~-------------------------~! ----------------------l- . --(NOT USED) 
t lfE LIGHT'J~B° . . 
, . .-.rel! 11,T~ILt , 

t!~.~~ E:8. lit~.: 

BR~ 

.I ORN I 40 

A r---, 
I I 
I I 
I I 
I I 
L---.1 
DElC0,80SE 9 

AMPUflER 
.!WM 
(PAGE 150-3) 

1 ORN I 4tl 

r--r:(9-l 

I □ I I I ·-------.. 
CONVENIENCE 
WfillU!O_IIN 
RELAY 
(PAGE 40-0) 

1 ORN 140 

.IDRN 

4D 

1 ORN 140 

c ,,..]~ 

ORN 48 .BORN 140 .IORN I 40 

r---, 
I I 
I I 
I I 
L--...t 

HATCH RE LEAS£ RELAY 
(HATCH RELEA5_E AND 
PULL-DOW") 
(PAOE 134-U) 

....... , 
{ ' .... .., 
1!!. 
~y 
LIGHT 
(PAGE 114-0J 

,, .... 
,_) 

Wi. 
COURTESY 

IJi!!! 
(PAGE 114·0) 

.I ORN 

40 

1 ORN 

40 

.IORN 

40 

A~llJ! 
.8 WHT/lf 4D 
ORN 

·-] 40 
ORN 

i~l 
r- --, 
I ' I I 
I I 
I ' I I 
I I I · I ... ____ ... 

L.--------~ DOME MAP 
UGiii' UGH!] 
iPiioE 114-1) (PAGE 114,0) 

AJ r---, 
I I 
I I 

I I 
L---1 
gJiAll 
IJ.!i.lllll. 
(PAGE 114-0) 

(BLKJ 

.I ORN 1411 

ru! 

.I ORN I 40 
.I ORN I 4D 

.IORN 140 

.l, .1 .1 Alll r----, r---, r---, 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
I I I I I I I I 
L---.J L_ _ _. L---.J L_ __ ... 

OUf!IDE !:!!.fil!.!!.! fil!.!!!!!J ~ 
MIRROR LOCK LOCK MW iwimi SWITCH SWITCH (PAOE15HI) 
ffiIT41 ·D) iiA'oE13D-OJ iiiAii£131MlJ 

n ' 
>' 3:: 
> :u 
0 

~ 
I 
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FUSE BLOCK DETAILS: FP/INJ 2 FUSE AND INJ 1 FUSE 
V6VINS 

HOT IN RUN BULB HST OR START 

[~~i,~f;~~~~~~~~~~~~~~~:~~~~-~~~~~~~~~~~~~~~~~~~~:~:f;~~~:~~~!~~~]~' 
.I PNK 1838 .8'NK/BLK I 139 

I --------------------- ---------------------------------o15£llll 

1PNK 1639 1 PNK/BLK I 839 

D C ---------------------------------------------------------------- £ill 

.B BLK/PNK l1 839 

S173 .-------·-------.. 
.I BLK/PNK II 139 .8 BLK/PNK II 639 .8 BLK/PNK II 639 

AA AA AA r---, r-:--, r--d I . · . L~¼.;_.;\;ii j I . 

Liid ;Jf&: r~ l ij,;:,,,,,,-i t ~!~ i.;:,;;;;;;~;:J 
f.!!.ll ffil!. f..!!ll 
!.!!,!lli9.Jl INJECTOR !!!!llim! 
ru!..1 .!!l!J ND.6 

(PAGE 20·71 (PAOE 20-71 iPAiie 211-71 

.IBLK/LTGRNI 131 

-.;;;illl-=-----11 ...------•-
.I BLK/LT ORN I 839 .8 BLK/L T GRN I 839 .8 BLK/LT ORN 1839 

AA AA A r---, ---, -----, 
I I : ', , . I I . ' I 
'. f, I 1~~,,,.,"! I ~~tf l i:~t-' l~.d j,,;,!.J L lj_.;;'frfJ t'>!:'::;;il· 
FUEl f!!ll FUEL 
lfilWllll !!lliil!!I INJECTOR 
~ !!!!.:.! WU 
(PAGE 20·11 (PAGE 20·11 (PAGE 20-7) 

~ 
I 
-' -
~ 

~ 
I 
! 



FUSE BLOCK DETAILS: FP/INJ 2 FUSE AND INJ 1 FUSE 

VS VINE 

HOT IN RUf-1 Pljl a TlcST OR START 

r--~~~-~-~--::~:,~.;,j7?1T~-----~ .. --_~------------------
F P£1NJ 2 F!JS~ -I --' -'"-•' -' -

·----~-----·-2_..;~~-----
IOAMP 

.8 PNK/BLK t1 139 

G 

.8WHT 482 

A r---, .w 
l ' I FUEL 
I . :\. I INJECTOR 

L :. I (PAGE 21 -8) ---· 

-,,.. ... ---------------------------~.--~~,-r,~."-,.:~~!-'P~,...~~-""'~9'!"!!9!'.•1 fUSE - ,..-, -_ ",(;',;,,, ·J\:~.: ·,~ 
INJ 1 FMSE 
18AM~: _ :; ;-

----~--~-----~-------· 

.8 PNK I 839 

Ul1 

.8 RED ■ 481 

A r----, RH 

I I FUEL 

I -:~ 
~--.J (PAGE 21 -61 

0 
)> 
!: 
)> 
:::0 
0 

00 
)> 

.... -
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FUSE BLOCK DETAILS: FP/INJ 2 FUSE AND INJ 1 FUSE 
VB VIN F AND VB VIN 8 

HOT IN flUN pu~a TEST OR START 

r----------------------------------------------------1 
I 
I 
I 
I 
I 
I 

~---------------

~ 
10AMP 

.IPNK lllt 

-------------------------------------------------~~~-,FUSE . 1rua 
I 

I 
F P/INJ 2 FUSE 
ltAW 

---------------~ 
.I PNK/BLK \1138 

88----------------------------------------------------------------------------&~E!! 

.8 BLKI 831 

A ,.. .... , 
I I 
I I 

I ' L-;..1 
!fil.k 
tNJECTDR 
!Jg 
(PAl' 

,88LK I 638 

.IBLK I 831 

A....,'!'I r .,:, 
00DJ 
!ill 
~ 
N0.3 
(PAGE 22-81 

.I ILK I 139 

A.. .. 
Li ] 
lt\''tm\;,-1 
1£~1":J 
f!ill. 
!!!ill!!!! 
N0. 5 
WAGE22-8) 

.IBLK 1831 

~--~ lt~f-}£; 
1-1·, . '-'r;{ 

,Ji;~ ~-~~··· ~ 
~ 
N0 .7 
(PAGE 22-1) 

.8 BLK I 138 

A , ..... , 
I I I . I 
L.--J 
f.11.lL 
.!!ill!fil!. 
tilLl. 
(PAGE 22-BI 

.IBLK I 838 

.BILK I Ill 

A 

r'."~-J·' I \ :, :· 
I .! ',.-. 
L ;.;;.;;.' 
f.l!ll 
!!ill.I!!!! 
rt!L.! 
(PAGE 22-8) 

.8 ILK I 831 

r'--, I ., 

I . . J 
I . ._ __ 
Bill. 
~ 
!!!.:! 
(PAGE 22-81 

.I BLK I 838 

A n--7. 
I ' .. :.":-. 
I j,.;·-..::,;I 
• .... ;~:~i;_i::! 
[l!;:;f!iJ 
FUEL 
INJECTOR 
~ 
(PAGE 22-81 

CX) 
l> 
I 

...a, · .... 
(1) 

n 
l> 
3C: 
l> 
:JJ 
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FUSE BLOCK DETAILS: GAGES FUSE 

HOT IN RUN, ~U~!l n:sr OR START 

r--------------~------------------------------------ ----------------------------~--~-~~~~~~~~!--~-~~~~~1!.!!!L 
1 
I 

I 
I 
I 

ENO CNL FUSE TIJ8N•8/U FUSE 
IIAMI' 21AMP 

BASES FI.ISE 
11 AMP 

,J .· .!.b2£!!._ 
) •·. 

l' -,i :_. ,. 

L---~------------------------•------------------------ --------------------·---------------... ----!.!~~~:;..'!!J,~~' 
SEE FUSE .. 
BLOCK DETAILS 
PABE 11-8 . 

.I BLKIPNK I 38 

A ,-·, 
I I 

I I L __ J 
AIR SELE~T 

run 
(PAliESZ1-4, 
ZZ-31 

' SEE FUsE°·c:•r:t,,;
BLDCK OETAfi.s 
PABE 11-10 

.8 PNK/BLK 39 

IWHT) (NOT USED) 

.1--- "-:,~::;··- ,- .n,e ·-~·- ·-· 
.I PNK/BLK I 39 

' . 38 
S214 ' l ' 

~ z«1wor« + .. .._., re r , -~ · , ......-!~ ,~ -•.:.,. 

f ./'"-•10· ,,._ ♦ •--~ __, - - .. -7 
-:w·•,,..._:,rK7i'Lic-:-----i .8 PNK/BLK ,, 39 

.BPNK/i\ 39 
BLK 

.8 A1l" W2 

BLKIPNK . 38 

A 
. .. ('9,;~!NK/BLK ., 

.6 PNK/BLK ~Z11 31 1f.]
[ j Al~ ill! 

AI-gn 
BLU 

r--, 
I I 
I I 
I I 
I I 
L---..J 
MULTI-FUNCTION 
LEVER 
(l'AOE 34-1) 

.B PNK/ .BPNK 
BLK 39 ILK 38 .I PNK/,I 39 

.&PNK/BLKI 39 !BLK 139 ~ BLK I----il---1 2A ___ ! __ 1! 1 .fil. &--J3 · g I~ ~ EA E"' 
-------- ----------~• ... ~-, I □ ..---, I I I I I I 
I I l I I I I I 
t_ __________________ j L __ J I I L_ _ _J 
INSTRUMENT CLUSTER BRAKE SWITCH •-------- Dl;FOOGER 
INDICATORS, OAGES, (AUTOMATIC ONL YI CONVENIENCE CENTER· CONTROL 
AND VEHICLE SPEED (PAGES 21-t, 21-1, AUDIO ALARM ASSEMBLY (PAGE 81-0) 
~ ZZ-1 AND 23-11 (PADE 76-0) 

•..: am ■ 
(PAGES 111·1, 80-1, 
11-D, AND 11-11 

.B PNKJBLK !11! l\ .8 PNK/BLI( 

~ . -._ ,,,,_.., ·- r-i - & -:? •,•-Iii-•' 'jg ,,_ 

.I BLKIPNK I 38 .BBLKIPNK I 39 
.8 BLKIPNK 39 

VIVIN E, 
VIVIN F 
AND 

A ....... ., 
I I 
I I 
I I 
I I L __ .J 

CANISTER PURliE 
SOLENOID VALVE 

. (PAOESZl-4, 
ZZ-31 

A ·---, I I 
I . I 
I I 
I I 
L--J 
!!!!.A!Y.ERTER 

ml!!. 
IPAGES21-4, 
ZZ-3) 

a· r•--, 
I I 
I I 
I I 

VI VIN 8 

I I 
L---J 
EXHAUST OAS 
"RECIRCULATION 
(EORI SO LEND ID 
(PABES 21-4, 22-3) 

1-.,--- I ""'- I -1· VIVINI t 
ONLY ~ .IPNk/BLK 39 .IPNK/BLK 39 .8 PNK/ILK 31 

A[~ A;,.. A O""" .-o.., r--.... ,---. .---, I . I I I I I I I 
I I I I .I I I 1 
I I I II I I I I 

J I I .J I I L-- L--J L-- L---' 
ELECTRONIC CANISTER PURGE 616 SELECT MAU. 
VACUUM SOLENOID ~ AIR FLOW 
REiiiii:ii-on VALVE ruve !PAGE 20-11 ~ 
(EVAV} (PAGE 211-2) (PAOE2D-1) - (MANUAL ONLY) · iAiii°ZM) 

c.A r---. 
I I 

I JI L __ 
A/C COMPRESSOR 
Wil!l!!.L. 
RELAY 
~14-1) 

I 
0 

00 
> 
I .... .... 

..... 



FUSE BLOCK DETAILS: .ENG CNL FUSE 

HOT IN HUN BULB TEST OR START 

r-------------------------- -------------------, I . . . 1f.ill 
I . GADES TURN-8/U ENO CN°L ', I BLOCK 
I · -- --- --1 
I . . , !!!!!. . . . . !.!!R . fill I r----··'··; ,,AMP . -~:}({:• ;i: .. ;-ii HAIIP 1•~ 1 L!!.• 1!11 -------~---~--- ___________ _;,__ _____ .J 

.sEJ ,uu.1,·:' f ' ~"n11S1:/; · , PNIU■LK I 431 
BLOCK O~AIU11 \'it.OCK lltTAILI 1 PNK/BLI( 

PAGE;IH .,,:·,~-~ ;:,~!!~JML . Sll. !2-1r-;;9=•-= ~1., PASSKEY 

I I DECODER 
I .fil!!.llll 

1 PNK/ILK I 438 L_ __ J 

VI VIN E, VI VIN F AND VI VIN I f'1',~ 

(VB VIN El 1 PN KIBLK 1438 
{VI VIN F AND VI VIN 8) .I PNIUBLK 439 

.IPNK/BLK ,IPNKIBLK 

VI VINS 

• · or rm, v:r:· w·.c:;••-
438 S14Z 439 

.IPNKIBLK I 438 

B 
.-••~ ELECTRONIC 
I . . •. I SPARK CONTROL 
I : l(ESCI~ 
L_.;._, (PAGES 21-5,22-1 

AND23-t) 

ABJ..£! 
,---, ELECTRONIC 

I : . . · ' fil!!il!!!!l 
[

·'..: :. · :·; MODULE 
: . (£CM) 
__ _J (PAGESZl-li,22-B 

AffD23-II 

Al Ail 

r";;"'.~] EL@CTRONII; 
. . . . . ill!!!!!!:. 

' : , · I MODULI/ 

Li~J ~:!~~ ZHI 

01) 

J> 
I 
..I 
..I 

00 

g 
~ 
:a 
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FUSE BLOCK DETAILS: RADIO FUSE AND WIPER FUSE 

HOT IN ACCV OR flU!i r-------------------- -------~--.. --------------------.. -,..~ .. ..., .. -11111!""."'., f.!!![ 
I . . . • 1..1.m. 
I .:=..;.;..;..;~ WIPER FUSE . I 
I HAMP ., . , _, I 

l_ -~~~---------------------------- ~-------------------~J 

.& YEL 43 

I r:.o, 
I I 
I I 

,· I 
· . "..J" 

._ __ 
ll!!!!!l 

(NOT USEDI 

(PAGES 1511-0, 150-1, 1111-2 
AND 161-0) 

1 WHT I I 83 

•R~ 

WHT II 93 

r-.. 7 WIPERJ I WASHER 
I mn:m L J !PAGES ao.o 
-- . AND 11·01 

(') 
l> 

~ 
XI 
0 

~ 
I ... ... 
I 

(0 



FUSE BLOCK DETAILS: TURN-B/U FUSE 

MANUAL 
HOTINlllJN IIUI.BTESTOA~TARJ' 

r---- -------------------------------------1 FUSE 

1 
I 
I 
I 
I 

liuii:K 
TURN-BIU FUSE ,: ENO CNL FUSE ' IIAGES FUSE 1--
ZIAMf ( 10AMP ····- ·· . \ HAMP I 

L---
I 
I 

----------------~-----------~-------~ 

2 OK BLU I 7& 

B ----, 
I I 
I I 
I I 
I I L __ .J 

IllJlft 
~ 
(PAGES 112-0 
AND 110-0) 

· $EE FUSE 
BLOCK DETAILS 
rAGE11-I 

.BOK BLU 17& 

a&a .uu 

.I DKBLU 176 

A 
r--7 
I I 
I I 
I I 
I I 
L..-... 
WJUlf 
MIRlf 
(PAGE 112-0) 

,SEE FUSE . 
' BLOCK OETAlll 

PASE 1H 

AUTOMATIC 
HOT IN RUN, BUI.B TEST DA START 

,-- -----------------------------------------, FUSE 

I I ROCK 
I TURN-8/U FUSE ENG CNL FUSE GAGES FUSE I --
1 21AIIP 1tAMP IOAMP I 
I I 

L- --------------- -------------- ---------~ 

2 OK I 75 
BLU 

I r---. 
I I 
I I 
I I 
I I , ___ .J 

TURN 
FLAS"ER 
~-DANO 
110-0J 

IE.UUIE · . 
. BLOCK DETAILS . 

PAGE 11·8 

.I OK BLU 

11i 

C ,---, 
I I 
I I 
I I 
I I 
L--.J 

.llWI 
!ill.WR 
~ 
(PAGE 112-G) 

i iEE.fl!S~ i :.:'- \( 
I: BLOCK OETAl~) 
, .. PASE 11,'P . <; 'J',.,:,. 

ex, 
> 
I 

...a. 

..A 

.... 
0 

~ s: 
l> 
:xi 
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FUSE BLOCK DETAILS: FP-FAN FUSE 

VIVIN F, 
VIVINI 
ONLY 

VI VINE, VI VIN F, AND VI VIN 8 

r 
.IT-HTI"' 

.I TAN/WHT ~ I TA11,Yill'J r-----;;;---"-t ;;;;--;:--1 
I I I 

IFIIHIMI 
'"""f ______ , FUSE I 1--
1 FP-FAN I BLOCK 
l FUSE ,--

' HAMP I L- ______ _, 

.I BRN ■ 250 

D&ill! VIYINS 

I 
. 8 TAN!tlHT i 21i0 

~ ~ •.-,;:-.-,,._.-....-..:-.-. . 
\ !ill 

! ~ 

I j i 
. roo ... .,.+~ I 

., .. l"' I I 
l I ., . .,.., I "' ., .... n1 ... 

I 
I i l-: ol ol F 

r-.,..., HEAVY [:""'"'I cooLANT r-. '"'""l oeNERATDR 1-- ,,, • ,--- ,·, 
. .1 fil!!! .... : .; I ill_ ·,:Ji.·,-~, (PAGES 31-8 
: ' 1 ~ ·<)d,1 ~ t· .,, .:},:d AND 311-71 L.:. .. :..-:J FAN RELAY :: t:£1 (PAGES 31-1 AND ··•1~-· I 

(PAOE 31-31 ._ 31-2) ---• 

i ul 
r•-... , COOLANT 
I ,ra.
l I RELAY 
L~_;_J (PAGE 31-411 

if 

r!_!, OENERATDR 

! .. :··,.-:., I (PAOE 30-11) 

L,,- .' ."···· 
.:.'..;.;:...1 

~ 
~ 
::a 
0 

~ 
I 
..a 
..a 
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FUSE BLOCK DETAILS: CRK FUSE 

.8 PPL I 10& 

· B Sill! 

.BPPLI 808 

VIVINS 

r.-J 

.6 PPLiWHT II 108 

ll~C207 

.8 PPL ■ 606 

5181 

;,., FUSE 
''\·I BLOCK ~;·,--

~£1'.:'!iJ 

,5 PPL,WHT I 806 

.8 PPL I 8111 

r'.~1~~J =J 
blifr\~l. I !!!.:!ill!!!! 
I .&!.'.it . (PAGES Z0-5, 
t.;. ... .;.J 22-4 AND Zl-41 

VI VIN E 

~ 

.6 PPL/WHT II 806 

ll~m! 

.8 PPLiWHT I BOB 

CB/I,.£? 
l';'.~.°'.'.7 ELECTRONIC 
1@:£;t1 I CONTROL 
lSi.t,T\1 MODULE (ECMI 
I·,~·, •'':l ·,,,.,(.,'' (PAGE 21-41 
i..--

VI VIN F, 
VIVIN 8 

.6 PPliWHT II BU& 

II ,ia, Q!l1 

(NOT USED) 

: 
I 
..I 
..I 

.... 
N 

~ 
~ 
:D 
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CAMARO 

~ 
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<( 
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LIGHT SWITCH DETAILS 

POWER 

fjOJ AT A"~ llMPi 

1 RUST 

IV& VIN SAND VB VIN El & RED 
(VI VIN F AND V8 VIII Bl 3 RED 

3 REP 

£.!!!!!.!!. 
~ 

2 !:!! !!.!! 

DISTRIBUTION 4 n s Q.. 

z 
fill! 
z 

r !;'.'J:"-::":l MM. r.-rr:, !l.!!M5 r1"--, JlJllil. rr~1 !:!!..!!!!!!!! l]cr;'i::I fil!.R!!.!!!! ,C..-"1:, filll!!!!m tif ~ 
h:f~t-.:. 1lfil!.ll l~i~' >'._' l!dJ!!!! '.: l!:!fil!.I , -t~(f>. 1:!Mil ffll/:.:Jl'i .:!!!! \'t *' '!!filill l'i~•~p\ I · ,::.:~- (PAGE 114-01 I :<~/- I ll'AGE114.0) I . (PAGE 114-0ll' !i-~ i,dfil!lli!i 1~•:t'.:. !!ill!! q (PAGE 114.01-.:..:.." 

CELL 10 

JREO Z 3RED 

Al a£.!!! 

JREU I 2 

.& RUST 

4 .. 

!JWW 
LINK H 

,..: .. , FOG LIGHT 

A 

I I~ 
I .. , I (PAGE tOD-4) 
I •. ' I 
L_.;._, 

WITH FOG 
LIGHTS 01"'" 

2 

2 

JV 

2 YEL 10 

IBRN 

c,... 
r'?~";;,'1 HEADLIGHT 
l-·.·,,,,.,.s •,:,:,1 DIMMER 
Jy~;;~:,~1 swijcij" 

t'}tf!J ::~~~00-3) 

L .'' ··,J ~ .. .J L J L ,t,~, j (PAGE 114-GI .. /~ ) iJ (PAGE 114·01 

ml A-~- d .... --- ---
.IWHT 166 .BWHT 168 

~ .IWHT I I 168 .BWHT 111&8 .IWHT I I 158 .BWHT I I 161 

JRED 2 ,IWffTll158 

r
·-i:-- ........ ~.,. .. ,.._, ~ 
· , . . ' f~;~i\,~.;!.,_~ I !!:!E!, . . s · : ; Uill t'f~J .... w-,TH-. - . ---.-n...,...wi--WI-T_H_O_UT-

1 '.· :· ! S ~tj• :;fJtlf i ;;'. : MAPUGHTI MAI' LIGHTS 
I :'• i8Allf',.'. '!. · Zl~Pi/>· 1 
~.;.~ --~~~J 

SEE FUSE 
BLOCK DETAILS 
PAGE 11-3 

.8 liRN I 240 

·-J 

<}~t .\ ··:t :·:'.·; ·~ .. t· ~ ·-·: 

8 1 BRN 19 1 IRN 

r;":'T--:1 CONVENfEHCE 
· ~A. ,. WillR 

I ·u"1 :_· :::i · I AUDfO ALARM I · · :. : II I ASSEMBLY 
I .!: : ,---, ,., _..;..JI L.;. _____ .,. 

8 
.... - --, flAfilll I I (PAGES 1611-t, 
I 11611-21 
I I ___ _. 

I 

.IWHT 

1&8 

.6 DK ORN 44 

mt 

.IWHT I I 1r;o 

B 

!!!l!1I 
SWfTCH 

3 Bl: J 160 mi!---· .... 1., .. .. ,, 
,,m1RoUN0t1 

· 3 ILK I 160 .JlltTIIIIHillN: 

T ,,_ .. 
/ i'w 

.BWHT IH 

~ 
I ..... 
N 

I 

0 

~ 
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WITH FOO 
LIGHTS ONLY 

1BRNl9 
11 il!!l! 

1 BRN · 8 
!l!i .8 BR,1 -9 

ill! • 1BRN 

.5DKGRN I 44 

,----------- ·"~~M~----l!J.!n I INST LPS FUU . • I BLOCK 
I . 'AMP ; l I ,, . • •. I I , , . 
I INST LPI . _: .. .. I 

L- -------•-------- ~-~ 
1BRN .58RNI B .8 BRN ■ 9 .8 BRN I G .6BRN ■ 8 

D !clll I(BRNJ 

.8 GR: I 

6 
• --... fll!l 
I I 

I 
I LIGHT - - ,--... · •RETAv 1-, !:!!lfill!il , LH FRONT 

.JI iPiiii"'too-41 l . ) IdallWl ( ,1PARKQUR~ '--- .. _ !.!.!i.!1J , ____ .., IJilll 
(PAGE 110-0) IPA0E 111·0) 

.& ORY I 8 

7 

.8 BRN ■ 9 

....-:", IJ!.m.a 
I ·/ MAlUWI. 
\.~ LIGHT 

WAQEII0-2) 

lll!! 

.& GRY I 8 

rj!'.tl:,;q!!a!llil -,~i)._, ·····~!• 1 ti O HT -~:,~ ~-~~· .... ,' --
,p~•~iti •;t-"l (PAGE 117-CI) 

1t t~fi1 
1,ll£~ -~ i l •~-r-.\i:.lii 

t':':_,,,. HEATER•A/C 
l ·:,: :. ~ 

...,;. HEAD LIGHT 
(PAGE 117-0) 

,-.. ---..... !!!!.!!!!!1!! 
{ ; PARK/TURN , ___ ., LIGHT 

(PAGE 110-0) 

,8 BRN. 9 

.8 BRN ,r.-) RH FRONT 
l MARKER 

' 11.!llil (PAGE 110-0) 

D 

Ul!Z 

.8 BRN I . I .8 BRN I I 

~•""7:~\ LIi TAIL/ 
( ,:;:,".:i',:,'if{r. I ll2f 
\,;-;:,;;;;~~I UOHT 

iPAoE 110-21 

!,;•t:t•. ~~, 
\ 11.;: F~ ,. 

.& GRY I 8 .a GRY 

Yllm 
LIGHTS 
IPAGE110·2) 

.8 ORY 

""') t : ,_ 

.5GRYI 8 

,-----, DEFOGGER 

I t I £filil!!!! ! ('> :· I~ 117-0) 
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-~--~.I 

.I GRY I 8 

.URN I 9 .atlRN ■ I 

.---"".._ RH TAIL/ I'~ fil!.llW 
L ·:, · -t~miP 1., ,,)M!!lW 
~ .. _ . __ ., !:!§!II ",..,. JJ!i!1I. 
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B!! 

.& ORY 

,5 GRY B 

3 r-, CONSOLE 
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'-..;.;:;, (PAGE 117-0) 

,-, SHIFT 
{::;_ ;_,J INDICATOR 
-.._. LIGHT 
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GROUND -DISTRIBUTION: G117 
ENGINE GROUND: VG VIN S 

r"':"'."-1~ 
I . If!!!. 

t:it:1 
A 

JILK■ 150 

r--, A/C 
I I CONTROL 

r--7 ~ r--7 lb.m!IB 

l IHEAO 
L~_J-

I . 1 .llWlL I I MOTOR 
I . I illi.!!. I I 
L - . I RELAY ::, I 

A ;y- L--1-Q 
I I "" "" ·~ 

.I BLK 160 ~ 
• 1_112 

160 

r---,~ 
I . I !!!!!!f! 

, . ··' I MODULE 
I _ ····1--l;I~~ 

1 ILK 1&0 

c...,~ 
IBLK 

160 

3BLK 1161 

D ~£!!!_ 

160 

llil 

3 ILK I 161 

-!, !ill! 

r---11& I COMPRESSOR 
I l a!!.!fil!. 
I I L-~-• 
A 

1 BLK I 1&1 

r-~n ELECTRONIC 

I ·: · 1 CONTROL 

I :.· ;_ i . .:. ! !!fil!!!ll. (ECU) ._ __ _. 

o,Yn 

1 BLK/WHT D 460 
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GROUND DISTRIBUTION: G118 
ENGINE GROUND: V6 VIN S 

ELECTRONIC CONTROL 
~(ECM) 

~~] t __________ .. 
QI !i1 Al2' ll 

ll!!. 
!!!!!!!!fil 
~ 

r:.:;t1 
l•··J .. ,. 

,:1t ! 
L;:;. _ _. 

A' 

~ 
AIR 
FLOW 
RELAY 
r-..,., 
1· r\d 1 · .. I 
._ __ .J 
F' , 

.ULK 4511 .8 BLK/WHT 45D 

' 

J BLK/WHT 

460 

.8TAN 

413 

ELECTRONIC 

~ 
REGULATOR 
VALVE 
(EVRVJ 

r--,-~ 
l-'.":-;t.:1:W', 

L .. •·:·.•·': f 
·;..::;._,. 

o' , 

.I BLK/WHT 450 

t!!ll 
~ 
!!!!M 

~~Nn ll,1r,t • 
Lt:::~J 

B' , 

1 BLKJWHT 4&0 

~ !/ /•,m 

1 BLK/WHT 450 

' *!ill!. 

~ 
STEERING 
SWITCH 

r---, 
I I 
I I 
I I 
I I 
L..--.J 

8' 

.!!ill. 
INSTRUMENT CLUSTER lli!E!!'II 
PRINTED CIRCUIT ~ 

r--7 
I ·. I 

I . '1 I · .. 
a_;.....;.J 

r-:, ... , 

L
l.~~><i 

__ ..J 

u -~ 

~ 
DECODER 
MODUtE 
~"!'-!.lf!t7 IY,:1;::, 

!.::'t]~:;.1 
~TT_. 
Bl 

.8 BLICJWHT 450 .I Blk/WHT 450 .8 BLM T II 450 .I BLK/WHT 11 461 

.8 BLK/ ' WHT M .. .B BLK/WHT 
. 

460 460 • ggz • 

BRAIDED OROUND 
STRAP 

{ •.. ~,, 1,. .. " 

ASSEMBLY LINE 
DIAGNOSTIC 
,b!!! (AL DL} 
CO!!ru.!l!.!! 

A 

.8 BLK/WHT I 450 

~ s: 
):I, 
;Q 
0 

00 
)> 

I 
..a 
~ 

... 



GROUND DISTRIBUTION: G112 AND G118 
ENGINE GROUNDS: VB VIN F AND VS VIN 8 

1 BLK/ 
WHT 1460 

.B BLK/I

1 WHT 460 

.B BLK/ 
WHT \1 450 

.8 TAN I 413 

.8 8LK/ 

ELECTRONIC 
_ CONTROL 
IMOiiiiiT 
iecMr 

,._.;i 
E 

WHT ~ 450 

:::,;-;r:~,:'I ill. 
!!!lli!!fil 

•l"f(i;~-·""'1 SWITCH 
[:;~~~--

A 

.8 BLK I 450 .8 BLK/WHT I 450 

460 

1 BLK/WHT II 450 

,t!!!..!: 
I tllM1' 
IBllil 

.8 B LK/WHT I 460 .I BLK/WHT II 450 

M .1 BlKIWHT 

ill! 450 

~ 
~ 
MODULE 

GEAR 
SELECTOR 

!!!!fil! 

.BBLK/WHT II 460 .B BLK/WHT II 460 

.8 BLK/WHT 11 450 

A 
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DIAGNOSTIC 
Id!!! (ALDL) 
CONNECTOR 
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~ 

N 

0 
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1 BLK/WHT II 450 

MASS 

M!!. 
FLOW 
SENSOR 
r--7 
I I 
I I 
I I 
L--_J A- -

.B BL KIWHT I 460 

1 BLK/WHT .i 450 
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~ 

l 

I 
I 

.B TAN i 413 
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SPEED RELAY MOTOR HEAD 
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I I . I I . I 
I I I I I I L---• L-..;..I L---' 
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"'T· r---, EUCTRONIC ,---. WIPER 
I I SPARK l I MOTOR 
I l CONTROL I J MODULE 
I I IESCI I ---
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1 BLK 160 

TH C ill! 

.B BAN 1488 1 BLK 160 

l BLK 160 

3 BLKI 160 
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L.,...,_j 
A 
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GROUND DISTRIBUTION: G112 AND G118 
ENGINE GROUNDS: VS VIN E 

INSTRUMENT 

tl.llfilB. WlW GEAR POWER FUEL 
PRINTED DECODER SELECTOR STEERING PiiMP 
CIRCUIT !Q.l!.!!l! !!.!!£!!. imcH RELAY 

ELECTRONIC 

~ 
!:!!!.mill 
(ECM) 

BLOWER HIGH 
SPEED RELAY 

A/C 
BLOWER CONTROL 
MOTOR HEAi, 

r--7 r-,.., F1?1 r~,..., ~.., 
I I I I ,: I I · I 
I I I I . I I I 
I . I , · I I I I 
L __ ..J I .· I L I L~:J I I ---.J ~-~J L---1 Lll~f ~::::::=::::] r--7 r""!'"'.!!"I r··1 ·· .. :· I 

I I I . ' I I ·. . I 
. ' lb.id '--•-- ---.1 

BV£! e,y AY a'I' a A12T £1 08 

.1 BLK/ (I .8 BLK/I .8 BLK/ I 1 BLK/ 
WHT II 450 WHT ~ 450 WHT L, 460 WHT l, 450 

1 ILK/ 
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413 
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~ 
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~Sll!IR 
CLUTCH r, ,., 
l:: · ; . .J ---

A 
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J:,, 
:a 
0 



GROUND DISTRIBUTION: G1O3 AND G1O4 
LIGHTS GROUND: FRONT 

!:!!!!!!!!il. 
PARK/TURN 

!:!fil!! ,~--, ' ' ·.. \ 
'\ · . 1 ._. ___ ., 

.& BlK 

151 

LH DUAL BEAM 
HEADLIGHJ ,--~-, 
I . . \ 
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.& ILK 
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LH HI BEAM 
HEADLIGHT -, 
( I 
.... _✓ 
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.~ 
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\_) I / I I C I \ , ... _____ , , ___ .,,, ,_., 
...... "' ' 

2BLK 1162 .& BLK I 162 .& BLK 1162 .6 BLK I 162 
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I 

PARK FRONT 
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!!E.!!! .,.----, , ' l I .._. __ ,,, 
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'-✓ 
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• 
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.& ILK I 151 

J!!!!! 
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' , , ____ ,,,, 
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'•#_ 
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PARK/TURN 

!:!fil!!. ,~--, 
I . ' ' . ·:'' :. , , ___ ., 

.& ILK 11&1 

r 2 ILK 151 

-=-fil!!. 

• I BLK 
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RH HI BEAM 
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GROUND DISTRIBUTION: G303 
LIGHTS GROUNDS: REAR 

~ ~ 
~ !!!M! LHTAIU 

!!!!.!!!" !:!.fil!!. STOPLIGHT 

,-" /~\ r;:~;-:) ' . ) \ . . I ,_ , .__, . '-.;;;.;;_, 
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I ', .-:•· :,.;.,i i;\ I PULL-DOWN 
I ·,,_~' '. I~ 
L,r---------.J 
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A 
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r7 .. r-_...,, HATCH IROC-Z 
,. j.£!U!!A£! 

L- -- ASSEMBLY r"':".°_r_,...,cii'NT'm MADE 
I •. · lw1TH HATCH 
L-- -.JCLOSED Ar 

RH REAR 
MARKER 
LIGHT 

,-) 
\..,_~ 

.8 BLK I 160 

~ 
I 

-11 
,l=li 

a, 

~ 
3: 
), 
:0 
0 



GROUND DISTRIBUTION: G200 
INSTRUMENT PANEL GROUND 
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MUL Tl-PORT FUEL INJECTION: V6 VIN S 
IGNITION, SERVICE ENGINE SOON INDICATOR, AND TACHOMETER 

HOT AT ALL Tlr,IES 110T I~ fiUN, IJULQ TEST OR START HOT AT ALL TIMES IIOT IN nuN, UULIJ TEST OR s TART 

r ... -~~;'.':"i,"!: ~:'.'.!" :\" ;"'~,J IGNITIDN rl ¥-.......... ~-.... 1 FUSE IN-LINE FUSE l":,r,, ·11io'i'IW~T,7~ 1 ··.,·: .',:•~·:;'.,,(?;,, •.·~~1',c~~fitJi.f 1 SWITCH . . GAO ES FUSE >i·: _.. -BLOCK FUSE ND. l iuicK ·.•;,_ .. :,•~ J,/~~f 
• . ·. ·· "!, .. . •~\ - .. • ~N"tl,..;-s ;:'\t•" ·i¥'".1':'li ••·' . • '', • .. · · ~ . . · . . -- -- J:• . ! ~ "~:il~l~r · 
I ·Accv. :. ,>: ,•, ,.·:~1ft ,~'.i' '••rl 1r 1' G•E'EF"•·-,;;;:;:.fH •, 1DAMP ·:. : .. :.:•. ZOAMP •, ;, ·. ' F~UllSEE\lfr.-!k 

1 · · · • ·\·' · .. . .. , ·· • ~ · " · , ... ,. . . " HE FUSE ., ... ,· · I ·. '' ;--;-,.'"l ·•r -
•1 . . : -._, . . . '.s, i:i , ,iit, ',/ ; .LOCK DUAlllJ.,~ I ILOCK DETAILS ll·' ! 11 Arll;'>i°, ' 
l · LocK : ·,i: • · rEST· .. .J ; cELL11 '"'··· ·'-. ,: L----------J -------. Off _. ·. , "UN , I ... , ... , ... 
I . , ~; · _' . , : · I ... .8 PNK/BLK 39 I PNK/BLK 438 
'--------- ---"--J II .6 PNK/BLK IEI! POWER 1 PN ILK 

l g n-___ 

1
. -. •- ss rl -a11rR11uT10N :..-- a 

DIITRIIUT 

JPNK J -~£EPOWEl( i.· ••~ ill!. 3a !:ELLI~ ;_. ·.~: : ___ ,. 438 
1PNK/ILKJ439 W§i----. DISTRIIUTIDN\ .6 PNK/BLK 31 f C201 

EL 1 ••,,·, 10,,.. _ _ ___________ e_,... !1 ='-"-"'=- A1 -===~· 
3 PNK 3 ~t -~ .Jl.'""1.,,, ... r-----: "":~'!"!":'"'"'""!"'T .. ,._~1:~r"."""'I!!'""-.. ~ .. -, INSTRUMENT ~!Jl'rll'l'I PASI KEY I ELECTRONIC 

f4 CtoO ,' INITIIIIMEIITPAHL , . · cr-1 un•ED 1 DRN 340 1J•r1•.,:-.. 1-DECODER CONTROL - .,......,...,_,_,·' ·- ·~ •== .... ,,. ,, --
08 .5 WHT 111 TACHOMETER :, / ·: G)ENGINE · I PRINTED t ORN 340 1!~1:!;'-: MODULE MODU~E IECM) 

3 PNK I 3 

i) (IL_,, , SOLID : · --n- I CIRCUIT I · : j SOLID STATE 
ClDO 121 Cl j ITATE ·, ·, , · · U!I!!: I L...... .I PNK/BLK 438 DD NOT 
- - I .· . . ' ' y . INDICATOR I MEASURE 

I . INSTIIUMENJ:PA!,IJ~/ •:· ._k·" .. · · : J A8 Cl RESISTANCE 
.BWHTI 1121 .. ___ i -ci----------5- c,------- r--------~. -~.~ .. ~~~-19!'.,. .. --~ .. 11!'!1.__~~~--

.s BLKJiio .8BRN.WHT1418 .. . IBRN/WHT A61 '1ERI/ICl.;. , . ,, , ,: , · ,, , . ' ·, _, .ATT~IIY ~ __ ::-,;) .!. ~!' , , , . 

.IWHT 

\:aEa:pllQ~~ii>►---·~ dll. 418 ~rz ~::.~:~~~~h/::'.' :'.\; :.~~ ;~li:~,J~W11~n:,!~~~~!I~[::::• j ';';; :·1;r:~{L Y[1U 
kirrL~Jt~T!~fi'. • .8 BLK J BLKI 160 1. :..:1 ~Q'{Tflll}~' '\8.' '$;~~~t ::~11-~~: j~~WJ I ,·1~lt*i- !~+'. 4. JI! q¥.:,' :~lt'Wk' 
., I ., -ti.~~,, ,so '~™ i •. ~~ ~:~~~ ~J~:~~~:,~r~-~·t~\ ·~f~, ~wf~~~'~f~~:· .. ~ir14t ;';,:~{~;~;~~'.;:~, 

c114 I DIAGNDITlc .::·;·, : Atv ,-1:i, ,;11v . 11.'11 . , 1v .. · · n'1:- : .;JL/;p:t 
TACHOMETER I ''TEil" . ,:·: . _; ·,,.' .. ·: l!IIJ~laUTO" .71V IPARt<.TIIIIIII • . ·1 , . .,.,, ,, · ~.A!';iONl~OII 
DIAGNOSTIC ==='-"'= ,eWHT/BLKE .awHT/BLKA&I INPUT · .. ·•_.:;:J\"i.: :,;_. ~:&t.•11

_,~~-~ : .o_u,,uT:· ·· · ;,:::\h ) li Molll/Li 
CONNECTOR ASSEMBLYLINE a) -: -))2 ir -( · · .··rn ·, ~O.. ,:.: . ' . '/: .: i: ii ·IYPAII 

DIAGNOSTIC 451 H!! 451 £!I , ," .• "'·.;,1, , : , . ; • • , : , • ',. ·1.:- .. ;l•OUTPI/T 
LINK 1AL0L1 A>- , . .. · . '=' > . . .·. .,;>/ t ::v .>:: : . .f:' · :;~,r }1w.-:-~~111 ,, ;h·; :.: +;;,•• 
coNNECJOe , I . _G. ,.:·?: . . , ,.A:r!At;,, . ·-: '°~'"··!1:-,,1 . . ,,_ .. 1,•-~l

1
,,.] 1!r,!L.\ 

I L . ·" .,., .. , _ _., "=' · ,, P' .: ·1 · . : · ·- ITATI ' - · ·'. ",· -!/.\: " •!· , ·: !,·, . 
SEE IROUNQ ·. ----- __ ;_,:_____ -~._.~ ~~ -----=--~ .,.__.·--•- ~-·•-

121 ~ IIIJffll-~~o~., 013,g_ B6"t _____ iiY ______ iH1'n o6Ya 
[ ~hU~) i;i[( :'I •• ILK 41i2 

.A..!!!1! 
-= r---•llll. 

ELECTRONIC SPARK TIMING (ESTI DISTRIBUTOR .. 
MECHANICAL OR VACUUM.SPARK ADVANCE M(#.U~Jl,l'Q.IIT:~•it,1,f,'f,F;1 

~';I, ' ' . - . '.<'. ·~ iJ!H~_ll}lj gT19111, ,\ ,;·Ji•, ' 

I 
I 

L,.,, l .' I.;;... q)-~~:• rt - f'f -rlO- - ·-

.B PPL/W HT II 430 

.I BLK/RED II 463 

·« rffllhlh-dtt' tt 17-

.I TAN/ILK 

,BWHTI 1423 

424 

C148 
SETTIMINO 
CONNECTOR 

.ITAN/ILK I 424 
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MUL Tl-PORT FUEL INJECTION: V6 VIN S 
COLD START AND EMISSION CONTROLS 

NIMiliiiMI 
:-~. .,,::"Ji.'.i7i!-1.!!!!t 

l
_.-:i:i, ',~ ~~r1t( - BLOCK . ;·:. I~~i:::;r.1--
- ------

.& PPL/\VHT 11 808 

,I PPL 108 

R,• C207 

•• . . • ill? 

.8 PPL I 80& 

.IPPL I 801 ···""' I !!!!!!. .. , START 

INJECTOR 

2r .... , .,, 

•~---------~A.ill!. 

.I PPL I 108 .&TAIH!i 832 

8, A~ I ' l~~~T 

-= 

SWITCH 
OPENS ABOVE 36' C (81' Fl 
STAYS CLOSED FOR I SECONDS 
WHEN COOLANT IS -20' C 1-6' fl 

MANUAL 
TRANSMISSION 
ONLY 

ASSEMBL y LINE 
DIAGNOSTIC 
l£!!i (ALOL) 
CONNECTOR 

C 
A 

HOT IN RUN, BULB TEST OR START 

l
~ r;.~~!'-Bmffl11· .!!!!L 

. 
.'~}:,t · ~-~~~!'l~~f-~~;:.; .!!.9!!L 
}~[ {~·,_ 
-,,W.- ·1·"-,..- •· 1•u""Jl"J•• .. . · -. i-->:~:-~:.- .. tt';'fr:;! ·-"-•-W-~ 

-- -----------.8 PNK/ILK 11 39 

.m1•----., __ mr.u.1,tf!}~'N 
.IPNKIBLK13a fn11G~1J.JT~!~,, r! 

_,-. '' CELl, '1) :,, ,.'·;; ;;;·: A7

1
~ ,- _ , · ... , .... ,;;._,.,.,<1 

,I ILK/PNK 39 ; : 

,I BLKJPNK .cBLK/PNK 

39 !!Z§ 39 

A 
r.7'flA1R 

.URN 
438 

111 J -I ~~LCvci 
CANIST!:R 
PURGE 

I SOLENOID 
VALVE 

COMPRESSOR CONTROLS B a. 

.8 DK GRN/VEL I 428 

CEILL 

64 

.a BRN 438 .1 BRN 143& 
!!.1!. 

.BLT 8LU 005 
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MUL Tl-PORT FUEL INJECTION: V6 VIN S 
ENGINE DATA SENSORS AND TRANSMISSION CONVERTER CLUTCH 
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MUL Tl-PORT FUEL INJECTION: VG VIN S 
IDLE SPEED CONTROL, FUEL CONTROL, AND VEHICLE DATA SENSORS 
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MULTI-PORT FUEL INJECTION: V6 VIN S 
MASS AIR FLOW CONTROL 
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MUL Tl-PORT FUEL INJECTION: V6 VIN S 
FUEL INJECTORS 
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MUL Tl-PORT FUEL INJECTION: V6 VIN S 

COMPONENT LOCATION Page-Figure 

AIR Select Valve (VIN S) .. . ..... . . Lower RH side of engine, near oil pan. . . . . . . . . . 201- 0-B 
Assembly Line Diagnostic Link 

(ALDL) Connector . . . . . . . . . . . . . . Under LH side of 1/P, below Convenience Center. 
Brake Switch ......... .. . . ....... Top of brake pedal support .... . .. . .. . .... .. . 
Canister Purge Solenoid Valve . ..... LH front corner of engine compartment ....... . 
Cold Start Injector . . . . ..... . .. .. . Top rear of engine .. . . . . ..... . . . .......... . . 
Cold Start Switch . . . . . . . . . . . . . . . . Top front of engine, under intake plenum 
Coolant Temperature Sensor (VIN S) Top front of engine, under intake plenum 
Electronic Control Module (ECM) . . . Behind RH side of 1/P ... . . .. . .. . . .. .. .. ... . 
Electronic Spark Timing (EST) 

Distributor (VIN F)(VIN 8) . . . . . . . Top rear of engine 
Electronic Spark Timing (EST) 

Distributor (VIN S) . . . . . . . . . . . . . Top rear of engine . .... . ... . ..... . ......... . 
Electronic Vacuum Regulator Valve 

(EVRV) . . . . . . . . . . . . . . . . . . . . . . . Top RH rear of engine ... . · . .. . . .. .. ... .. . .. . 
Fan A/C Pressure Switch . . . . . . . . . . Lower RH rear corner of engine compartment, on 

A/Cline , .. . . . ..... ... .. . ...... ..... .... . 
Fuel Injectors (VIN S) . . . . . . . . . . . . Top of engine, under intake plenum 
Fuel Pump Relay (VIN S). . . . . . . . . . LH front of dash, on relay bracket . . ... .. .... . 
Fuel Pump/Oil Pressure Sender/ 

Switch (VIN S) . . . . . . . . . . . . . . . . . Lower LH side of engine, near oil filter . .. . ... . . 
Fuel Tank Unit . . . . . . . . . . . . . . . . . . Top of fuel tank 
Fuse Block. . . . . . . . . . . . . . . . . . . . . . Behind LH side of I/P . . . . ..... . ..... . .. . .. . 
Gear Selector Switch . . . . . . . . . . . . . In console at gear selector .. . ..... .. ........ . 
Idle Air Control Stepper Motor (VIN 

S) . . . . . . . . . . . . . . . . . . . . . . . . . . . . Top of engine, on rear of throttle body .... .... . 
Ignition Coil (VIN S). . . . . . . . . . . . . . RH rear of engine .... . . .. . . ..... . .. ... . . .. . 
Ignition Switch. . . . . . . . . . . . . . . . . . At base of steering column, below 1/P .. .. ..... . 
In-Line Fuse No. 3 . .............. RH inner fender panel, by battery .. . . . . . ..... . 
In-Line Fuse No. 4 .•....... . .. . . . RH innerfender panel, by battery .. . .... . .. .. . 
Manifold Air Temperature (MAT) 

Sensor (VIN S) . . . . . • . • . . . . . • . . . Front of engine compartment, on air intake duct. 
Mass Air Flow (MAF) Relay (VIN S). RH side of radiator support bracket . . ........ . 
Mass Air Flow (MAF) Sensor (VIN S) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . On air intake duct, in front of throttle body ..... 

201-12-A 
201· 8-C 
201· 1-A 
201· 0-C 

201· 8-D 

201- 0-A 

201· 2-A 

201· 3-A 

201· i-A 

201· 0-A 

201-12-A 
201· 9-C 

201· 2-A 
201· 2-A 
201-18-A 
201· 2-B 
201· 2-B 

201· 3-A 
201· 8-A 

201· 3-A 
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MUL Tl-PORT FUEL INJECTION: V6 VIN S 

COMPONENT LOCATION 
Oxygen Sensor (VIN S) . . . . . . . . . . . RH rear of engine compartment, on exhaust 

manifold ............................... . 
Pass Key Decoder Module . . . . . . . . . Behind LH side of 1/P, near steering column ... . 
Power Steering Switch . . . . . . . . . . . . LH front of engine compartment ............ . 
'l'hrottle Position Sensor (VIN S). . . . Top front of engine, on throttle body ......... . 
Cl00 (46 cavities) . . . . . . . . . . . . . . . . LH front of dash, below relay bracket ......... . 
Cl 13 (4 cavities) . . . . . . . . . . . . . . . . . Top front of engine, behind A/C compressor .... . 
C114 (1 cavity) (VIN S) . . . . . . . . . . . . RH real'. of engine, near Electronic Spark Timing 

(EST) Distributor ........................ . 
C121 (4 cavities) .... . ............ Top rear of engine ......................... . 
C143 (1 cavity) (VIN S). . . . . . . . . . . . RH rear of engine compartment, near exhaust 

manifold ............................... . 
C146 (1 cavity) ................... Taped to engine harness, RH rear of engine 

compartment ........................ , .. . 
C207 (15 cavities) . . . . . . . . . . . . . . . . Behind RH side of 1/P, near ECM ...... · ...... . 
C313 (3 cavities) ................. Below car, forward of fuel tank .............. . 
G 100 . . . . . . . . . . . . . . . . . . . . . . . . . . On lower RH front of engine ................ . 
G 101 .......... : ............... RH inner fender panel, near battery .......... . 
0117 (VIN S). . . . . . . . . . . . . . . . . . . . On rear of LH cylinder head ................. . 
0118 (VIN S) . . . . . . . . . . . . . . . . . . . . On rear of RH cylinder head ................ . 
0200 . . . . . . . . . . . . . . . . . . . . . . . . . . Behind 1/P, on LH side ofsteering column 

bracket ................................ . 
0304 .......................... On driver's door sill ....................... . 
S145 (VIN S) . . . . . . . . . . . . . . . . . . . . Engine harness, LH rear corner of engine 

compartment .. .. ....................... . 
S163 (VIN S) . . . . . . . . . . . . . . . . . . . . Engine harness, lower RH rear of engine 

compartment ................... , .... ~ .. . 
S164. . . . . . . . . . . . . . . . . . . . . . . . . . . I/P harness, near Fuse Block ................ . 
S167. . . . . . . . . . . . . . . . . . . . . . . . . . . Engine harness, top LH rear of engine ........ . 
S168. . . . . . . . . . . . . . . . . . . . . . . . . . . Engine harness, behind RH side of 1/P, near ECM 

• • • ••• • t • • • • • t It ♦ t It It. t ♦ .It It t It♦ I. I It 

S169. . . . . . . . . . . . . . . . . . . . . . . . . . . Engine harness, behind RH side of I/P, near ECM 

S170. . . . . . . . . . . . . . . . . . . . . . . . . . . Engine harness, behind RH side of I/P, near ECM 
♦ •I• ♦♦♦ t It I ♦ t t ♦ t I I It• I I• I ♦ I ♦♦ I ♦ t ♦ a I ♦♦♦ t 

Sl 71 (VIN S) . . . . . . . . . . . . . . . . . . . . Injector harness, top of engine .............. . 
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MULTI-PORT FUEL INJECTION: V6 VIN S 

COMPONENT LOCATION 

Sl 72 (VIN S) . . . . . . . . . . . . . . . . . . . . Injector harness, top rear of engine ........... . 
Sl 73 (VIN S). . . . . . . . . . . . . . . . . . . . Injector harness, top of engine .............. . 
Sl 7 4 (VIN S) . . . . . . . . . . . . . . . . . . . . Injector harness, top front of engine .......... . 
Sl 75 (VIN S) .................... Engine harness, center rear of engine 

compartment ........................... . 
Sl 76. . . . . . . . . . . . . . . . . . . . . . . . . . . Engine harness, behind RH side ofl/P, near ECM 

S181. . . . . . . . . . . . . . . . . . . . . . . . . . . Engine harness, RH rear of engine, near exhaust 
manifold ............................... . 

S204 .......... ·. . . . . . . . . . . . . . . . . 1/P harness, behind RH side of instrument 
cluster ........ ... ...................... . 

S205. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind instrument cluster ........ . 

S217. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind RH side of instrument 
cluster .......... ; ...................... . 

S218 (VIN S) . . . . . . . . . . . . . . . . . . . . Engine harness, lower RH side of engine 
compartment ........................... . 

S236. . . . . . . . . . . . . . . . . . . . . . . . . . . I/P harness, near convenience center ......... . 
S276. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, near convenience center ......... . 
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MUL Tl-PORT FUEL INJECTION: V6 VIN S 
ELECTRONIC CONTROL MODULE CONNECTORS 

C1 BLK 

ELECTRONIC CONTROL MODULE (ECM) 

Wire Color Circuit Circuit Function Cavity 
Socket Half Number 

A1 DKGRN/WHT 465 Fuel Pump Relay Control 

A2 LTBLU 905 A/C Compressor Relay Control 

A3 DK GRN/YEL 428 
Canister Purge Solenoid Valve 
Control 

A4 GRY 435 
Exhaust Gas Recirculation Solenoid 
Control 

A5 BRN/WHT 419 
"Service Engine Soon" Indicator 
Control 

A6 PNK/BLK 439 Ignition 

A7 TAN/BLK 422(Autol TCC Control (Auto) Shift Indicator 

AS ORN 461 Serial Data Link 

A9 WHT/BLK 451 Diagnostic "Test" Input 

A10 BRN 437 Speed Input 

A 11 TAN 472 Manifold Air Temperature Sensor 
Input 

A12 BLK(WHT 450 Ground 

B1 ORN 340 Battery 

82 TAN/WHT 120 Fuel Pump Control 

B3 BLK/RED 453 Distributor Reference Pulse: LO 

84 WHT 423 Spark Timing Output 

B5 PPL/WHT 430 Distributor Reference Pulse Input: HI 

86 BRN/WHT 528 Mass Air Flow Sensor Input 

B7 - - Not Used 

88 DKGRN/WHT 59 A/C On Input 

B9 LTBLU/ORN 495 Power Steering Input 

B10 ORN/BLK 434 Park/Neutral Input 

B11 - - Not Used 

B12 - - Not Used 

Cl - - Not Used 

C2 BRN 436 Air Select Valve Control 

, I 111111111111111 
1 l l • 5 6 J I 9 10 11 U U 1• 15 1 

·111111111111111 I I 

ELECTRONIC CONTROL MODULE (ECM) 
voooo~ 1 

C2BLK 

Cavity 
Wire Color Circuit Circuit Function 
Socket Half Number 

C3 LTGRN/BLK 444 Idle Air Control B LO 

C4 LTGRN/WHT 443 Idle Air Control B HI 

C5 LTBLU/WHT 441 Idle Air Control A HI 

C6 LT BLU/BLK 442 Idle Air Control A LO 

C7 - - Not Used 

ca LTBLU 446 Top Gear Input 

C9 DKBLU 732 Fan Pressure Switch Input 

C10 YEL 410 Coolant Temperature Sensor Input 

C11 - - Not Used 

C12 DKBLU 417 Throttle Position Sensor Input 

C13 DKBLU 417 Throttle Position Sensor Input 

C14 GRY 416 5 Volt Reference 

C15 LTGRN 468 Connected to D 14 

C16 ORN 340 Battery 

D1 BLK/WHT 450 Ground 

02 DKGRN/WHT 335 Fan Control Output 

D3 - - Not Used 

D4 - - Not Used 

05 TAN/BLK 424 Ignition Module Bypass Output 

06 TAN 413 Oxygen Sensor Input: LO 

07 PPL 412 Oxygen Sensor Input: HI 

D8 WHT 997 Evrv Control 

D9 - - Not Used 

D10 - - Not Used 

D11 - - Not Used 

D12 - - Not Used 

D13 BLK 462 Ground 

014 LTBLU 467 Fuel Injector Control 

015 LTGRN 468 Fuel Injector Control 

D16 LTBLU 467 Connected to D 16 
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THROTTLE BODY INJECTION: VS VINE 
IGNITION, SERVICE ENGINE SOON INDICATOR, AND TACHOMETER 
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H souo ' OPT!ON '\ ''}/ '·•' ; ' :' EN(ll~E I CIRCUIT 
C100 121 ~I Sl:Al:£, · . ;, ·,.,;: ·:·,;, .:, .r ~ I , 
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1 PNK/8 LK 439 

F fil!Z THROTTLE 
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ll!!•■ - ► SPARK 439 
CDNT-RDL . 
CELL 11 L---- -------------------- ---.J oisTn1,ui:•P~ . •- • !!!! 

8 ,~ 5 IE!. CEL~ IP . ' ·::' l .8 PNK/8lK1439 
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THROTTLE BODY INJECTION: VS VIN E 
UPSHIFT INDICATOR 

HOT IN AUN, BULB TEST OR START 

~r.,.~~-~----,f.!!.§l k ~gE~FUSE .:.,q !!.!:.!!a 

I·' IIAMP I 
BEE FUIE I 

L
I . .. . . l~OCK OETAILI I . _________ _. 

.8 PNK/BLK I 38 

BEE FUK< i'f -·,t !ill......... : -----► BLOCK DiTAI~ \ 

.& .. KIil: ! : C fE.\t ll_., , • ~,,;.j 

r7"1.,.:------., INSTRUMENT 
I ·- IN!ll~T!JRI_ I CLUSTER 
I ' -- -• ---
1 -~ . "UPSHIFT" . I PRINTED 

1.;W, INDICATOR I CIRCUIT 

Lt~Jt;:Esi12~1)Jl 7Iil 
~ 

,ITAN/BLK II 468 

H~WZ 

.ITAN/BLK l\450 

-~!J>~j"I ELECTRONIC 
.. ,. ':"·.:·•:· • I CONTROL 

, · •. ,J~(ECMl 

I SOLID STATE 
I DD NOT MEASURE 
:1 RESISTANCE ._, 

I 
0 

00 
l> 
I 
I\) .... 
... 



THROTTLE BODY INJECTION: VS VIN E 
IDLE SPEED CONTROL, FUEL CONTROL, AND VEHICLE DATA SENSORS 

IN-LINE fUSE NO. 3 
2DAMP HOT IN RUN. BU"B TEST OR 5 TAAT 

..----------- ~-------------~--.~~ .. FUSE JORN BH 
[ ,.. <~JiHUitiiiiiH I . . , 1--1 ENG m . . . . . GAGES FUSE • j .!!..!!f!.. 

I FUSE , . ,. · , I 

SWITCH POWERS. 
FUELPl)MP If 
ECM FAILS 

1 ORN S163 

34o ASSEMBLY LINE 
DIAGNOSTIC 
LINk(ALDLI 
CONNECTOR 

•• 

.B ::~rUMP PRIME 

BLK ·,149o 2 ORNI 340 

.8 RED 

1 ORN 

340 

1 TANMHT 

FUEL PUMP/OIL 
PRESSURE 
'ffiiiiiiiisWITCH 
SWITCH CLOSED 
WITH NORMAL 
PRESSURE 

120 

"f :"' L 
,--',,r ,~;_ .... t_-__ -__ -□-·------,1 ::~=. 

Ar CV
1 

8 

2TAN/WHT ~ 2TAN/WHT I BLK/ 1~-~ •ifr-__ ,_.......,.,._._,_,_....,.,=~ i WHT I 450 

~ TD S143 

1 ORN 340 

I . tQAMp···,c, ; SEE FUSE · I 
I · , . . ' . BLOC~ D£TAILS I 

,_ -------------- -----------~ 
438 .8 PNK/BLK 39 

. 1 PNK/BLK 
S235 e,_,_11!!:oi_e::a-. 
- 439 • 

I PNK/BLK i 438 

Flill! 
1 PNK/BLK 439 
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THROTTLE BODY . 
.8 PNK/BLK INJECTION: 

S142·~-e!:al~ SPARKCONTROL 
-- 439 CELL 21 

.5 PNk/BLK ~:::{,~:• .,._,_,,[,,: '" ,om.,Wa,l4i5 T I I .8 PNK/BLK !I 439 
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1 BLK/WHT 450 

-------------------------------------------------------------------------------, ELECTRONIC 
. IDLE AIR I CONTROL MODULE 

CONTROL BATTERY OXYGEN I MODULE IECM) 

l 1 r SENSOR IGNITION I iiiuii'iTATE 
LO r Ill LO ~ HI INPUT IGNITION -------1► I OD NOT MEASURE r--1~I--l I--1-~:1--i · LO 1 ~~~t~L ! RESISTANCE 

Jl SOLID . SOLID POWER 0 
'=- nATE '=- '=- STATE '=- ITIERINO SPEED ._____ ________ ________ ________ _____ ___ ·--~~!.---------- ___ .;:, ____ ..), INPUT 
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N 
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.ill! 
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CRUISE 
CONTROL 
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INSTRUMENT 
CLUSTER 
PiiiiITTii 1

.8 TAN 1413 I ::~K/ II 456 

O ll C ll 8 l A ti PUMP 
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~ r--, 
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ci»ffiiii"L 
STEPPER 
MOTOR 
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THROTTLE BODY INJECTION: va VIN E 
EMISSION CONTROLS 
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THROTTLE BODY INJECTION: VB VIN E 
SPARK CONTROL 
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THROTTLE BODY INJECTION: va VIN E 
ENGINE DATA SENSORS AND TRANSMISSION CONVERTER CLUTCH 

HOT IN AUN , BULIJ HST OR START 
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THROTTLE BODY INJECTION: VS VIN E 
FUEL INJECTORS -
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THROTTLE BODY INJECTION: VB VIN E 

COMPONENT LOCATION 

A/C Compressor Clutch (Except VIN 
S) . : . . . . . . . . . . . . . . . . . . . . . . . . . . Upper RH front of engine .................. . 

AIR Diverter Valve (VINE) ....... RH front of engine ........................ . 
AIR Select Valve (VINE) . . . . . . . . . RH front of engine ........................ . 
Assembly Line Diagnostic Link 

(ALDL) Connector . . • . . . . . . . . . . . . Under LH side of 1/P, below Convenience Center. 
Brake Switch. . . . . . . . . . . . . . . . . . . . Top of brake pedal support ................. . 
Canister Purge Solenoid Valve. . . . . . LH front corner of engine compartment ....... . 
Coolant Temperature Sensor (VIN E) Top RH front of engine, behind A/C Compressor. 
Detonation Sensor (VIN E) . . . . . . . . Lower RH side of engine, near Starter Solenoid,' . 
Electronic Control Module (ECM) . . . Behind RH side of I/P ................. , . , .. 
Electronic Spark Control (ESC) 

Module (VIN E) . . . . . . . . . . . . . . . . LH front of dash .......................... . 
Electronic Spark Timing (EST) 

Distributor (VINE) ............. Top rear of engine ......................... . 
Exhaust Gas Recirculation (EGR) 

Solenoid (VINE) ................ Top RH rear of engine ..................... . 
Fuel Pump Relay (VINE) .......... LH front of dash .......................... . 
Fuel Pump/Oil Pressure Sender/ 

Switch (VIN E) . . . . . . . . . . . . . . . . . Lower LH rear of engine ................... . 
Fuel Tank Unit . . . . . . . . . . . . . . . . . . Top of fuel tank 
Fuse Block. . . . . . . . . . . . . . . . . . . . . . Behind LH side of 1/P ..................... . 
Gear Selector Switch ... , . . . . . . . . . In console at gear selector .................. . 
Idle Air Control Stepper Motor (VIN 
E) • . . . • . . • . . . . . . • • . • . . . . . . • • • . Top of Engine, near of throttle body .......... . 

Ignition Switch. . . . . . . . . . . . . . . . . . At base of steering column, below 1/P .......... . 
In-Line Fuse No. 3 . . . . . . . . . . . . . . . RH innerfender panel, by battery ............ . 
LH Fuel Injector ................. Top of engine, on throttle body .............. . 
Manifold Absolute Pressure (MAP) 

Sensor . . . . . . . . . . . . . . . . . . . . . . . . On RH front of dash ....................... . 
Manifold Air Temperature (MAT) 

Sensor (VINE) . . . . . . . . . . . . . . . . . Top rear of engine, on air intake shroud ....... . 
Oxygen Sensor (VINE) . . . . . . . . . . . Lower LH side of engine, on exhaust manifold .. . 
Pass Key Decoder Module . . . . . . . . . Behind LH side of 1/P, near steering column ... . 
Power Steering Switch . . . . . . . . . . . . LH front of engine compartment ............ . 
RH Fuellnjector . . . . . . . . . . . . . . . . Top of Engine , on throttle body ............. . 
Throttle Position E;ensor (VINE) ... . . Top of engine, oµ throttle body ........ ....... . 

Page-Figure 
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THROTTLE BODY INJECTION: VS VIN E 

COMPONENT LOCATION Page-Figure 

Cl00 (46 cavities) ................ LH front of dash, below relay bracket. . . . . . . . . . 201· l·A 
C108 (4 cavities) . . . . . . . . . . . . . . . . . Top rear of engine, near Electronic Spark Timing 

(EST) Distributor......................... 201- 3-B 
Cl14 (VIN E). . . . . . . . . . . . . . . . . . . . Top rear of engine, near Electronic Spark Timing 

(EST) Distributor ........................ . 
Cl43 (1 cavity) (VINE) ............ Lower LH side of engine, near exhaust manifold. 
Cl46 (1 cavity) ................... Taped to engine harness, RH rear of engine 

compartment ............................ . 
C207 (15 cavities) . . . . . . . . . . . . . . . . Behind RH side of 1/P, near ECM ............ . 
C313 (3 cavities) . . . . . . . . . . . . . . . . . Below car, forward of fuel tank .............. . 
G 112 (VIN E) . . . . . . . . . . . . . . . . . . . Rear of LH cylinder head ................... . 
G 118 (VINE) . . . . . . . . . . . . . . . . . . . Rear of RH cylinder head ................... . 
G200 . . . . . . . . . . . . . . . . . . . . . . . . . . Behind 1/P, on LH side of steering column 

bracket ................................ . 
G304 .......................... On driver's door sill ........ ; .............. . 
S142. . . . . . . . . . . . . . . . . . . . . . . . . . . Engine harness, behind RH side of 1/P ........ . 
S143 (VINE) .................... Engine harness, LH rear of engine compartment. 
Sl45 (VINE). . . . . . . . . . . . . . . . . . . . Engine harness, top rear of engine ........... . 
Sl46 ........................... Engine harness, behind RH side of 1/P, near ECM 

Sl63 (VINE) .................... Engine harness, RH rear of engine compartment 
S164 ................... , . . . . . . . 1/P harness, near Fuse Block ................ . 
SI 72 (VIN E). . . . . . . . . . . . . . . . . . . . Engine harness, RH rear of engine compartment 
SI 7 4 (VINE). . . . . . . . . . . . . . . . . . . . Engine harness, RH rear of engine compartment 
SI 75 .(VIN E) .................... Engine harness, behind top RH side of engine .. . 
Sl 76 ........................... Engine harness, behind RH side of 1/P, near ECM 

S186. . . . . . . . . . . . . . . . . . . . . . . . . . . Engine harness, RH rear of engine compartment 
S204 .... , . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind RH side of instrument 

cluster ................................. . 
S205. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind instrument cluster ........ . 
S217 ........................... 1/P harness, behind RH side of instrument 

cluster ................................. . 
S218 (VINE) ................... . Engine harness,lower RH side of engine 

compartment ........................... . 
S236 ................ . ... . .. . .. . 1/P harness, near convenience center ......... . 
S276 .... . ........ • I 1/P harness, near Convenience Center ........•. 

201· 4-A 
201· 4-A 

201- 0-B 
. 201· 8-D 
201·16-E 
201· 4-A 
201- 6-A 

201-12-A 
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THROTTLE BODY INJECTION: VB VINE 
ELECTRONIC CONTROL MODULE CONNECTORS 

• 111111111111111 I 
J J 4 5 6 7 I t 10 11 U IJ 14 H I 

1111111 

C1 ILK O ILK 

F.LECTllONIC CONTROL MODULE IECMl 

WIRE COLOR 
CIRCUIT CIRCUIT CAVITY SOCKET 

HALF 
NUMBER FUNCTION 

Al DKGRN/WHT 466 FUEL PUMP RELAY CONTROL 
A2 - - NOT USED 

WIRE COLOR 
CIRCUIT 

CAVITY SOCKET NUMBER 
HALF 

A3 DK GRNNEL 428 CANISTER PURGE SOLENOID VAL VE CONTROL cs LTBLU/WHT 441 

A4 GRY 435 
EXHAUST GAS RECIRCULATION SOLENOID 
CONTROL 

C6 LT8LU/BLK 442 
C7 LTBLU 446 

AS BRN/WHT 419 
"SERVICE ENGINE SOON" INDICATOR 
CONTROL 

CB LTBLU/ORN 495 

C9 PPLIWHT B06 
A6 PNK/BLK 439 IGNITION C10 YEL 410 

A7 TAN/BLK 
422(AUTO) TCC CONTROL IAUTOI 
466IMANI SHIFT INDICATOR CONTROL (MANI C 11 LTGRN 432 
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TUNED PORT INJECTION: VB VIN F 
IGNITION, SERVICE ENGINE SOON INDICATOR, AND TACHOMETER 
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MUL Tl-PORT FUEL INJECTION: VB VIN 8 
IGNITION, SERVICE ENGINE SOON INDICATOR, AND TACHOMETER 
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TUNED PORT INJECTION (V8 VIN F) AND MUL Tl-PORT FUEL INJECTION (V8 VIN 8) 
UPSHIFT INDICATOR 
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TUNED PORT INJECTION (VS VIN F) AND MUL Tl-PORT FUEL INJECTION (VS VIN 8) 
EMISSION CONTROLS 
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TUNED PORT INJECTION (VS VIN F) AND MUL Tl·-PORT FUEL INJECTION (VS VIN 8) 
IDLE SPEED CONTROL, FUEL CONTROL, AND VEHICLE DATA SENSORS 
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TUNED PORT INJECTION (VB VIN F) AND MUL Tl-PORT FUEL INJECTION (VB VIN 8) 
MASS AIR FLOW SENSOR 
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TUNED PORT INJECTION (V8 VIN F) AND MUL Tl-PORT FUEL INJECTION (V8 VIN 8) 
SPARK CONTROL 

HOT IN RUN, BULB HST OR START 
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TUNED PORT INJECTION (VS VIN F) AND MUL Tl-PORT FUEL INJECTION (VS VIN 8) 

ENGINE DATA SENSORS AND TRANSMISSION CONVERTER CLUTCH 
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TUNED PORT INJECTION (VS VIN F) AND MUL Tl-PORT FUEL INJECTION (VS VIN 8) 
FUEL INJECTORS 
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TUNED PORT INJECTION (VS VIN F) AND MUL Tl-PORT FUEL INJECTION (VS VIN 8) 

COMPONENT LOCATION 

AIR Diverter Valve (VIN F)(VIN 8) . RH front of engine ........................ . 
AIR Select Valve (VIN F)(VIN 8) ... RH front of engine ........................ . 
Assembly Line Diagnostic Link 

(ALDL) Connector . . . . . . . . . . . . . . Under LH side of 1/P, below Convenience Center. 
Brake Switch. . . . . . . . . . . . . . . . . . . . Top of brake pedal support ................. . 
Burn-Off Relay . . . . . . . . . . . . . . . . . . LH front of dash, on relay bracket ........... . 
Canister Purge Solenoid Valve. . . . . . LH front corner of engine compartment ....... . 
Coolant Temperature Sensor (VIN 

F)(VIN 8) . . . . . . . . . . . . . . . . . . . . . . Top RH side of engine ..................... . 
Detonation Sensor (VIN F)(VIN 8) .. Lower RH side of engine, near Starter Solenoid .. 
EG R Vacuum Sensor Diagnostic 

Connector ..................... Top rear of engine ......................... . 
Electronic Control Module (ECM) . . . Behind RH side of I/P ..................... . 
Electronic Spark Control (ESC) 

Module (VIN F)(VIN 8) .......... LH front of dash .......................... . 
Exhaust Gas Recirculation (EGR) 

Solenoid (VIN Fl(VIN 8) .......... Top RH rear of engine ..................... . 
Fan A/C Pressure Switch . . . . . . . . . . Lower RH rear corner of engine compartment, on 

A/Cline ................................ . 
Fuellnjectors (VIN F)(VIN 8) . . . . . . Top ofengine ............................ . 
Fuel Pump Relay (VIN F)(VIN 8). . . . LH front of dash, on relay bracket ........... . 
Fuel Pump/Oil Pressure Sender/ 

Switch (VIN F)(VIN 8) . . . . . . . . . . . Lower LH side of engine ................... . 
Fuel Tank Unit . . . . . . . . . . . . . . . . . . Top of fuel tank 
Fuse Block. . . . . . . . . . . . . . . . . . . . . . Behind LH side of 1/P ..................... . 
Gear Selector Switch ............. · In console at gear selectqr .................. . 
Idle Air Control Stepper Motor (VIN 

F)(VIN 8). . . . . . . . . . . . . . . . . . . . . . Top RH side of engine ..................... . 
Ignition Coil (VIN F)(VIN 8) . . . . . . . Top RH rear of engine ..................... . 
Ignition Switch. . . . . . . . . . . . . . . . . . At base of steering column, below I/P ......... . 
In-Line Fuse No. 2 . . . . . . . . . . . . . . . RH front of engine compartment, near battery .. 
Manifold Air Temperature (MAT) 

Sensor (VIN F)(VIN 8) ........... Top rear of engine, on air intake shroud ....... . 
Mass Air Flow (MAF) Relay (VIN 

F)(VIN 8). . . . . . . . . . . . . . . . . . . . . . LH front of dash, on relay bracket ........... . 
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TUNED PORT INJECTION (VS VIN F) AND MUL Tl-PORT FUEL INJECTION (VS VIN 8) 

COMPONENT LOCATION 
Mass Air Flow (MAF) Sensor (VIN 

F)(VIN 8). . . . . . . . . . . . . . . . . . . . . . Top of engine, on air intake duct ............. . 
Oxygen Sensor (VIN F)(VIN 8) . . . . . On LH exhaust manifold ................... . 
Pass Key Decoder Module . . . . . . . . . Behind LH side of I/P, near steering column ... . 
Throttle Position Sensor (VIN 

F)(VIN 8) . . . . . . . . . . . . . . . . . . . . . . Top RH side of engine ..................... . 
ClO0 (46 cavities) ................ LH front of dash, below relay bracket ......... . 
Cl08 (4 cavities) . . . . . . . . . . . . . . . . . Top rear of engine, near Electronic Spark Timing 

(EST) Distributor ........................ . 
Cl09 (2 cavities) . . . . . . . . . . . . . . . . . Top of engine 
C114 (1 cavity) (VIN F)(VIN 8) .•.... Top rear of engine, near Electronic Spark Timing 

(EST) Distributor ........................ . 
Cl43 (1 cavity) (VIN F)(VIN 8) ...... Near LH exhaust manifold ................. . 
C146 (1 cavity). . . . . . . . . . . . . . . . . . . Taped to engine harness, RH rear of engine 

compartment ........................... . 
C207 (16 cavities) . . . . . . . . . . . . . . . . Behind RH side of I/P, near ECM ............ . 
C313 (3 cavities) . . ............... Below car, forward of fuel tank ........... . .. . 
G 112 (VIN F)(VIN 8) . . . . . . . . . . . . . Rear of LH cylinder head ................... . 
G 118 (VIN F)(VIN 8) • . • . . • • • . . . . . Rear of RH cylinder head ................... . 
G200 .......................... Behind I/P, on LH side of steering column 

bracket ................................ . 
G304 . . . . . . . . . . . . . . . . . . . . . . . . . . On driver's door sill ....................... . 
Sl08. . . . . . . . . . . . . . . . . . . . . . . . . . . Engine harness, center rear of engine ......... . 
S110. . . . . . . . . . . . . . . . . . . . . . . . . . . Engine harness, LH rear comer of engine 

compartment ........................... . 
S 142. . . . . . . . . . . . . . . . . . . . . . . . . . . Engine harness, behind RH side ofl/P ........ . 
Sl43 (VIN F)(VIN 8) .............. Engine harness, RH rear of engine compartment 
S145 (VIN F)(VIN 8) •....•••.•.••• Engine harness, near LH rear of engine ....... . 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . 201-13-D 

S163 (VIN F)(VIN 8). . . • • . . • • . • • . . Engine harness, near LH rear of engine ....... . 201- 7-A 
S164 ....... ·. . . . . . . . . . . . . . . . . . . . I/P harness, near Fuse Block ................ . 201-12-A 
Sl 71 (VIN F)(VIN 8) ......•....•.• Engine harness, RH rear of engine ........... . 201- 9-A 
Sl72 (VIN F)(VIN 8) •.•......•.... Engine harness, RH rear of engine ........... . 201- 9-A 
Sl 73 (VIN F)(VIN 8). . . . . . . . . . . . . . Engine harness, top rear of engine ........... . 201· 6-C 
Sl 7 4 (VIN F)(VIN 8). . . . . . . . . . . . . . Engine harness, top rear of engine ........... . 201- 6-C 
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TUNED PORT INJECTION (VB VIN F) AND MUL Tl-PORT FUEL INJECTION (VS VIN 8) 

COMPONENT LOCATION 
SI 75 (VIN F)(VIN 8). . . . . . . . . . . . . . Engine harness, behind center rear of engine .... 
SI 76. . . . . . . . . . . . . . . . . . . . . . . . . . . Engine harness, behind RH side ofI/P, near ECM . . 

8204. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind RH side of instrument 
cluster ................................. . 

S205. . . . . . . . . . . . . . . . . . . . . . . . . . . I/P harness, behind instrument cluster . . ...... . 
S2I 7. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind RH side of instrument 

cluster ................. , ............... . 
8218 (VIN F)(VIN 8) .............. Engine harness, RH top of engine ............ . 

8236. . . . . . . . . . . . . . . . . . . . . . . . . . . I/P harness, near convenience center ......... . 
S276. . . . . . . . . . . . . . . . . . . . . . . . . . . I/P harness, near convenience center ......... . 
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TUNED PORT INJECTION (VS VIN F) AND MUL Tl-PORT FUEL INJECTION (VS VIN 8') 

ELECTRONIC CONTROL MODULE CONNECTORS 

ELECTRONIC CONTROL MODULE (ECM) 

<[] 
1 2 J , $ 6 1 I t 10 1 

111111 

C1 ILK C21LK 

WIRE COLOR 
CIRCUIT CIRCUIT 

CAVITY SOCKET NUMBER FUNCTION 
HALF 

WIRE COLOR 
CIRCUIT CIRCUIT 

CAVITY SOCKET 
HALF 

NUMBER FUNCTION 

A1 DKGRN/WHT 465 FUEL PUMP RELAY CONTROL C5 LTBLU/WHT 441 IDLE AIR CONTROL A HI 

A2 BAN 436 AIR SELECT VALVE CONTROLS ca LT8LU/BLK 442 IDLE AIR CONTROL A LO 

A3 DKGRN/YEL 428 CANISTER PURGE SOLENOID VALVE CONTROL C7 - - NOT USED 

A4 GAY 435 
EXHAUST GAS RECIRCULATION SOLENOID 
CONTROL 

CB DKGRN 446 TOP GEAR INPUT 

C9 - - NOT USED 

AS BRN/WHT 419 
" SERVICE ENGINE SOON" INDICATOR 
CONTROL 

C10 YEL 410 COOLANT TEMPERATURE SENSOR INPUT 

C11 - - NOT USED 
A6 PNK/BLK 439 IGNITION C12 TAN 472 MANIFOLD AIR TEMPERATURE SENSOR INPUT 

A7 TAN/BLK 
422 (AUTO) TCC CONTROL (AUTO) 
456(MAN) SHIFT INDICATOR CONTROL (MAN l 

AS ORN 461 DATA 

A9 WHT/BLK 451 DIAGNOSTIC "TEST" INPUT 

A10 BAN 437 SPEED INPUT 

A 11 BLK 452 GROUND 
A12 BLK/WHT 450 GROUND 

B1 ORN 340 BATTERY 

B2 TAN/WHT 120 FUEL PUMP CONTROL 

B3 BLK/RED 453 DISTRIBUTOR REFERENCE PULSE INPUT: LO 

B4 - - NOT USED 

85 PPL/WHT 430 DISTRIBUTOR REFERENCE PULSE INPUT: HI 

B6 DKBLU 229 THEFT DETERRENT 

87 BLK 485 ELECTRONIC SPARK CONTROL INPUT (RETARD) 

88 DKGRN 59 A/CON INPUT 

89 - - NOT USED 

810 ORN/BLK 434 PARK/NEUTRAL INPUT 

B1 l - - NOT USED 

B12 DKGRN 998 MASS AIR FLOW SENSOR INPUT 

Cl DKGRN/WHT 335 FAN CONTROL OUTPUT 

C2 BLK/PNK 429 AIR DIVERTER VALVE CONTROL 

C13 DK8LU 417 THROTTLE POSITION SENSOR INPUT 
C14 GRY 416 5 VOLT REFERENCE 

C15 DKGRN 999 EGR VACUUM SENSOR SIGNAL 

C16 ORN 340 BATTERY 
D1 BLK/WHT 450 GROUND 
02 BLK 452 GROUND 

03 BLK/WHT 450 GROUND 
04 WHT 423 SPARK TIMING OUTPUT 
05 TAN/8LK 424 IGNITION MODULE BYPASS OUTPUT 
D6 TAN 413 OXYGEN SENSOR GROUND 

D7 PPL 412 OXYGEN SENSOR INPUT: HI 

08 - - NOT USED 
09 - - NOT USED 
010 8LK/WHT 450 GROUND 
011 GAY 731 FAN PRESSURE SWITCH INPUT 
D12 BLK 900 BURN-OFF RELAY CONTROL 
013 - - NOT USED 
D14 - - NOT USED 
D16 8LK/PNK 467 FUEL INJECTOR CONTROL 
016 LTGRN 468 FUEL INJECTOR CONTROL 

C3 LTGRN/BLK 444 IDLE AIR CONTROL B LO 

C4 LTGRN/WHT 443 IDLE AIR CONTROL 8 HI 
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STARTER AND CHARGING SYSTEM: V6 VIN S, VS VINE 
STARTER 
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STARTER AND CHARGING SYSTEM: VS VIN F, VS VIN S 
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STARTER AND CHARGING SYSTEM 

TROUBLESHOOTING HINTS 
STARTER 

• Try the following checks before doing the Sys

tem Diagnosis. 

1. Check the hydrometer eye that is built into 
the vehicle Battery before troubleshooting 
the Starter System. 

- Green eye - Battery is charged. 

- Dark eye - Battery is discharged. Recharge 
Battery. 

- Clear or yellow eye - Battery fluid is low. 
Replace Battery. 

2. Check that Starter Solenoid terminals S and 
B and battery connections are clean and 
tight. 

3. Check that grounds GlOO and GlOl are 
clean and tight. 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM DIAGNOSIS 
STARTER 

• Do the following checks to choose the proper 

diagnostic tests. 

PASS KEY OR STARTER SYSTEM 

A "No Crank" condition may be caused by 
either the PASS Key System or the Battery/ 
Starter System. To locate the cause of the con
dition, follow these procedures. 

1. Check whether ECM code 46 or 53 is set or 
displayed. 

- If code 46 or 53 is present, proceed to Section 
8A-133 for PASS Key System Diagnosis. 

- If code 46 or 53 is not present, go to step 2. 

COMPONENT LOCATION 

Clutch Start Switch . . . . . . . . . . . . . . Below 1/P, on clutch pedal bracket ........... . 
Fusible Link A (Except VIN S) . . . . . Lower RH side of engine, at Starter Solenoid ... . 
Fusible Link A (VIN S). . . . . . . . . . . . Lower RH side of engine, at Starter Solenoid ... . 
Fusible Link B (Except VIN S) . . . . . Lower RH side of engine, at Starter Solenoid ... . 
Fusible Link B (VIN S). . . . . . . . . . . . Lower RH side of engine, at Starter Solenoid ... . 
Fusible Link D . . . . . . . . . . . . . . . . . . RH front of engine compartment, near battery .. 
Fusible Link G (Except VIN S) . . . . . Lower RH side of engine, at Starter Solenoid ... . 
Fusible Link G (VIN S). . . . . . . . . . . . Lower RH side of engine, at Starter Solenoid ... . 
Fusible Link J. . . . . . . . . . . . . . . . . . . RH front of engine compartment, at Junction 

Block .................................. . 
Gear Selector Switch . . . . . . . . . . . . . In console at gear selector .................. . 
Ignition Switch. . . . . . . . . . . . . . . . . . At base of steering column, below 1/P ......... . 
In-Line Fuse No. 2 . . . . . . . . . . . . . . . RH front of engine compartment, near battery .. 
Junction Block . . . . . . . . . . . . . . . . . . RH side of radiator support bracket .......... . 
Mass Air Flow (MAF) Sensor (VIN S) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . On air intake duct, in front of throttle body .... . 
Pass Key Decoder Module . . . . . . . . . Behind LH side of 1/P, near steering column ... . 
Starter Enable Relay . . . . . . . . . . . . . Below LH side of 1/P, on kick panel ........... . 
Starter Solenoid (VIN E) . . . . . . . . . . Lower RH side of engine ................... . 
Starter Solenoid (VIN F)(VIN 8) . . . . Lower RH side of engine ................... . 
Starter Solenoid (VIN S) . . . . . . . . . . Lower RH side of engine ................... . 
ClOO (46 cavities) ................ LH front of dash, below relay bracket ......... . 
Cl45 (1 cavity). . . . . . . . . . . . . . . . . . . RH front of engine compartment, near battery .. 
Cl48 (1 cavity). . . . . . . . . . . . . . . . . . . RH front of engine compartment, near battery .. 
C243 (4 cavities) . . . . . . . . . . . . . . . . . Below LH side of 1/P, near shroud ............ . 
G 100 . . . . . . . . . . . . . . . . . . . . . . . . . . On lower RH front of engine ................ . 
G 101 . . . . . . . . . . . . . . . . . . . . . . . . . . RH inner fender panel, near battery .......... . 
S104. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind LH side ofl/P ........... . 
S200. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, above steering column ........... . 
S223. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind LH side of 1/P ........... . 
S224. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, near Fuse Block ................ . 
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STARTER AND CHARGING SYSTEM 

(Continued from previous page} 

2. Go to the Starter Enable Relay that is above 
the LH kick panel (See Component Location 
Views). Backprobe terminal B of the relay 
(DK GRN wire) with a voltmeter to ground. 
Leave the connector on the relay. 

3. Turn the Ignition Switch to START. 

- If there is battery voltage at terminal B in 
START, go to Section SA-133 for PASS Key 
System Diagnosis. 

- If terminal B has 0-1.5 volts in START, con
tinue with diagnosis on the following pages. 
The condition exists in the Ignition Switch 
or Starter System. 

• Diagnostic steps for the symptoms listed in 
the following tabla are listed after the table. 

SYMPTOM TABLE 
A. Engine does not crank and the Starter 

Solenoid does not click. 
B. The Starter Solenoid clicks, engine does 

not crank or cranks slowly. 

IGNITION 
SWITCH 

STARTER 
ENABLE 
RELAY 

CLUTCH SWITCH 
OR AUTOMATIC 
TRANS.SWITCH 

STARTER SOLENOID, 
STARTER MOTOR 

TERMINAL 
B 

PASS KEY 
DECODER 
MODULE 

~] 
RESISTOR 
KEY 
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STARTER AND CHARGING SYSTEM 

A: ENGINE DOES NOT CRANK AND 
THE STARTER SOLENOID DOES 
NOT CLICK (TABLE 1 ) . 

Measure: VOLTAGE 
At: STARTER SOLENOID 
Conditions: 

• Ignition Switch: START 
• Gear Selector Switch: PARK (Automatic 

Transmission) 
• Clutch Depressed (Manual 

Transmission) 

Measure Correct 
For Diagnosis 

Between Voltage 

S(PPL)& 
Battery Seel 

Ground 

S(PPL)& 
Starter Motor 

Battery See2 
mounting 

bolts 

• If the voltages are correct, replace the 
Starter Solenoid. Refer to Section 6D. 

1. Go to Table 2 (Autpmatic Transmission) 
or Table 3 (Manual Transmission). 

2. Clean Starter Motor mounting bolts and 
Starter Motor to create a good ground to 
engine block. Scrape away any excess 
paint, rust or dirt. 

A: ENGINE DOES NOT CRANK AND 
THE STARTER SOLENOID DOES 
NOT CLICK (TABLE 2 - AUTOMATIC 
TRANSMISSION) . 

Measure: VOLTAGE 
At: GEAR SELECTOR SWITCH CONNECTOR 

(Disconnected) 
Condition: 

• Ignition Switch: START 

Measure Correct 
For Diagnosis 

Between Voltage 

F(DKGRN/ 
WHT)& Battery Seel 
Ground 

• If the voltage is correct, go to Table 4 . 

1. Reconnect connector and go to Table 6. 

A: ENGINE DOES NOT CRANK AND 
THE STARTER SOLENOID DOES 
NOT CLICK (TABLE 3-MANUAL 
TRANSMISSION) 

Measure: VOLTAGE 
At: CLUTCH START SWITCH CONNECTOR 

(Disconnected) 
Condition: 

• Ignition Switch: START 

Measure Correct 
For Diagnosis 

Between Voltage 

B(YEL)& 
Battery See 1 

Ground 

• If the voltage is correct, go to Table 5 . 

1. Reconnect connector and go to Table 6. 

A: ENGINE DOES NOT CRANK AND 
THE STARTER SOLENOID DOES 
NOT CLICK (TABLE 4 - AUTOMATIC 
TRANSMISSION) 

Connect: FUSED JUMPER 
At: GEAR SELECTOR SWITCH CONNECTOR 

(Disconnected) 
Condition: 

• Ignition Switch: START 

Jumper 
Correct Result For Diagnosis 

Between 

F(DKGRN/ 
WHT)&E Engine cranks See 1 

(PPL) 

• If the engine cranks, replace the Gear 
Selector Switch. (Check the Gear Selector 
Switch adjustment before replacing the 
switch). 

1. Check/repair the PPL (6) wire for an open 
(see schematic). 

A: ENGINE DOES NOT CRANK AND 
THE STARTER SOLENOID DOES 
NOT CLICK (TABLE 5-MANUAL 
TRANSMISSION) 

Connect: FUSED JUMPER 
At: CLUTCH START SWITCH CONNECTOR 

(Disconnected) 
Conditions: 

• Transmission: NEUTRAL 
• Ignition Switch: START 

Jumper 
Correct Result For Diagnosis Between 

B (YEL) 
Engine cranks · Seel 
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STARTER AND CHARGING SYSTEM 

(Continued from previous page) 

• If the engine cranks, check/replace the 
Clutch Start Switch. 

1. Check/repair the PPL (6) wire for an open 
(see schematic). 

A: ENGINE DOES NOT CRANI< AND 
THE STARTER SOLENOID DOES 
NOT CLICK (TABLE 6) 

Measure: VOLTAGE 
At: IGNITION SWITCH CONNECTORS C1 & 

C2 (Connected) 

Measure Correct 
For Diagnosis 

Between Voltage 

B2(RED)& 
Battery See 1 Ground 

B3(RED)& Battery See 1 Ground 

• Ignition Switch: START 

S(YEL)& 
Battery See2 Ground 

• If all voltages are correct, go to Table 7. 
1. Check the RED (2) wire(s) and Fusible 

Link B (see schematic). 
2. Replace the Ignition Switch. 

A: ENGINE DOES NOT CRANK AND 
THE STARTER SOLENOID DOES 
NOT CLICK (TABLE 7) 

Connect: FUSED JUMPER 
At: STARTER ENABLE RELAY CONNECTOR 

(Connected) 
Conditions: 

• Ignition Switch: START 
• Gear Selector Switch: PARK (Automatic 

Transmission) 
• Clutch Depressed (Manual 

Transmission) 

Jumper 
Correct Result For Diagnosis 

Between 

B(DKGRN) Engine cranks See 1 &Ground 

• If the result is correct, check the DK GRN 
(966) wire for an open (see schematic). 
Refer to Section SA-133 for Pass-Key 
Diagnostic Procedures if DK G RN wire is 
OK. 

1. Go to Table 8. 

A: ENGINE DOES NOT CRANK AND 
THE STARTER SOLENOID DOES 
NOT CLICK (TABLE 8) 

Measure: VOLTAGE 
At: STARTER ENABLE RELA V CONNECTOR 

(Disconnected) 
Condition: 

• Ignition Switch: START 

Measure Correct 
For Diagnosis 

Between Voltage 

E(YEL)& 
Battery Seel Ground 

(Continued in next column) 

(Continued from previous column) 

C (YEL) & I Battery j See 1 
Ground 

• If all the voltages are correct, go to Table . 
9. 

1. Check/repair YEL (5) wire for an open (see 
schematic). 

A: ENGINE DOES NOT CRANK AND 
THE STARTER SOLENOID DOES 
NOT CLICK (TABLE 9) 

Connect: FUSED JUMPER 
At: STARTER ENABLE RELAY CONNECTOR 

(Disconnected) 
Conditions: 

• Ignition Switch: START 
• Gear Selector Switch: PARK (Automatic 

Transmission) 
• Clutch Depressed (Manual 

Transmission) 

Jumper 
Correct Result For Diagnosis 

Between 

E(YEL)&A 
(DKGRN/ Engine cranks See 1 

WHT) 

• If the result is correct, replace the Starter 
Enable Relay. 

1. Check/repair DK GRN/WHT (916) wire 
for an open (see schematic). 
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STARTER AND CHARGING SYSTEM 

Note: The following tests are · designed for 
engines and batteries at normal ambient 
temperatures and assume that there are 
no engine symptoms which could cause a 
no start condition. To use the tests under 
other conditions could result in misdiag
nosis. 

B: THE STARTER SOLENOID CLICKS, 
ENGINE DOES NOT CRANK OR 
CRANKS SLOWLY (TABLE 1) 

Measure: VOLTAGE 
At: BATTERY TERMINALS 
Conditions: 

• Battery: FULLY CHARGED 
• INJ 1 fuse removed 
• FP/INJ 2 Fuse removed 
• Ignition Switch: START 
• Engine being cranked 

Measure Correct For Diagnosis 
Between Voltage 

Positive & 
Negative Greater than See 1 
Battery 9.5 volts 

Terminals 

• If the voltage is correct, proceed to Table 
2. 

1. Refer to Section 6D for Battery Load 
Test. Remove Starter Assembly for 
repairs if the Battery is OK. 

B: THE STARTER SOLENOID CLICKS, 
ENGINE DOES NOT CRANK OR 
CRANKS SLOWLY (TABLE 2) 

Measure: VOLTAGE 
At: BATTERY CABLES 
Conditions: 

• Battery: FULLY CHARGED 
• INJ 1 Fuse removed 
• FP/INJ 2 Fuse removed 
• Ignition Switch: START 
• Engine being crankeq 

Measure Correct For Diagnosis 
Between Voltage 

· Negative 
Battery Less than .5 See 1 Terminal& volts 

Engine Block 

Positive 
Battery 

Terminal& Less than .5 See2 
Starter volts 

Solenoid, 
TerminalB 

• If both voltages are correct, remove the 
Starter Assembly for repairs. Refer to 
Section6D. 

1. Replace the Negative Battery Cable. 
2. Replace the Positive Battery Cable. 

CIRCUIT OPERATION 
STARTER . 

When the Ignition Switch is moved to the 
START position, battery voltage is applied to 
the Starter Solenoid S terminal through the 
Starter Enable Relay and the Gear Selector 
Switch (Automatic Transmission) or the Clutch. 
Start Switch (Manual Transmission). Both.the 
Hold-In and Pull-In solenoid windings are ·ener• 
gized, The circuit through the Pull-In Windings 
is complete to ground through the Starter 
Motor. The magnetic fields created by the par• 
allel circuits of the Hold-In Windings and the 
Pull-In Windings work together to pull in the 
Starter Solenoid Plunger. The Plunger moves 
the Shift Lever which causes the Drive Assem
bly to engage the Flywheel ring gear on the 
engine. 

When the Plunger is fully pulled-in, the sole
noid switch contacts close. The closing of the 
solenoid switch simultaneously ·controls. two 
actions. Full battery voltage is applied to the 
Starter Motor through the battery cable, and it 
cranks the engine. At the same time, battery 
voltage is applied to the motor terminal side of 
.the Pull-In Winding. With battery voltage on 
both sides of the Pull-In Winding there is no 
current flow through the winding and it no 
longer generates a magnetic field. The mag
netic field of the Hold-In Winding is sufficient 
to hold the plunger in while the engine is crank• 
ing. 

(Continued on next page) 
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STARTER AND CHARGING SYSTEM 

(Continued from previous page) 

When the Ignition Switch is released from 
the START position, battery voltage is 
removed from the Starter Solenoid S terminal 
and the junction of the two windings. Current 
now flows through the solenoid switch to the 
motor terminal and through the Pull-In. and 
Hold-In Windings in series. The magnetic fields 
oppose each other and can no longer hold in the 
Plunger. The Return Spring causes the Drive 
Assembly to disengage and at the same time 
opens the solenoid switch contacts. As soon as 
the contacts open, all electrical circuits in -the 
Starter Motor are turned off. 
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STARTER AND CHARGING SYSTEM: V6 VIN S, VS VINE 
CHARGING 
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STARTER AND CHARGING SYSTEM: VS VIN F, VS VIN 8 
CHARGING 
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STARTER AND CHARGING SYSTEM 

TROUBLESHOOTING HINTS 
CHARGING 

• Try the following checks before doing the Sys
tem Diagnosis. 

1. Check the hydrometer eye that ~s built .into 
the vehicle Battery before troubleshooting 
the Charging System. 

- Green eye - Battery is charged. 

- Dark eye - Battery is discharged. Recharge 
Battery. 

- Clear or Yellow eye - Battery fluid is low. 
Replace Battery. 

2. Check Generator belt. 

3. Check that Starter Solenoid, terminal B, and 
battery connections are clean and tight. 

4. Check that Generator connector is tight and 
that the Generator battery terminal is clean 
and tight. 

5. Check vehicle voltmeter (if equipped) to 
assure accurate voltage readings. 

• Diagnostic steps for the symptoms listed In 
the following table are listed after the table. 

SYMPTOM TABLE 
I A: Battery is undercharged or overcharged. 

COMPONENT LOCATION 

Coolant Fan Relay (VIN E)(VIN S) . . LH front of dash, on relay bracket ........... . 
Fuse Block. . . . . . . . . . . . . . . . . . . . . . Behind LH side ofl/P ............ .......... . 
Fusible Link D . . . . . . . . . . . . . . . . . . RH front of engine compartment, near battery .. 
Fusible Link E (VINE). . . . . . . . . . . . RH front of engine compartment, at Junction 

Block ................................... . 
Fusible Link E (VIN S). . . . . . . . . . . . At Junction Block ........................ . 
Fusible Link G (Except VIN S) . . . . . Lower RH side of engine, at Starter Solenoid ... . 
Fusible Link G (VIN S). . . . . . . . . . . . Lower RH side of engine, at Starter Solenoid ... . 
Fusible Link J . . . . . . . . . . . . . . . . . . . RH front of engine compartment, at Junction 

Block ............................... . .. . 
In-Line Fuse No. 2 . . . . . . . . . . . . . . . RH front of engine compartment, near battery .. 
In-Line Fuse No. 3 . . . . . . . . . . . . . . . RH inner fender panel, by battery ............ . 
In-Line Fuse No. 4 ............... RH inner fender panel, by battery ............ . 
Junction Block . . . . . . . . . . . . . . . . . . RH side of radiator support bracket .......... . 
Mass Air Flow (MAF) Sensor (VIN S) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . On airintake duct, in front of throttle body .... . 
Starter Solenoid (VIN E) . . . . . . . . . . Lower RH side of engine ................... . 
Starter Solenoid (VIN F)(VIN 8) . . . . Lower RH side of engine ................... . 
Starter Solenoid (VIN S) . . . . . . . . . . Lower RH side of engine ................... . 
C145 (1 cavity) ................... RH front of engine compartment, near battery .. 
C148 (1 cavity). . . . . . . . . . . . . . . . . . . RH front of engine compartment, near battery .. 
C207 (15 cavities) . . . . . . . . . . . . . . . . Behind RH side of 1/P, near ECM ............ . 
G 100 . . . . . . . . . . . . . . . . . . . . . . . . . . On lower RH front of engine ........... . .... . 
G 101 . . . . . . . . . . . . . . . . . . . . . . . . . . RH inner fender panel, near battery ....... : .. . 
S111 ........................... Engine harness, above RH rear corner of engine . 
S210 (VINE). . . . . . . . . . . . . . . . . . . . Engine harness, lower RH side of engine 

compartment ................... . ....... . 
S210 (VIN F)(VIN 8). . . . . . . . . . . . . . Engine harness, RH rear of engine compartment 
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STARTER AND CHARGING SYSTEM 

A: BATTERY IS UNDERCHARGED OR 
OVERCHARGED(TABLE1) 

Measure: VOLTAGE 
At: GENERATOR CONNECTOR 

(Disconnected) and GENERATOR 
BATTERY TERMINAL 

Condition: 
• Ignition Switch: RUN 

Measure Correct 
For Diagnosis Between Voltage 

F&Ground 
(see Battery See 1 

schematic) 

Battery 
Terminal& Battery See 2 

Ground 

• If all voltages are correct, reconnect con-
nectar and go to Table 2. 

1. Check/repair (250) wire and FP-F AN Fuse 
for opens (see schematic). 

2. Check/repair wiring to Positive Battery 
Terminal for an open (see schematic). 

A: BATTERY IS UNDERCHARGED OR 
OVERCHARGED (TABLE 2) 

Measure: VOLTAGE 
At: GENERATOR 
Conditions: 

• All Accessories Turned Off 
• Engine Running At Fast Idle 

Measure Correct 
For Diagnosis 

Between Voltage 

Battery 
Less than 16 Terminal& 

volts 
See 1 

Ground 

• If voltage is correct, perform a Generator 
Load Test. Refer to Section D6. Perform a 
Battery Load Test if Generator is good. 
Refer to Section 6D. 

1. Repair/replace Generator. Refer to Sec-
tion6D. 

CIRCUIT OPERATION 
CHARGING 

The Generator provides voltage to operate 
the car's electrical system and to charge its 
Battery. A magnetic field is created when cur
rent flows through the Rotor. This field rotates 
as the Rotor is driven by the engine, creating an 
AC voltage in the Stator windings. The AC 
voltage is converted to DC by the Rectifier 
Bridge and is supplied to the electrical system 
at the battery terminal. 

The Generator's Regulator uses digital tech
niques to supply the Rotor current and thereby 
control the output voltage. The Rotor current is 
proportional to the width of the electrical 
pulses supplied by the Regulator. When the 
Ignition Switch is placed in RUN, voltage is 
supplied to terminal F via the 250 wire turning 
on the Regulator. Narrow width pulses are sup
plied to the Rotor, creating a weak magnetic 
field. When the engine is started, the Regulator 
senses Generator rotation by detecting AC 
voltage at the Stator through an internal wire. 
Once the engine is running, the Regulator 
monitors the battery voltage at terminal S via 
the 2 wire and varies the required field current 
by controlling the pulse width. This regulates 
the Generator output voltage for proper Bat
tery charging and electrical system operation. 
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COOLANT FAN 

TROUBLESHOOTING HINTS 

• · Try the following checks before doing the Sys
tem Check. 

1. Check FP-F AN Fuse if the Coolant Fan does 
not run. 

2. Check that ground G 117 (V6 VIN S, V8 VIN 
F, and VS VIN 8) or ground G 112 (VS VINE) 
is clean and tight. 

• Go to System Check for a guide to normal 
operation. 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM CHECK 
• Use the System Check Table as a guide to 

normal operation. 

• Refer to System Diagnosis for a list of symp
toms and diagnostic steps. 

SYSTEM CHECK TABLE. 
ACTION NORMAL RESULT 

With the engine cold Coolant Fan turns 
and idling, turn the on 
A/C Selector to 
NORM (if equipped 
withA/C) 

With the engine Coolant Fan turns 
coolant below off 
operating 
temperature,move 
the A/C Selector to 
OFF 

(Continued on next page) 

COMPONENT LOCATION 

Assembly Line Diagnostic Link 
(ALDL) Connector . . . . . . . . . . . . . . Under LH side of 1/P, below Convenience Center. 

Coolant Fan Relay (VIN E)(VIN S) . . LH front of dash, on relay bracket ....... . ... . 
Coolant Fan Relay (VIN F)(VIN 8). . . RH rear of radiator support bracket .......... . 
Coolant Fan Switch (VINE). . . . . . . . Lower RH rear of engine ................... . 
Coolant Fan Switch (VIN S). . . . . . . . Top RH rear of engine ..................... . 
Coolant Temperature Sensor (VIN 

F)(VIN 8) .............. . ......• Top RH side of engine ..................... . 
Coolant Temperature Sensor (VIN S) Top front of engine, under intake plenum 
Electronic Control Module (ECM) . . . Behind RH side of 1/P ............. . ....... . 
Fan A/C Pressure Switch . . . . . . . . . . Lower RH rear corner of engine compartment, on 

A/Cline ................................ . 
Fuse Block. . . . . . . . . . . . . . . . . . . . . . Behind LH side of I/P ..................... . 
Fusible Link D . . . . . . . . . . . . . . . . . . RH front of engine compartment, near battery .. 
Fusible Link E (VINE) ............ RH front of engine compartment, at Junction 

Block ..... · ............................. . 
Fusible Link E (VIN S) . . .......•.. At Junction Block ........................ . 
Heavy Duty Coolant Fan Relay. . . . . RH front corner of engine compartment ....... . 
Heavy Duty Coolant Fan Switch . . . . RH rear of engine, above starter ............. , 
Mass Air Flow (MAF) Sensor (VIN 

F)(VIN 8) ..•.••....••. . •..•..•. Top of engine, on air intake duct ... · .......... . 
Cl0l (6 cavities) ................ . RH front corner of engine compartment ....... . 
C105 (4 cavities) .... · ............. RH rear of engine compartment ............. . 
C121 (4 cavities) ................. Top rear of engine ............ · ............. . 
C145 (1 cavity). . . . . . . . . . . . . . . . . . . RH front of engine compartment, near battery .. 
C207 (15 cavities) . . . . . . . . . . . . . . . . Behind RH side ofl/P, near ECM ............ . 
G 112 (VINE) . . . . . . . . . . . . . . . . . . . Rear of i.H cylinder head ..... . ............. . 
G 112 (VIN F)(VIN 8) . . . . . . . . . • • . . Rear of LH cylinder head ................... . 
G 115 . . . . . . . . . . . . . . . . . . . . . . . . . . In RH rear of engine compartment ........... . 
G 117 (VIN F)(VIN 8) • . . • . . . . . . • . . RH rear ofradiator bracket ................ . . 
G 117 (VIN S). . . . . . . . . . . . . . . . . . . . On rear of LH cylinder head ................. . 
G 118 (VIN F)(VIN 8) . . . . . .. . . . . . . Rear of RH cylinder head; .............. . ... . 
G 118 (VIN S). . . . . . . . . . . . . . . . . . . . On rear of RH cylinder head ................ . 
S108. . . . . . . . . . . . . . . . . . . . . . . . . . . Engine harness, center rear of engine ......... . 
S111 ........................... Engine harness, above RH rear corner of engine . 
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COOLANT FAN 
V6VINS 

(Continued from previous page) 

With the engine 
warm, run the 
engine at a fast idle 
for several minutes 

Coolant Fan turns 
on and the Heavy 
Duty Coolant Fan 
comeson(if 
equipped) before the 
Coolant 
Temperature 
Indicator in the 
Instrument Panel 
lights or before the 
Coolant 
Temperature Gage 
needle indicates hot 

• Refer to System Diagnosis when a result is not 
normal. 

SYSTEM DIAGNOSIS 
V6VINS 

• Do the tests listed for your symptom In the 
Symptom Table below. 

• Tests follow the Symptom Table. 

SYMPTOM TABLE 
SYMPTOM FOR DIAGNOSIS 

Coolant Fan does Do Test A: Coolant 
not run at all Fan Open Test 

Coolant Fan does Do Test B: Coolant 
not run with engine Fan Switch Test 
hot, but does run 
with the A/Con 

Coolant Fan runs all Do Test C: Coolant 
the time with the Fan Short Test 
engine cool and A/C 
off 

COMPONENT LOCATION 

s1i2 .......................... . 
S115 .......................... . 
S119 ........................... . 

S121 .......................... . 

S122 .......................... . 
S143 (VIN F)(VIN 8) •••••••••.•••. 

S181 .......................... . 

S185 (VINE) ................... . 
S188 ...... . ................... . 
S189 .......................... . 
S190 .......................... . 

S210 (VINE) ................... . 

S210 (VINF)(VIN 8) •.•. · ....•..... 
S218 (VIN F)(VIN 8) ............. . 
S218 (VIN S) ................... . 

In A/C harness, RH rear of engine compartment. 
Engine harness, above RH rear corner of engine . 
Cooling fan harness, RH front of engine 

compartment ............................ . 
Engine harness, RH front of engine compartment 

• • • • • • • • • • • e e e • • e •••I• I I I ■• I I I ■■■ I I ■ I ■■ 

Engine harness, RH side of engine compartment 
Engine harness, RH rear of engine compartment 
Engine harness, RH rear of engine, near exhaust 

manifold ............................... . 
Engine harness, RH rear of engine compartment 
Engine harness, behind top RH side of engine .. . 
Engine harness, RH rear of engine ........... . 
Engine harness, lower RH rear of engine 

compartment ........................... . 
Engine harness, lower RH side of engine 

compartment ............ · ............... . 
Engine harness, RH rear of engine compartment 
Engine harness, RH top of engine ............ . 
Engine harness, lower RH side of engine 

compartment ........................... . 
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COOLANT FAN 
V6VINS 

A: COOLANT FAN OPEN TEST 
(TABLE 1) 

Connect: FUSED JUMPER 
At: ASSEMBLY LINE DIAGNOSTIC LINK 

(ALDL) CONNECTOR 
Condition: 

• Ignition Switch: RUN 

Connect 
Correct Result For Diagnosis 

Between 

TerminalB& Coolant Fan 
See 1 Ground runs 

• If the result is correct, go to Section 6E 
for ECM diagnosis. 

1. Go to Table 2. 

A: COOLANT FAN OPEN TEST 
(TABLE 2) 

Connect: FUSED JUMPER 
At: COOLANT FAN RELAY CONNECTOR 

(Connected) 
Condition: 

• Ignition Switch: RUN 

Jumper 
Correct Result For Diagnosis 

Between 

F(DKGRN/ Coolant Fan WHT)& See 1 
Ground 

runs 

• If the Coolant Fan runs, check DK GRN/ 
WHT (335) wire for an open, then go to 
Section 6E for ECM diagnosis. 

1. Leave fused jumper connected and go to 
Table 3. 

A: COOLANT FAN OPEN TEST 
(TABLE 3) 

Connect: TEST LAMP 
At: COOLANT FAN RELAY CONNECTOR 

(Disconnected) 
Condition: 

• Ignition Switch: RUN 

Connect 
Correct Result For Diagnosis 

Between 

D(TAN/ 
WHT)& Lamplights See 1 
Ground 

E(RED)& 
Lamplights See2 Ground 

• If results are correct, go to Table 4 . 
1. Check FP-FAN Fuse, BRN (250) and 

TAN/WHT (250) wires for an open. 

2. Check Fusible Link E and RED (2) wire 
for opens. 

A: COOLANT FAN OPEN TEST 
(TABLE 4) 

Connect: FUSED JUMPER 
At: COOLANT FAN RELAY CONNECTOR 

(Disconnected I 
Jumper 

Correct Result For Diagnosis 
Between 

E(RED)&A Coolant Fan See 1 (BLK/RED) runs 

• If Coolant Fan runs, replace the Coolant 
Fan Temperature Switch. 

1. Leave fused jumper in place and go to 
Table 5. 

A: COOLANT FAN OPEN TEST 
(TABLE 5) 

Connect: TEST LAMP 
At: COOLANT FAN CONNECTOR 

(Disconnected I 
Connect 

Correct Result For Diagnosis 
Between 

B (BLK/RED) 
Lamplights See 1 &Ground 

B(BLK/RED) 
Lamplights See2 &A(BLK) 

• If results are correct, replace the Coolant 
Fan. 

1. Check BLK/RED (532) wire for an open. 

2. Check BLK (150) wire for an open. 

B: COOLANT FAN SWITCH TEST 
Connect: FUSED JUMPER 
At: COOLANT FAN SWITCH CONNECTOR 

(Disconnected) 
Condition: 

• Ignition Switch: RUN 

Jumper 
Correct Result For Diagnosis 

Between 

DKGRN/ Coolant Fan 
WHT& See 1 
Ground 

ru,ns 

• If Coolant Fan runs, replace the Coolant 
Fan Temperature Switch. Then go to Sec-
tion 6E for ECM Diagnosis. 

1. Check DK GRN/WHT (335) wire for an 
open. 
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COOLANT FAN 
V6 VIN SAND VS VIN E 

C: COOLANT FAN SHORT TEST 
1. With Ignition Switch in RUN, remove the 

Coolant Fan Switch connector. 

• If Coolant Fan does not turn off, go to step 2. 

• If Coolant Fan turns off, replace the Coolant 
Fan Switch. · 

2. Remove the FP-FAN Fuse. 

• If the Coolant Fan turns off, check DK GRN/ 
WHT (335) wires for shorts to ground. Refer 
to Section 6E for ECM diagnosis. 

• If the Coolant Fan does not turn off, replace 
the Coolant Fan Relay. 

SYSTEM DIAGNOSIS 
VSVIN E 

• Do the tests listed for your symptom in the 
Symptom Table below. 

• Tests follow the Symptom Table. 

SYMPTOM TABLE 
SYMPTOM FOR DIAGNOSIS 

Coolant Fan does Do Test A: Coolant 
not run with the Fan Open Test 
engine hot and the 
A/Con 

Coolant Fan does Do Test B: Coolant 
not run with engine Fan Switch Test 
hot, but does run 
with the A/C on 

Coolant Fan does Do Test C: A/C 
not run with A/C on, Control Head Test 
but does run with 
the engine hot 

(Continued in next column) 

(Continued from previous column) 

Coolant Fan runs all Do Test D: Coolant 
the time with NC Fan Short Test 
off, engine cool and 
IgniLion Switch in 
OFF 

Coolant Fan runs Correct/Repair 
with Ignition Switch Action: Replace 
in OFF Coolant Fan Relay 

A: COOLANT FAN OPEN TEST 
(TABLE 1) 

Connect: FUSED JUMPER 
At: COOLANT FAN RELAY CONNECTOR 

(Connected) 
Condition: 

• Ignition Switch: RUN 

Jumper 
Correct Result For Diagnosis 

Between 

F(DKGRN/ 
Coolant Fan WHT)& See 1 

Ground runs 

• If Coolant Fan runs, check DK GRN/ 
WHT (335) wire for an open. 

1. GotoTable2. 

A: COOLANT FAN OPEN TEST 
(TABLE 2) 

Connect: TEST LAMP 
At: COOLANT FAN RELAY CONNECTOR 

(Disconnected) 
Condition: 

• Ignition Switch: RUN 

(Continued in next column) 

(Continued from previous column) 

Connect 
Correct Result For Diagnosis 

Between 

D(BRN)& 
Lamplights See 1 Ground 

E(RED)& 
Lamplights See2 ·· 

Ground 

• If results are correct, go to Table 8 . 
1. Check FP-FAN Fuse and BRN (250) wire 

for opens. 

2. Check Fusible Link E and RED (2) wire 
for opens. 

A: COOLANT FAN OPEN TEST 
(TABLE 3) 

Connect: FUSED JUMPER 
At: COOLANT FAN RELAY CONNECTOR 

(Disconnected} 

Jumper 
Correct Result For Diagnosis 

Between 

E (RED)&A Coolant Fan 
Seel (BLK/RED) runs 

• If Coolant Fan runs, replace the Coolant 
Fan Relay. 

1. Leave fused jumper in place and go to 
Table 4. 
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COOLANT FAN 
VS VIN E, VB VIN F AND VS VIN S 

A: COOLANT FAN OPEN TEST 
(TABLE 4} 

Connect: TEST LAMP 
At: COOLANT FAN CONNECTOR 

(Disconnected) 
Condition: 

• Fus~d jumper in place from Table 3 

Connect 
Correct Result For Diagnosis 

Between 

B(BLK/RED) 
Lamplights See 1 

&Ground 
B(BLK/RED) 

Lamplights See2 &A(BLK) 

• If results are correct, replace the Coolant 
Fan. 

1. Check BLK/RED (632) wire for an open. 
2. Check BLK (150) wire for an open. 

B: COOLANT FAN SWITCH TEST 
Connect: FUSED JUMPER 
At: COOLANT FAN SWITCH CONNECTOR 

(Disconnected) 
Condition: 

• Ignition Switch: RUN 

Jumper 
Correct Result For Diagnosis 

Between 

BLK& Coolant Fan 
Seel Ground runs 

• If Coolant Fan runs, replace the Coolant 
Fan Switch. .. 

1. 'Check BLK (335) wire for an open (see 
·: schematic). 

C: A/C CONTROL HEAD TEST 
Connect: FUSED JUMPER 
At: A/C CONTROL HEAD CONNECTOR 

(Disconnected) 
Condition: 

• Ignition Switch: RUN 

Jumper 
Correct Result For Diagnosis 

Between 

B(DKGRN) Coolant Fan 
See 1 &Ground runs 

B(DKGRN) Coolant Fan 
See2 &A(B~K) runs 

• If results are correct, replace the A/C Con-
trolHead. 

1. Check DK GRN (535) and DK GRN/WHT 
(335) wires for an open (see schematic). 

2 . . CheckBLK (150) wire for an open. 

D: COOLANT FAN SHORT TEST 
1. With Ignition Switch in RUN, remove the 

Coolant Fan Switch. 

• If the fan continues to run, go to step 2. 

• If the fan turns off, replace the Coolant Fan 
Switch. 

2. Remove the FP-F AN Fuse. 

• If the fan continues to run, replace the 
Coolant Fan Relay. 

• If the fan turns off, check the A/C Control 
Head, and DK GRN (635) wire for a short to 
ground. 

SYSTEM DIAGNOSIS 
va VIN F AND V8 VIN 8 

• Do the tests listed for your symptom in the 
Symptom Table below. 

• Tests foUow the Symptom Table. 

SYMPTOM TABLE 
SYMPTOM FOR DIAGNOSIS 

Coolant. Fan does Do Test A: Coolant 
not run at all Fan Open Test 

Coolant Fan runs all Do Test B: Coolant 
the time with the Fan Short Test 
A/C off and engine 
cool 

Heavy Duty Coolant Do Test C: Heavy 
Fan does not run Duty Coolant Fan 

Open Test 

Heavy Duty Coolant Do Test D: Heavy 
Fan runs all the time Duty Coolant Fan 

Short Test 

A: COOLANT FAN OPEN TEST 
(TABLE 1) 

Connect: FUSED JUMPER 
At: ASSEMBLY LINE DIAGNOSTIC LINK 

(ALDL) CONNECTOR 
Condition: 

• Ignition Switch: RUN 

Connect 
Correct Result For Diagnosis 

Between 

TerminalB& Coolant Fan 
Seel Ground runs 

• If result is correct, go to Section 6E for 
ECM diagnosis. 

1. Go to Table 2. 
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COOLANT FAN 
VB VIN F AND VS VIN 8 

A: COOLANT FAN OPEN TEST 
(TABLE 2) 

Connect: FUSED JUMPER 
At: COOLANT FAN RELAY CONNECTOR 

(Connected) 
Condition: 

• Ignition Switch: RUN 

Jumper 
Coffect Result For Diagnosis 

Between 

F(DKGRN/ 
Coolant Fan WHT)& See 1 

Ground runs 

• If Coolant Fan runs, chtick DK GRN/ 
WHT (335) wfre for an open, then go to 
Section 6E for ECM diagnosis if wire is 
OK. 

1. Leave fused jumper connected and go to 
Table 3. 

A: COOLANT FAN OPEN TEST · 
(TABLE 3) 

Connect: TEST LAMP 
At: COOLANT FAN RELAY CONNECTOR 

(Disconnected) 
Condition: 

• Ignition Switch: RUN 

Connect 
Correct Result For Diagnosis 

Between 

D(BRN)& 
Lamplights Seel Ground 

E(ORN)& 
Lamplights See2 

Ground 

• If results are correct, go to Table 4. 

1. Check FP-FAN Fuse and BRN (250) wire 
for an open. 

2. Check Fusible Link D and ORN (440) wire 
for opens. 

A: COOLANT FAN OPEN TEST 
(TABLE 4) 

Connect: FUSED JUMPER 
At: COOLANT FAN RELAY CONNECTOR 

(Disconnected) 

"°'umper Correct Result For Diagnosis 
Between 

E(ORN)&A Coolant Fan 
See 1 

(BLK/RED) runs 

• If Coolant Fan runs, replace the Coolant 
Fan Relay. 

1. Leave fused jumper in place and go to 
Table 5. 

A: COOLANT FAN OPEN TEST 
(TABLE 5) 

Connect: TEST LAMP 
At: COOLANT FAN CONNECTOR 

(Disconnected) 
Condition: 

• Fused Jumper in place from Table 4 

Connect 
Correct Result For Diagnosis 

Between 

B(BLK/RED) 
Lamplights See 1 

&Ground 

B (BLK/R;ED) 
Lamplights · See2 

&A(BLK) 

• If results are correct, replace the Coolant 
Fan. 

1. Check BLK/RED (532) wire for an open. 

2. Check BLK (150) wire for an open. 

B: COOLANT FAN SHORT TEST 

With Ignition Switch in RUN, remove the 
FP-F AN Fuse. 

• If Coolant Fan turns off, check DK GRN/ 
WHT (335) wire for a short to ground. If the 
wire is OK, refer to Section 6E for ECM 
diagnosis. 

• If Coolant Fan does not turn off, replace the 
Coolant Fan Relay. 

C: HEAVY DUTY COOLANT FAN OPEN 
TEST (TABLE 1 ) 

Connect: FUSED JUMPER 
At: HEAVY DUTY COOLANT FAN SWITCH 

CONNECTOR (Disconnected) 
Condition: 

• Ignition Switch: RUN 

Jumper 
Correct Result For Diagnosis 

Between 

BLK(731)& 
Heavy Duty 

Ground 
Coolant Fan See 1 

runs 

• If result is correct, replace the Heavy 
Duty Coolant Fan Switch. 

1. Go to Table 2. 
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COOLANT FAN 
V6 VIN S, VS VIN F AND VS VIN 8 

C: HEAVY DUTY COOLANT FAN OPEN 
TEST (TABLE 2) 

Connect: TEST LAMP 
At: HEAVY DUTY COOLANT FAN RELAY 

CONNECTOR (Disconnected) 
Conditions: 

• Ignition Switch: RUN 
• Fused jumper in place from Table 1 

Connect 
Correct Result For Diagnosis 

Between 

D(TAN)& 
Lamplights Seel Ground 

D(TAN)&F 
(DKGRN/ Lamplights See2 

WHT) 

E(ORN)& Lamplights See3 Ground 

• If results are correct, go to Table 3. 
1. Check TAN and BRN (250) wires for an 

open (see schematic). 
2. Check DK GRN/WHT (935), GRY (731) 

and BLK (731) wires for an open. 
3. Check ORN (440)"wire and Fusible Link p 

for an open. 

C: HEAVY DUTY COOLANT FAN OPEN 
TEST (TABLE 3) 

Connect: FUSED JUMPER 
At: HEAVY DUTY COOLANT FAN RELAY 

CONNECTOR (Disconnected) 

Jumper 
Correct Result For Diagnosis 

Between 

E(ORN)&A Heavy Duty 

(BLK/RED) Coolant Fan See 1 
runs 

• If result is correct, replace the Heavy 
Duty Coolant Fan Relay. 

1. Go to Table 4. 

C: HEAVY DUTY COOLANT FAN OPEN 
TEST (TABLE 4) 

Connect: TEST LAMP 
At: HEAVY DUTY COOLANT FAN 

CONNECTOR (Disconnected) 
Condition: 

• Fused jumper in place from Table 3 

Connect 
Correct Result For Diagnosis 

Between 

B(BLK/RED) Lamplights See 1 &Ground 

B(BLK/RED) Lamplights See2 &A(BLK) 

• If results are correct, replace the Heavy 
Duty Coolant Fan. 

1. Check BLK/RED (932) wire for an open. 
2. Check BLK (150) wire for an open. 

D: HEAVY DUTY COOLANT FAN 
SHORT TEST 
Remove the FP-FAN Fuse with Ignition 
Switch in RUN. 

• If the fan continues to run, replace the 
Heavy Duty Coolant Fan Relay. 

• If the fan stops, check DK GRN/WHT (935), 
GRY (731) and BLK (731) wires and HeaVY· 
Duty Coolant Fan Switch for shorts to 
ground (see schematic). 

CIRCUIT OPERATION 
V6 VIN S, VS VIN F, AND VS VIN S 

The Coolant Fan is controlled by the Elec
tronic Control Module (ECM). In the V6 VIN S, 
the Coolant Fan is also controlled by the 
Coolant Fan Switch. When the ECM grounds 
the 835 circuit, the Coolant Fan Relay is ener
gized and battery voltage is applied to the 
Coolant Fan. If the ECM fails (V6 VIN S), the 
Coolant Fan Switch will ground the 335 circuit 
and energize the Coolant Fan Relay. The ECM 
will ground the Coolant Fan Relay when the 
Coolant Temperature Sensor indicates the 
coolant temperature is greater th.an 106 °C 
(222 °F) or when the A/C Head Pressure is 
greater than 238 psi (1600 kPa) and the vehicle 
speed is less than 40 mph. 
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COOLANT FAN 
V6 VIN S, VS VIN F, VS VIN SAND VS VINE 

In the VS VIN F and the VS VIN 8, the Heavy 
Duty Coolant Fan is controlled by the Heavy 
Duty Coolant Fan Switch and Fan Pressure 
Switch. With the Ignition Switch in RUN, bat
tery voltage is applied through the FP-FAN 
Fuse to the Heavy Duty Coolant Fan Relay coil. 
When either switch closes, the Heavy Duty 
Coolant Fan Relay is energized and its contacts 
close. Battery voltage is supplied to the Heavy 
Duty Coolant Fan and the fan comes on. 

VS VINE 

The Coolant Fan Relay is activated by the 
Coolant Fan Switch. The switch closes when the 
coolant temperature is over 116 °C (243 °F), 
completing a path to ground through the 
Coolant Fan Relay windings. The relay contacts 
then close and voltage is applied to the Coolant 
Fan. When the coolant temperature drops to 
116 °C (243 °F), the switch opens and the 
Coolant Fan stops. 

In A/C equipped vehicles, the A/C Control 
Head completes a path to ground for the 
Coolant Fan Relay. Voltage is then applied to 
the Coolant Fan. 
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VEHICLE SPEED SENSOR 

TROUBLESHOOTING HINTS 
• Try the following checks before doing the 

System Diagnosis. 
1. Check the GAGES Fuse by starting the en

gine and observing that the gages operate. 

2. If the Speedometer does not operate, there 
may be a mechanical problem with the Speed
ometer cable system. See Section 7 of the Ser
vice Manual for procedures. 

3. Check that ground G 118 (VIN S and VIN E) 
or G 112 (VIN F and VIN 8) is clean and tight 
(see schematic). 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM DIAGNOSIS 
Note: Check for diagnostic code 24 before doing 

the System Diagnosis. If present refer to 
Section6E. 

• Do the tests listed for your symptom In the 
Symptom Table below. 

• Tests follow the Symptom Table. 

SYSTEM CHECK TABLE 
SYMPTOM DO TEST 

Speedometer works A: Vehicle Speed 
properly, but the Sensor Buffer 
other speed Test 
functions do not 
operate properly 

Speedometer and Check Speedometer 
Odometer do not Cable, see Section 7 
work properly and of the Service 
the other speed Manual 
functions also do not 
operate properly 

COMPONENT LOCATION 

Cruise Control Module .. . ........ . 
Electronic Control Module (ECM) .. . 
Fuse Block ........... .. ... . ... . . 
C207 (15 cavities) ............... . 
C211 (2 cavities) ...... . . . ....... . 
G 112 (VIN F)(VIN 8) . .... . . ..... . 
G 118 (VINE) .................. . 
G 118 (VIN S) ...... . ...... . ..... . 
S143 (VINE) ................... . 
S143 (VINF)(VIN 8) ........•.•... 

S181 ......... . . . .... ... .. . ... . . 

S204 ......... . ........... . ... . . 

S217 .... . ............. . ....... . 

Behind RH center of 1/P ................... . 
Behind RH side of 1/P ................... . . . 
Behind LH side of I/P .................... . . 
Behind RH side of 1/P, near ECM ............ . 
Behind RH center of I/P, taped to I/P harness . . . 
Rear of LH cylinder head ................... . 
Rear of RH cylinder head ................... . 
On rear of RH cylinder head ................ . 
Engine harness, LH rear of engine compartment. 
Engine harness, RH rear of engine compartment 
Engine harness, RH rear of engine, near exhaust 

manifold . ....... . · .. . ...... . ............ . 
I/P harness, behind RH side of instrument 

cluster ... . .. . ................... .. .... . . 
1/P harness, behind RI I side of instrument 

cluster ................ . ... . ........ . . . . . 

Page-Figure 

201-10-A 
201- 8-D 
201-12-A 
201- 8-D 
201- 8-D 
201- 6-C 
201- 6-A 
201- 0-B 
201- 4-A 
201- 9-A 
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201-12-A 
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VEHICLE SPEED SENSOR 

(Continued from previous page) 

A: VEHICLE SPEED SENSOR BUFFER 
TEST 

Measure: VOLTAGE 
At: INSTRUMENT CLUSTER CONNECTOR C1 

(Disconnected) 
Conditions: 

• Ignition Switch: RUN 
• Cruise Switch: ON 

Measure Correct I for Diagnosis 
Between Voltage 

10 (PNK/BLK) 
Battery I See 1 

& Ground 

10 (PNKJBLK) 
& 9 (BLK/ I Battery I See 2 

WHT) 

8 (BRN) & 
I Battery I See 3 Ground 

• If all voltages are correct and just the 
Cruise Control or Electronic Control 
Module is not receiving the speed signal, 
check BRN (437) wire from the Vehicle 
Speed Sensor Buffer to that component. 

• If all voltages are correct and both the 
Cruise Control and Electronic Control 
Module are not receiving the speed signal, 
repair/replace the Vehicle Speed Sensor 
and Vehicle Speed Sensor Buffer circuits. 

1. Check PNKJBLK (39) wire for an open (see 
schematic). If wire is OK, check the 
GAGES Fuse. 

2. Check BLK/WHT (460) wire for an open 
(see schematic). Check that ground G 118 
is clean and tight. 

3. Check BRN (437) wire for an open (see 
schematic). If wire is OK, check/replace 
suspect component. 

CIRCUIT OPERATION 
The Vehicle Speed Sensor (VSS} generates a 

signal that indicates the speed of the vehicle. 
This signal is processed by the solid state Vehicle 
Speed Sensor Buffer to supply inputs to the 
Electronic Control Module (ECM} and the 
Cruise Control Module. 

The Vehicle Speed Sensor is mounted in the 
back of the Speedometer. The speedometer cable 
rotates a disk in the Speedometer. 'l'he disk has 
two reflecting surfaces. Light from an infrared 
source in the Vehicle Speed Sensor reflects back 
to a solid state detector at the sensor. As the 
speedometer cable turns, pulses of lig·ht are re
turned to the detector and electrical pulses are 
sent by the Vehicle Speed Sensor to the Vehicle 
Speed Sensor Buffer. The frequency of these 
pulses depends on the speed of the vehicle. As 
the speed increases, so does the number of volt
age pulses produced each second. There are 2000 
pulses for each mile that the car travels. 

The Vehicle Speed Sensor Buffer takes the 
voltage pulses from the Vehicle Speed Sensor, 
and uses them to close a solid state switch. Each 
sensor pulse closes the switch once. The output 
terminals are switched to ground at a rate that 
indicates the speed of the vehicle. 

The output switch in the Vehicle Speed Sensor 
Buffer is a solid state switch, not a mechanical 
one. Self-powered test lamps or ohmmeters 
should not be used to test the output. Do not 
measure the resistance at the output of the Vehi
cle Speed Sensor Buffer. 
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CRUISE CONTROL 

TROUBLESHOOTING HINTS 

• Try the following checks before doing the Sys
tem Check. 

1. Check all Vacuum Hoses for leaks, kinks, 
and restrictions. Also check Cruise Control 
Servo linkage. Refer to Section 9 for Vacuum 
Hose routing and Servo linkage adjust- . 
ments. 

2. If the system works except for the Tap-Up 
and Tap-Down functions replace the Cruise 
Control Module. 

• Go to System Check for a guide to normal 
operation. 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM CHECK (ROAD TEST) 

• Use the System Check Table as a guide to 
normal operation. 

COMPONENT LOCATION 

Brake Switch. . . . . . . . . . . . . . . . . . . . Top of brake pedal support ................. . 
Check Valve. . . . . . . . . . . . . . . . . . . . . Center front of dash ....................... . 
Cruise Control Clutch Switch. . . . . . . Behind 1/P, on clutch pedal bracket .......... . 
Cruise Control Module . . . . . . . . . . . . Behind RH center of 1/P ................... . 
Cruise Control Servo. . . . . . . . . . . . . . LH front corner of engine compartment ....... . 
Fuse Block . .- . . . . . . . . . . . . . . . . . . . . Behind LH side of 1/P ..................... . 
Multi-Function Lever. . . . . . . . . . . . . Top LH side of steering column .............. . 
Vacuum Tank . . . . . . . . . . . . . . . . . . . Front LH comer of engine compartment ...... . 
C203 (6 cavities) . . . . . . . . . . . . . . . . . Behind LH side of 1/P, above brake pedal ...... . 
C211 (2 cavities) . . . . . . . . . . . . . . . . . Behind RH center of 1/P, taped to I/P harness .. . 
C235 (4 cavities) . . . . . . . . . . . . . . . . . Behind LH side of 1/P, near steering column ... . 
G 112 (VIN F)(VIN 8) . . . . . . . . . . . . . Rear of LH cylinder head ................... . 
G 118 (VINE) . . . . . . . . . . . . . . . . . . . Rear of RH cylinder head ................... . 
G 118 (VIN S) . . . . . . . . . . . . . . . . . . . . On rear of RH cylinder head ................ . 
G323 .......................... On LH front fender, behind w~eelhouse ....... . 
S204 ........................... I/P harness, behind RH side of instrument 

Page-Figure 

201· 8-C 
201· 8-C 
201· 8-C 
201-10-A 
201· 8-C 
201-12-A 
201-13-B 
201· 8-C 
201-10-A 
201· 8-D 
201-10-A 
201· 6-C 
201- 6-A 
201- 0-B 
201· 8-D 

cluster. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201-12-A 
S212. . . . . . . . . . . . . . . . . . . . . . . . . . . Cruise control jumper harness, behind center of 

1/P...................................... 201-13-A 

SYSTEM CHECK TABLE 

ACTION NORMAL RESULT 

Drive car faster than 25 mph Car should maintain speed 
Turn Cruise Switch ON 
Depress Set button at the end of the Multi-
Function Lever 

Hold Set button in, take foot off accelerator Car should coast to a slower speed 

Release Set button Cruise Control should engage and hold a slower 
speed, if the new speed remains above 25 mph 

Slide Cruise Switch to R/ A and hold it there Car should accelerate 

Release Cruise Switch back to ON Car should hold new faster speed 

Tap brake pedal Car should coast slower 
(Cruise disengages) 

Slide Cruise Control Switch momentarily to R/ A Car should accelerate to former set speed 

(Continued on next page) 
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CRUISE CONTROL 

i 

(Continued fr 
While cruising, accelerate, then remove foot 
from accelerator 

While cruising, tap Cruise Switch to R/ A 

While cruising, tap Set button 

Slide Cruise Switch to OFF 
• Note: Do not press both the SET and R/A 

Switches at the same time while the 
engine is running. If the Quick Checker 
displays a short light, release the 
switches immediately. Shorts can 
damage the Quick Checker. 

Car should coast back to set speed 

Car speed should increase 1 mph for each tap, up 
to ten taps, then system may have to be reset to 
anew speed 

Car speed should decrease 1 mph for each tap, 
until 25 mph is reached, then Cruise Control will 
not operate 

Cruise Control turns off 

SYSTEM DIAGNOSIS 

• Use the Isolation Test below to choose the 
proper diagnostic tests. 

• Tests follow the Isolation Test. 

ISOLATION TEST 
Connect: QUICK CHECKER (J-34185, SPECMO QC-3 OR EQUIVALENT) or VOLT-OHMMETER 
At: CRUISE CONTROL MODULE CONNECTOR (Disconnected) 
Conditions: 

• Ignition Switch: RUN 
• Test with Quick Checker (J-34185 or equivalent) or Digital Meter 

Without Quick Checker, 
With Quick Using a Digital Meter 

Check Condition Checker, 
Correct Response Meter Connector Correct 

Range Terminals Response 

1 Cruise Switch OFF - 200 ohms J &Ground 0ohms 
~·i 20VDC A&J 0volts 

All Lights Off 
20VDC M&J 0volts 

2 Cruise Switch ON ON/OFF Light On 20VDC A&J Battery voltage 

BRK Light On 20VDC G&J Battery voltage 

VE NT Light On 200ohms C&J 30 to 55 ohms 

VACLightOn 200ohms K&.J 30 to 55 ohms 

SPSLightOn 200ohms F&H 15 to 25 ohms 

RA Light Off 20VDC M&J 0 volts 

SC Light Off 20VDC L&J 0 volts 

For 
Different 

Response, 
Do 

Test: 
B 

A 

B 

C 

D 

E 

F 

A 

A 
(Continued on next page) 
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CRUISE CONTROL 

(Continued from previous page) 

Test Condition 

3 Cruise Switch ON, Set Switch 
pressed 

4 Cruise Switch in R/A 

5 Cruise Switch ON, drive wheels 
turned by hand 

6 Run engine for one minute, then 
tum it off. With Ignition Switch in 
RUN, and holding Cruise Switch in 
R/ A, press Set Switch, wait for Servo 
to pull in and release Set Switch 

• If all the responses were correct, do Test 0. 

A: CRUISE SWITCH SHORT TEST 
Check for shorts to voltage in the wires to ter
minals G (BRN), A (GRY), M (GRY/BLK) and L 
(DK BLU) of the Cruise Control Module (see 
schematic). 

B: POWER CIRCUIT OPEN TEST 
1. Check Gages Fuse. 

2. Check that terminal J (BLK) of the Cruise 
Control Module is grounded. 

Without Quick Checker, For 
With Quick Using a Digital Meter Different 

Checker, Response, 
Correct Response Meter Connector Correct Do 

Range Terminals Response Test: 

SC Light On 20 VDC L&J Battery voltage G 

VAC & SHORT Lights Off 200ohms K&J 30 to 55 ohms H 

ON/OFF Light On 20 VDC A&J Battery voltage A 

RA Light On 20 VDC M&J . Battery voltage I 

VENT & SHORT Lights 200ohms C&J 30 to 55 ohms J Off 

Pulses between 
VSS Light flashes On and 

20 voe A&D approximately battery K,L 
Off voltage and less than 7 

· volts 

Vacuum holds the servo 
Connect fused jumper from 

Vacuum holds the servo 
all the way in C to M and from K to L 

before operating switches 

3. Disconnect connector C235 and check for 
battery voltage at terminal A (PNK/BLK) of 
the harnes~ half with Ignition in RUN (see 
schematic). 

• If battery voltage is missing, check/repair 
PNK/BLK (39) wire. 

4. Check continuity between terminals A 
(BLUI and B (G RN) of the pin half of connec
tor C235 with the Cruise Switch ON. 

all the way in M 

5. Check for an open in G RY (397) wire between 
terminal B of connector C235 and terminal A 
of the Cruise Control Module connector. 

C: BRAKE CIRCUIT OPEN TEST 
1. Check for an open Brake Switch or Cruise 

Control Clutch Switch (see schematic). 

2. Check for an open in the BRN (86) or GRY 
(397) wire (see schematic). 

~ 
I 
w 
~ · 

~ 

• If the Switch is open, replace the Multi
Function Lever. n 
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CRUISE CONTROL 

(Continued from previous page) 
D; VENT CIRCUIT OPEN TEST 

• If you are testing with a digital voltmeter 
and you measured less than 30 ohms, per
form Test J. Otherwise, remove the connec
tor from the Cruise Control Servo. Measure 
the resistance between terminals A and C of 
the Servo. 

• If it is greater than 66 ohms, replace the 
Servo. 

• If it is less than 55 ohms, check for an open 
DK BLU/WHT (403) wire between terminal 
C of the Cruise Control Module and terminal 
A of the Cruise Control Servo. Check that 
terminal C (BLK) of the Servo connector is 
grounded (see schematic). 

E: VAC CIRCUIT OPEN TEST 
If you are testing with a digital voltmeter 
and you measured less than 30 ohms, per
form Test H. Otherwise, remove the connec
tor from the Cruise Control Servo. Measure 
the resistance between terminals E and C of 
the Servo. 

• If it is more than 55 ohms, replace the Servo. 

• If it is less than 55 ohms, check for an open in 
the LT GRN (402) wire between terminal K 
of the Cruise Control Module and terminal E 
of the Cruise Control Servo. Check that ter
minal C (BLK) of the Servo Connector is 
grounded (see schematic). 

F: SPS CIRCUIT OPEN TEST 
If you are testing with a digital voltmeter 
and you measured less than 15 ohms, per
form Test N. Otherwise, remove the connec-

tor from the Cruise Control Servo. Measure 
the resistance between terminals B and D of 
the Servo. 

• If it is more than 25 ohms, replace the Servo. 

• If it is less than 25 ohms, check for an open in 
the LT BLU/BLK (399) wire between termi
nal H of the Cruise Control Module and ter
minal D of the Cruise Control Servo. Check 
for an open in the TAN (398) wire between 
terminal F of the Module and terminal B of 
the Servo. 

G: SC CIRCUIT OPEN TEST 

Disconnect connector C235 and check the 
switch continuity between terminals B 
(GRN) and D (RED) of the pin half with the 
Set Switch pressed. 

• If the switch is open, replace the Multi-Func
tion Lever. 

• If the switch is not open, check for an open in 
the DK BLU (84) wire between terminal D of 
connector C235 and terminal L of the Mod
ule. 

H: VAC CIRCUIT SHORT TEST 
Remove the connector from the Cruise Con
trol Servo and measure resistance between 
terminals E (LT GRN) and C (BLK) of the 
Cruise Control Servo. 

• If it is less than 30 ohms, replace the Servo. 

• If it is 30 ohms or more, check for a short to 
ground in the wire from terminal K of the 
Cruise Control Module to terminal E of the 
Cruise Control Servo. 

I: R/A CIRCUIT OPEN TEST 

Disconnect connector C235 and check switch 
continuity between terminals A (BLU) and C 

~ 
3:: 
)> 

(YEL) of the pin half with the Cruise Switch in I ~ 
R/A. 

• If the switch is open, replace the Multi-Func
tion Lever. 

• If the switch is not open, check for an open in 
the GRY/BLK (87) wire between terminal C 
of connector C235 and terminal M of the 
Module. 

J: VENT CIRCUIT SHORT TEST 
Remove the connector from the Cruise Con
trol Servo and measure resistance between 
terminals A and C of the Servo. 

• If it is less than 30 ohms, replace the Servo. 

• If it is 30 ohms or more, check for a short to 
ground in the DK BLU/WHT (403) wire from 
terminal C of the Cruise Control Module to 
terminal A of the Cruise Control Servo. 

K: VSS CIRCUIT OPEN TEST 

If the VSS light does not come on, or the volt
age between terminals A and D remains less 
than 7 volts, check for an open in the BRN (437) 
wire from the Vehicle Speed Sensor Buffer. 
Refer to page 33-0 for diagnosis of Vehicle 
Speed Sensor. 

L: VSS CIRCUIT SHORT TEST 
If the VSS light does not go off or battery 
voltage remains between terminals A and D, 
check for a short to ground at the BRN (437) 
wire from the Vehicle Speed Sensor· Buffer. ~ 
Refer to page 33-0 for diagnosis of Vehicle I 
Speed Sensor. W 

~ 
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CRUISE CONTROL 

(Continued from nrevious page) 

M: VACUUM SYSTEM TEST 

1. Check for a blocked or leaking vacuum 
source. 

2. If the vacuum source is good, plug the Vac• 
uum Release Port and repeat Test 6 of the 
Isolation Test. 

• If the vacuum now holds the throttle open, 
repair or replace the Cruise Control Vacuum 
Release Valve or the hose to it. 

• If the test still fails, replace the Cruise Con· 
trol Servo. 

N: SPS CIRCUIT SHORT TEST 
Disconnect the Cruise Control Servo connector 
and measure the resistance between terminals 
F and G of the Cruise Control Connector. 

• If the resistance is now over range, replace 
the Cruise Control Servo. 

• If the resistance is still low, find and repair 
the short in the wire from terminal F (TAN) 
of the Cruise Control Module to terminal B 
of the Cruise Control Servo. 

0: CRUISE MODULE TEST 
1. Check the resistance between grounds G 118 

(VIN Sand VINE) or G 112 (VIN F and VIN 
8) andG323. 

• If the resistance is more than 0.1 ohm, clean 
and tighten both grounds and the negative 
battery cable. In cases where the ground 
circuit is suspect, add a ground strap 
between the engine, block and the bulkhead. 

• If the resistance is less than 0.1 ohm, replace 
Cruise Control Module and check for normal 
operation. 

CIRCUIT OPERATION 

The Cruise Control System operates a 
mechanical linkage to the throttle by means of a 
Vacuum Motor. This ia a diaphragm moved by 
a vacuum applied to one side. A solenoid oper· 
ated valve connects the Vacuum Motor to a 
Vacuum Tank. Another solenoid valve vents 
the vacuum to reduce suction. The Cruise Con
trol Module controls the Vacuum Motor and the 
throttle by pulsing these solenoid valves on and 
off. 

One input to the Module is the vehicle speed. 
This input comes from the Vehicle Speed Sen• 
sor and Vehicle Speed Sensor Buffer. If the 
actual speed signal is different from the speed 
that was set into and remembered by the Mod
ule, the Module generates pulses to change the 
vacuum and return the vehicle to the set speed. 
Other inputs to the Module come from the 
Cruise Switch and the Set Switch. A switch on 
the brake and/or clutch pedal disengages input 
to the Module. A separate vacuum shut-down 
of the Cruise Control comes from the Cruise 
Control Vacuum Release Valve on the brake 
pedal. 

The two inputs of the Cruise Control Module 
operate the coils of the Vacuum Valve and the 
Vent Valve. Both valves are located in the 
Cruise Control Servo. These valves move the 
throttle by means of the Vacuum Motor. The 
Servo Position Sensor coil senses the position 
and motion of the Vacuum Motor. It feeds this 
information back to the Module to provide 
smooth acceleration while the vehicle is in 
Cruise Control. 
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HORNS 

TROUBLESHOOTING HINTS 
• Try the following checks before doing the Sys

tem Diagnosis. 

1. Check ACC Fuse by operating Cigar 
Lighter. 

2. If only one Horn sounds, check DK G RN (29) 
wire to inoperative Horn for an open. · 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM DIAGNOSIS 
• Diagnostic steps for the symptoms listed in 

the following table are listed after the table. 

SYMPTOM TABLE 
A: Horn(s) sounds continuously. 
B: Hom(s) does not sound. 

A: HORN($) SOUNDS CONTINUOUSLY 
Connect: TEST LAMP 
At: HORN RELAY CONNECTOR 

(Disconnected) 

Connect Correct Result For Diagnosis 
Between 

A(ORN)&B Lamp does See 1 (BLK) not light 

• If the lamp does not light replace the 
Hom Relay. 

1. Check BLK (28) wire and Hom Switch for 
shorts. 

COMPONENT LOCATION 

Convenience Center . . . . . . . . . . . . . . Behind 1/P, to right of steering column .... . . . . . 
Fuse Block. . . . . . . . . . . . . . . . . . . . . . Behind LH side of 1/P ... . ...... ... ... . .... . 
Horn Brush . . . . . . . . . . . . . . . . . . . . . Below Steering Wheel ...... . ........ . . .. . . . 
Horn Slip Ring . . . . . . . . . . . . . . . . . . Top of steering column, below steering wheel. .. . 
Horn Switch . . . . . . . . . . . . . . . . . . . . Below steering wheel ... . . . ..... . . . , . . . . . .. . 
ClO0 (46 cavities) ... . . ... ..... .. . LH front of dash, below relay bracket ......... . 
C210 (11 cavities) . . . . . . . . . . . . . . . . Lower RH side of steering column, behind 1/P .. . 
S124 . . . . . . . . . . . . . . . . . . . . . . . . . . . Front lights harness, front LH corner of engine 

compartment . . ....... . .... . ......... . .. . 
S203 . . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind RH side of instrument 

cluster ...... .. ..... . .............. . .... . 

B: HORN(S) DOES NOT SOUND CIRCUIT OPERATION 

Page-Figure 

201-12-A 
201-12-A 
201-13-B 
201-13-B 
201-13-B 
201· l·A 
201·13·A 

201- 8-C 

201-12-A 

Connect: TEST LAMP 
At: HORN RELAY CONNECTOR 

(Disconnected) 

Connect 
Correct Result For Diagnosis 

When the Hom Switch is depressed, one side 
of the Hom Relay coil is grounded. The relay is 
energized. Its contacts close and battery volt
age is applied to the Horns. 

Between 

A(ORN)& 
Lamplights See 1 Ground 

• Horn Switch: ON 

A(ORN)&B Lamplights See2 (BLK) 

• If all test results are good, check Homs 
and the DK G RN (29) wire for opens, then 
replace the Hom Relay if wire and Homs 
areOK. 

1. Check ORN (40) wire for an open. 
2. Check BLK (28) wire and Hom Switch for 

opens. 
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BRAKE WARNING SYSTEM 

TROUBLESHOOTING HINTS 

• Try the following checks before doing the Sys
tem Check, 

1. Check GAGES Fuse by observing other 
Instrument Cluster Indicators. 

2. If BRAKE Warning Indicator does not light 
at all, check the bulb and the Instrument 
Cluster (see Section 81). 

3. If the brakes do not function properly or a 
leak is detected, refer to Section 6. 

4. Check that brake fluid reservoir is filled. 

• Go to System Check for a guide to normal 
operation. 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM CHECK 
• Use the System Check Table as a guide to 

normal operation. 

• Refer to System Diagnosis for a 11st of symp
toms and diagnostic steps, 

g 
~ 

COMPONENT LOCATION Page-Figure I ~ 
Brake Fluid Level Switch, . . . . . . . . . LH side of engine compartment, below master 

cylinder ................................ . 201-10-A 
201-12-A 
201-13-A 
201-15-C 
201· l·A 
201-15-C 

Fuse Block. . . . . . . . . . . . . . . . . . . . . . Behind LH side of 1/P ..................... . 
Ignition Switch. . . . . . . . . . . . . . . . . . At base of steering column, below 1/P ......... . 
Parking Brake Switch. . . . . . . . . . . . . In console at parking brake ................. . 
CIO0 (46 cavities) . . . . . . . . . . . . . . . . LH front of dash, below relay bracket ......... . 
C241 (3 cavities) ................. 1/P harness, in console ..................... . 
S204. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind RH side of instrument 

cluster ................................. . 201-12-A 
201-11-A S228. . . .. . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind LH side ofl/P ........... . 

SYSTEM CHECK TABLE 
ACTION NORMAL RESULT 

With the Parking BRAKE Warning 
Brake released, turn Indicator lights 
the Ignition Switch 
slowly past the 
RUN position 

Release the Ignition BRAKE Warning 
Switch to the RUN Indicator does not 
position light 

With the Ignition BRAKE Warning 
Switch in RUN, Indicator lights 
apply the Parking 
Brake 

Release the Parking BRAKE Warning 
Brake Indicator does not 

light 

• Refer to System Diagnosis when a result is not 
normal. 

SYSTEM DIAGNOSIS 
• Diagnostic steps for the symptoms listed In 

the followlng table are listed after the table. 

SYMPTOM TABLE 
A: BRAKE Warning Indicator remains on 

with the Ignition Switch in RUN and the 
Parking Brake off 

B: BRAKE Warning Indicator does not 
light during a warning condition or with 
the Ignition Switch in Bulb Test or 
START 

A: BRAKE WARNING INDICATOR 
REMAINS ON WITH THE IGNITION 
SWITCH IN RUN AND THE PARKING 
BRAKE OFF 

Disconnect the connectors, one at a time, to 
each of the Switches controlling the Indicator 
(see schematic). 

(Continued on next page) 
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BRAKE WARNING SYSTEM 

(Continued from previous page) 

• If the Indicator does not go out, check the 
wiring between the Instrument Cluster and 
each Switch for a short to ground. If wiring 
is good, the problem is in the Instrument 
Cluster, see Section 8A-81. 

• If the Indicator goes out, refer to corre
sponding check below. Replace the faulty 
switch if the check is good. 

• If Parking Brake Switch was closed, check 
Parking Brake adjustment. 

• If Brake Fluid Level Swtich was closed, 
check for a possible loss of fluid in the brake 
system. 

B: BRAKE WARNING INDICATOR DOES 
NOT LIGHT DURING A WARNING 

. CONDITION OR WITH THE IGNITION 
SWITCH IN BULB TEST OR START 

Disconnect the connector to the suspect Switch 
and ground the connector with a fused jumper. 

• If the BRAKE Warning Indicator does not 
light, check the wiring between the Instru
ment Cluster and the Switch for an open. If 
the wiring is good, the problem is in the 
Instrument Cluster (see Section SA-81). 

CIRCUIT OPERATION 

Battery voltage is applied to the BRAKE 
Warning Indicator when Ignition Switch is in 
RUN, BULB TEST or START. Three Switches 
are connected to the BRAKE Warning Indica
tor. When any one of these Switches closes, 
ground is provided and the Indicator lights. 

The Ignition Switch provides a ground when 
it is in the BULH"TEST and START positions. 
The BRAKE Warning Indicator lights. 

The Parking Brake Switch provides a ground 
when the Parking Brake is applied . The 
BRAKE Warning Indicator lights to alert the 
driver. 

The Brake Fluid Level Switch closes to light 
the BRAKE Warning Indicator when_ there is 
low brake fluid. The Switch can be reset to an 
open condition by refilling the reservoir. This 
can only be accomplished after the faulty sys
tem has been repaired. 
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HEATER 

TROUBLESHOOTING HINTS 

• Try the following checks before doing the 
System Check. 

1. If Blower Motor does not operate at all, 
check HTR-A/C Fuse. 

2. Check that ground 0108 is clean and tight. · 

3. If Blower Motor does not turn off, install a 
new Blower Switch. 

• Go to System Check for a guide to normal 
operation. 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM CHECK 
• Use the System Check Table as a guide to 

normal operation. 

• Refer to System Diagnosis for a list of symp
toms and diagnostic steps. 

SYSTEM CHECK TABLE -
ACTION NORMAL RESULT 

With Ignition Blower Motor does 
Switch in RUN, set not operate 
Blower Switch to 
OFF 

Set Blower Switch Blower Motor oper-
to LO ates at low speed 

Set Blower Switch Blower Motor 
to MED operates faster at 

medium speed 

Set Blower Switch Blower Motor oper-
to HI ates faster at high 

speed 

COMPONENT LOCATION Page-Figure 

Blower Motor ................... RH front of dash. . . . . . . . . . . . . . . . . . . . . . . . . . . 201-14-A 
Blower Resistors (without A/C) . . . . . Near Blower Motor, on heater module . . . . . . . . . 201-14-A 
Fuse Block ...................... Behind LH sideofl/P . . . . . . . . . . . . . . . . . . . . . . 201-12-A 
C202 (1 cavity) ... . .............. Behind center ofl/P, near A/C Control Head . . . . 201-16-C 
G108 • .••• . ....•••......... . •.. RHfrontofdash,leftofBlowerMotor......... 201-16-A 

• Refer to System Diagnosis when a result is 
not normal. 

SYSTEM DIAGNOSIS 
• Do the tests listed for your symptom in the 

Symptom Table below. 

• Tests follow the Symptom Table. 

- SYMPTOM TABLE 
SYMPTOM FOR DIAGNOSIS 

Blower Motor oper- Replace Blower 
ates with Blower Switch 
Switch in OFF 

Blower Motor does Do Test C: Blower 
not operate at all Motor Test 

Do Test A: Blower 
Switch Test 

(Continued in next column) 

(Continued from previous column) 

Blower Motor does Do Test A: Blower 
not operate in HI, Switch Test 
but operates in LO Check (ORN) 62 wire 
and/or MED for an open (see 

schematic) 

Blower Motor does Do Test A: Blower 
not operate in LO Switch Test 
and/or MED, but Do Test B: Blower 
operates in HI Resistors Test 

• If your symptom does not appear in the 
Symptom Table, perform all of the tests. 

(Continued on next page) 
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HEATER 

(Continued from previous page) 

A: BLOWER SWITCH TEST 
Measure: VOLTAGE 
At: BLOWER SWITCH CONNECTOR 

(Connected) 
Condition: 

• Ignition Switch: RUN 

Measure Correct For 
Between Voltage Diagnosis 

E (BRN) 
Battery See 1 & Ground 

• Blower Switch: LO 

C (YEL) 
Battery See 2 & Ground 

• Blower Switch: MED 

D (LTBLU) 
Battery See 2 & Ground 

• Blower Switch: HI 

B (ORN) 
Battery See 2 &Ground 

• If all voltages are correct, go to Syrop-
tom Table. 

1. Check BRN (50) wire for an open (see 
schematic). 

2. Replace Blower Switch. 

B: BLOWER RESISTORS TEST 
Measure: VOLTAGE 
At: BLOWER RESISTORS CONNECTOR 

(Disconnected) 
Conditions: 

, • Ignition Switch: RUN 
• Blower Switch: LO 

Measure Correct For 
Between Voltage Diagnosis 

B (YEL)& 
Battery See 1 Ground 

• Blower Switch: MED 

A (LTBLU) Battery See 2 & Ground 

• If all the results are correct, replace the 
Blower Resistors. 

1. Check YEL (51) wire for an open (see 
schematic). 

2. Check LT BLU (72) wire for an open 
(see schematic). 

C: BLOWER MOTOR TEST 
Measure: VOLTAGE 
At: BLOWER MOTOR CONNECTOR 

(Disconnected) 
Conditions: 

• Ignition Switch: RUN 
• Blower Switch: HI 

Measure Correct For 
Between Voltage Diagnosis 

ORN wire Battery See 1 &Ground 

ORN wire & Battery See 2 BLK wire 

• If all the voltages are correct, replace 
Blower Motor. 

1. Go to Test A: Blower Switch Test. If 
Blower Switch is OK, check/repair ORN 
(52) wire for an open (see schematic). 

2. Check/repair BLK (150) wire for an 
open (see schematic). 

CIRCUIT OPERATION 
The Blower Motor delivers air to the inte• 

rior of the vehicle. Its speed is controlled by 
the Blower Switch and the Blower Resistors. 
When the Ignition Switch is in RUN, battery 
voltage is applied to the Blower Switch. With 
the Blower Switch in LO, voltage is applied 
across both Blower Resistors and the Blower 
Motor: the Blower Motor runs at its slowest 
speed. With the Blower Switch in MED, one 
of the Blower Resistors is bypassed: the 
Blower Motor runs faster. When the Blower 
Switch is set to HI, battery voltage is applied 
directly to the Blower Motor: the Blower 
Motor runs at its fastest speed. 
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DEFOGGER 

HOT AT ALL TIMES tlOT IN AUN, BULB TEST OR START 

,-----
1 

I 
I .. ___ _ 

-------------~---------1 FUSE 
PWR ACC GADES FUSE I BLOCK 
ciiicuiT BREAKER ID AMP l --

' ~f~ I 
U AMP . ION ■LOCI( DETAILS I ------------ _________ _, 

(WttT) 

& ORN/BLK I 80 
INTERIOR 

r
~::~:o 
CELL 117 

a GRY 

A DEFOGGER 

C238 .IPN K/lll K I 39 

:/. t I 

SOLID 
---.-----t nATE IIOMENTARY 

~ITCII 

~PANEl 
~itOHT 

~ 

@.~ __ __, 
DN INDICATOR 

& PPL/WH~ ] 293 

C201 

&PPL Juz 
S3Z7 

3 aLK I uz ~t ~ 
SUPPORT 
~ 

BRAIDED ...-C( -
WIRE 

BRAIDED 
1-..RE 

SUPPORT 
:w..-I 
fil!..!!.lliH 

JBLK ~ -

~ !!.!E 

C 

.I BLK 11&0 

JILK ORDUNO 

_ 160 4 ~!~~::unoN 

00 
J> 
I 
0) 
..I 

I 

0 

1? s: 
~ 



DEFOGGER 

TROUBLESHOOTING HINTS 
• Try the following checks before doing the 

System Check. 

1. Check GAGES Fuse by observing the 
BRAKE Warning Indicator, with Ignition 
Switch in RUN, and the Park Brake applied. 

2. Check PWR ACC Circuit Breaker by operat
ing Power Seats (if equipped). 

3. Check that the connections at both LH and 
RH Hatch Support Arms and grounds G322 
and 0200 are clean and tight. 

. 4. If one or more of the grid lines do not heat, 
refer to Body Service Manual (Section 10) for 
repair procedures. 

5. If the symptom involves only the time interval 
that the Defogger operates, replace Defogger 
Control. 

• Go to System Check for a guide to normal 
operation. 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM CHECK 
• Use the System Check Table as a guide to 

normal operation. Refer to the diagnosis 
given if other results occur. (Table must be 
used in the order shown.) 

• Tests follow in System Diagnosis. 

COMPONENT LOCATION Page-Figure 

Fuse Block. . . . . . . . . . . . . . . . . . . . . . Behind LH side of I/P . . . . . . . . . . . . . . . . . . . . . . 201-12-A 
C201 (1 cavity) .................. LH shroud, near upper access hole............ 201-16-B 
C238 (12 cavities) ................ LH shroud, ahead of center access hole......... 201-16-D 
G200 .......................... Behind I/P, on LH side of steering column 

bracket . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201-12-A 
0322 . . . . . . . . . . . . . . . . . . . . . . . . . . On body, near RH hatch support arm 
S327. . . . . . . . . . . . . . . . . . . . . . . . . . . Defogger harness, behind LH side of rear seat 

SYSTEM CHECK TABLE 
ACTION NORMAL RESULT 

1. Turn the Ignition Switch to The Switch button returns to 
RUN and depress Defogger the rest position and the ON 
Switch Indicator, in the center of the 

Defogger Control, lights. 
Defogger grid warms to remove 
fog from the rear window. 
ON Indicator and Defogger 
turn off after approximately 10 
minutes. 

2. Depress Defogger Switch ON Indicator and Defogger 
again turn on. After approximately 6 

minutes, they turn off again. 
3. Depress Defogger Switch ON Indicator and Defogger 

and immediately press turn on, and then turn off. 
switch again 

4. Put Light Switch in HEAD Instrument Panel Light is on. 
or PARK 

• If all the results are normal, the system is OK. 

SYSTEM DIAGNOSIS 
• Do the tests below when directed by the Sys

tem Check. 

FOR DIAGNOSIS 

Do Test A: Defogger Control 
Input Voltage Test. 

Do 'lest B: Defogger Test. 

Replace Defogger Control. 

, Replace Defogger Control. 

Do 'Tust A: Defogger Control 
Input Voltage Test. 

Do Test C: Defogger Control 
Panel Light Test. 

(Continued on next page) 
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DEFOGGER · 

(Continued from previous page) 

A: DEFOGGER CONTROL INPUT 
VOLTAGE TEST (TABLE 1) 

Measure: VOLTAGE 
At: DEFOGGER CONTROL CONNECTOR 

(Disconnected) 
Condition: 

• lanition Switch: RUN 
Measure Correct 

For Diagnosis Between Voltage 

E (PNK/BLK) 
.Battery See 1 

& Ground 

E (PNK/BLK) 
Battery See 2 & C (BLK) 

B (ORN/BLK) 
Battery See3 & Ground 

• If all voltages are correct, go to 'Thble 2. 

1. Check PNK/BLK (39) wire for an open. If 
wire is OK, check GAGES Fuse. 

2. Check the BLK (160) wire for an open. 
Check that connections at ground G200 are 
clean and tight (see schematic). 

3. Check ORN/BLK (60) wire for an open. If 
wire is OK, check PWR ACC Circuit 
Breaker. 

A: DEFOGGER CONTROL INPUT 
VOLTAGE TEST ·(TABLE 2) 

Measure: VOLTAGE 
At: DEFOGGER CONTROL CONNECTOR 

(Connected) 
Conditions: 

• Ignition Switch: RUN 
• Defogger Switch: ON 

(Continued in next column) 

(Continued from previous column) 

Measure Correct For Diagnosis 
Between Voltage 

D (PPL/WHT) 
Battery See 1 

& Ground 

• If voltage is correct, check that the connec-
tions at LH and RH Hatch Support Arms 
and ground G322 are clean and tight (see 
schematic). Check BLK (150) wire for an 
open. 

1. Replace Defogger Control. 

B: DEFOGGER TEST 
With the Ignition Switch in RUN and the De

fogger Switch pressed ON, connect one lead of a 
test lamp to ground. From inside the car, lightly 
touch the other lead to each grid line, and slowly 
move it· along the length of the grid. The bril
liance of the test lamp bulb should increase as the 
test lamp is moved from left (passenger's side) to 
right (driver's side). 

• If test lamp does not light along any of the 
grid lines, check PPL/WHT (293) wire to 
Defogger Control for an open. If OK, do Test 
A. 

• If test lamp bulb shows full brilliance at both 
ends of the grid, check BLK (160) wire for an 
open to ground (see schematic). 

• If test lamp suddenly lights a.s it is moved along 
the grid, a break in the continuity of the grid line 
exists. Refer to the GM Body Service Manual for 
grid line repair procedures. 

C: DEFOGGER CONTROL PANEL 
LIGHT TEST 

Measure: VOLTAGE 
At: DEFOGGER CONTROL CONNECTOR 

(Disconnected) 
Conditions: 

• Ignition Switch: RUN 
• Headlight Switch: PARK 

Measure Correct 
For Diagnosis Between Voltage 

A(GRY)& 
Battery See 1 Ground 

A (GRY) & C 
Battery See2 (BLK) 

• If all voltages are correct, repair/replace 
Panel Light in Defogger Control. 

1. Check GRY (8) wire for an open (see sche-
matic). If the wire is OK, check the INST 
Fuse. 

2. Check BLK (150) wire for an open. If wire 
is OK, check that ground G200 is clean and 
tight (see schematic). 

CIRCUIT OPERATION 
The Defogger operates when voltage is applied 

to the rear window grid wires. The grid wires, 
which are baked into the inside surface during 
the glass formation process, become wann to re
move excess fog from the glass. 

i: 
I 
en ... 
I 

N 

I 
~ 



DEFOGGER 

With the Ignition Switch in RUN, voltage is 
applied to the Defogger Control. When the 
Defogger Control Switch is moved to the ON 
position, voltage is applied to the Defogger 
Timer-Relay. The contact closes, providing 
voltage to the ON Indicator and Defogger. The 
rear window will become warm to remove fog 
from the surf ace of the window. 

The contact in the Defogger Control will stay 
closed until the Defogger Control Switch is 
turned off, or the timer cycle is completed. 

The first time the Defogger Control Switch is 
pushed in, the Timer-Relay will allow the Defog
ger to operate 10 minutes. Thereafter, each time 
the Defogger Control Switch is pushed in, the 
Timer-Relay will allow the Defogger to operate 
for a maximum of 5 minutes. The Timer-Relay 
will reset ·to 10 minutes when the Ignition 
Switch is turned OFF and then back to the 
RUN position, or when the Defogger Control is 
turned off manually. ·· 
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AIR CONDITIONING: ALL SYSTEMS 

SYSTEM CHECK 

• Use the System Check Table as a guide to 
normal operation. All of the checks can be 
performed without the use of tools or dis
assembly of components. 

• Even though one or more checks may not give 
the normal result, complete the entire System 
Check to reveal all symptoms which may 
exist. 

SYSTEM CHECK TABLE 
Air Conditioning: C60 
Engine warm and running at idle. 
Temperature outside car at 60°F (16°C) or higher 

SET A/C EXPECTED REFER TO 
CONTROLS RESULT SECTION: 

OFF Blower is not running 8A-63 Blower Controls 
Fan LO 

Move Temperature Lever Temperature Door hits stop in 8A-66 Air Delivery 
repeatedly back and forth each direction 

HEATER Blower runs at low speed 8A-63 Blower Controls 
(Temperature Lever at COLD) Air at outside temperature flows 8A-65 Air Delivery 

from floor outlets 
Slight air flow at windshield 8A-65 Air Delivery 
outlets 

Move Fan Switch through Ml, Increased air flow at each step 8A-63 Blower Controls 
M2toHI 

Move Temperature Lever to Air flow becomes warm 8A-65 Air Delivery 
HOT 

DEF Warm air flows from windshield SA-66 Air Delivery 
outlets 
Compressor turns on and may 8A-64 Compressor 
cycle ON and OFF Controls 
Engine's speed may increase 6E Driveability and 

Emissions 

VENT Outside air flows from 8A-65 Air Delivery 
Instrument Panel outlets 
Compressor remains OFF 

(System Check Table continued. on facing page) 
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AIR CONDITIONING: ALL SYSTEMS 

(System Check Table continued from facing page) 

SET A/C EXPECTED 
CONTROLS RESULT 

Bl-LEVEL Air flows from Instrument Panel 
Set Temperature Lever to COLD and floor outlets 

Compressor turns ON 

Engine cooling fan may run 
Air flow becomes cold 

NORMAL Air flows from Instrument Panel 
outlets 
Compressor continues to run 

MAX Blower noise increases as 
outside air door closes 

Rotate steering wheel to stop Engine maintains normal idle 
speed 

OFF Blower and Compressor turn 
OFF 

• If all of the above steps can be completed as 
described, C60 Air Conditioning and Heating . 
System Is operating normally. 

REFER TO 
SECTION: 

SA-65 Air Delivery 

SA-64 Compressor 
Controls 
SA-31 Coolant Fans 
SA-64 Compressor 
Controls 

SA-65 Air Delivery 

SA-64 Compressor 
Controls 

SA-65 Air Delivery 

6E Driveability and 
Emissions. 

SA-63 Blower Controls 

SA-64 Compressor 
Controls 
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AIR CONDITIONING: BLOWER CONTROLS 
C60, MANUAL 
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AIR CONDITIONING: BLOWER CONTROLS 
C60, MANUAL 

TROUBLESHOOTING HINTS 
• Try the following checks before doing the Sys

tem Check. 

1. Check HTR-A/C Fuse by visual inspection. 
2. Check that ground G 112 or G 117 is clean and 

tight. 

3. Check that Blower Motor connectors and 
Blower High Speed Relay are mated cor
rectly and firmly seated. 

• Go to the A/C System Check in Section SA-62 
for a guide to normal operation and diagnostic 
references. 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM DIAGNOSIS 
• Do the tests listed for your symptom in the 

Symptom Table below. 

• Tests follow the Symptom Table. 

SYMPTOM TABLE 

SYMPTOM DO TEST 

Blower runs all the Replace Blower 
time (Ignition High Speed Relay 
Switch: OFF) 

Blower runs all the B: Blower High 
time (Ignition Speed Relay Test 
Switch:ON) E:A/CMode 

Selector Test 

Blower will not run A: Blower Motor 
in any mode Test 

E:A/CMode 
Selector Test 

No low speed C: Blower Resistors 
operation Test 

D: Blower Switch 
Test 

(Continued in next column) 

COMPONENT LOCATION 

Blower High Speed Relay. . . . . . . . . . Near Blower Motor, on A/C module .......... . 
Blower Motor . . . . . . . . . . . . . . . . . . . RH front of dash ..................... . .... . 
Blower Resistors (with A/C). . . . . . . . Near Blower Motor, on A/C module .......... . 
Fuse Block .... • .. ; . . . . . . . . . . . . . . Behind LH side of I/P ..................... . 
Fusible Link B (Except VIN S) ..... Lower RH side of engine, at Starter Solenoid ... . 
Fusible Link B (VIN S). . . . . . . . . . . . Lower RH side of engine, at Starter Solenoid ... . 
In-Line Fuse No. 1 ............... Underhood light harness, RH front of dash .... . 
Cl05 (4 cavities) . . . . . . . . . . . . . . . . . RH rear of engine compartment ............. . 
Cl06 (1 cavity). . . . . . . . . . . . . . . . . . . RH rear of engine compartment ............. . 
Cll2 (1 cavity) ................... RH front of dash, above accumulator ......... . 
C202 (1 cavity) . . . . . . . . . . . . . . . . . . Behind center of 1/P, near A/C Control Head ... . 
G 112 (VINE) . . . . . . . . . . . . . . . . . . . Rear of LH cylinder head ................... . 
G 112 (VIN F)(VIN 8) . . . . . . . . . . . . . Rear of LH cylinder head ................... . 
Sll2 ...... , . . . . . . . . . . . . . . . . . . . . In A/C harness, RH rear of engine compartment. 
S115. . . . . . . . . . . . . . . . . . . . . . . . . . . Engine harness, above RH rear corner of engine . 
8123 ........................... Underhood light harness, RH rear of engine 

compartment ........................... . 
Sl85 (VINE). . . . . . . . . . . . . . . . . . . . Engine harness, RH rear of engine compartment 
S185 (VIN F)(VIN 8). . . . . . . . . . . . . . Engine harness, top LH rear of engine .... , ... , 

(Continued from previous column) A: BLOWER MOTOR TEST 
No high speed B: Blower High Measure: VOLTAGE 

Page-Figure 

201-13-B 
201-14-A 
201-13-B 
201-12-A 
201- 3-D 
201- 2-A 
201-13-D 
201- 9-A 
201- 9-A 
201-13-D 
201-15-C 
201- 4-A 
201- 6-C 
201-10-B 
201- 0-B 

201-10-C 
201- 6-A 
201- 6-C 

operation Speed Relay Test At: BLOWER MOTOR CONNECTOR 

D: Blower Switch 
Test 

High speed operation B: Blower High 
only Speed Relay Test 

D: Blower Switch 
Test 

Blower runs in low D: Blower Switch 
speed at Ml or M2 Test 

• If your symptom does not appear in the 
Symptom Table, do all of the tests. 

(Disconnected) 
Conditions: 

• Ignition Switch: RUN 
• A/C Mode: VENT 
• Blower Switch: HI 

Measure Correct 
For Diagnosis 

Between Voltage 

Cl (PPL) & Battery See 1 
Ground 

(Continued on next page) 
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AIR CONDITIONING: BLOWER CONTROLS 
C60, MANUAL 

(Continued from facing page) 

Cl (PPL) & C2 I Battery ·· 1 
(BLK) See 2 

• If voltages are correct but Blower does not 
run, install a new Blower Motor. 

1. Check PPL (65) wire for an open. If.wire is 
good, do Tests B and D. 

2. Check BLK (160) wire for an open and 
that ground G 112 or G 117 is clean ·and 
tight (see schematic). 

B: BLOWER HIGH SPEED RELAY TEST 
(TABLE 1) 

Measure: VOLTAGE 
At: BLOWER HIGH SPEED RELAY 

CONNECTOR (Disconnected) 
Conditions: 

• Ignition Switch: RUN 
• A/C Mode: VENT 
• Blower Switch: HI 

Measure Correct 
For Diagnosis 

Between Voltage 

A(RED)& 
Battery See 1 Ground 

D(ORN)& 
Battery See2 

Ground 

• If voltages are correct, proceed to Table 2 . 

1. Check RED (2) wire for an open back to 
Fusible Link B. 

2. Check ORN (52) wire for an open. If wire is 
good, doTestD. 

B: BLOWER HIGH SPEED RELA V TEST 
(TABLE 2) 

Measure: RESISTANCE 
At: BLOWER HIGH SPEED RELAY 

CONNECTOR (Disconnected) 
Conditions: 

• Ignition Switch: OFF 
• Negative Battery Terminal: 

DISCONNECTED 

Measure Correct 
For Diagnosis 

Between Resistance 

F(BLK)& 0ohms See 1 
Ground 

E(PPL)& Less than :3 
See 2 Ground ohms 

• If voltages in '!'able 1 and resistances in 
'!'able 2 are correct but Blower High Speed 
Relay docs not operate, replace Blower 
High Speed Relay. 

1. Check BLK (150) wire for an open. 

2. Check PPL (65) wire for an open. If wire is 
good, recheck measurements made in 'lest 
A. 

C: BLOWER RESISTORS TEST 
Measure: RESISTANCE 
At: BLOWER RESISTORS 

(Disconnected) 
Condition: 

• Ignition Switch: OFF 

Measure Correct 
For Diagnosis 

Between Resistance 

A&C 1.5 ± 1 ohm See 1 

~ 

(Continued from previous column) I 
C&D 0.7 ± .5 ohm See 1 

D&B 0.2 ± .1 ohm See 1 

• If resistances are correct, Blower Resistors 
are operating normally. Return to Symp-
tom Table. 

1. Install new Blower Resistors. 

D: BLOWER SWITCH TEST (TABLE 1) 
Measure: VOLTAGE 
At: BLOWER RESISTORS CONNECTOR 

(Disconnected) 
Conditions: 

• Ignition Switch: RUN 
• A/C Mode: VENT 
• Blower Switch: LO 

Measure Correct 
For Diagnosis 

Between Voltage 

A(YEL)& 
Battery See 1 

Ground 

C (TAN) & 
0 volts See 2 

Ground 

• Blower Switch: Ml 

C (TAN) & 
Battery See 3 Ground 

D (LT BLU) & 
0 volts See 2 

Ground 

• Blower Switch: M2 

D (LTBLU) & 
Battery See 4 

Ground 

~ 
(Continued in next column) 11 

m 
(D:BLOWERSWITCHTEST(TABLEl) ,~ 

continued on next page) 



AIR CONDITIONING: BLOWER CONTROLS 
C60,MANUAL 

(D: BLOWER.SWITCH TEST (TABLE 1) 
continued from previous page) 

• If no voltage is present at any of the termi- . 
nals, check BRN/WHT (64) wire for an 
open. If wire is good, do Test E. 

• If all voltages are correct, go to Table 2. 

1. Check YEL (51) wire for an open. 

2. Replace Blower Switch. 

3. Check TAN (63) wire for an open. 

4. Check LT BLU (72) wire for an open. 

D: BLOWER SWITCH TEST (TABLE 2) 
Measure: VOLTAGE 
At: BLOWER HIGH SPEED RELAY 

CONNECTOR (Disconnected) 
Conditions: 

• Ignition Switch: RUN 
• A/C Mode: VENT 
• Blower Switch: M2 

Measure Correct 
For Diagnosis 

Between Voltage 

D(ORN)& ·o volts See 1 
Ground 

• Blower Switch: HI 
D(ORN)& 

Battery See2 Ground 

• If voltages are correct, Blower Switch is 
operating normally. Return to Symptom 
Table. 

1. If voltage is present, check ORN (52) wire 
for a wire to wire short to voltage. If wire 
is good, replace Blower Switch. 

2. Check ORN (62) wire for an open. If wire is 
good, replace Blower Switch. 

E: A/C MODE SELECTOR TEST 
Measure: VOLTAGE 
At: A/C CONTROL HEAD CONNECTOR 

(Connected) 
Conditions: 

• Ignition Switch: RUN 
• A/C Mode: OFF 

Measure Correct 
For Diagnosis 

Between Voltage 

E(BRN)& 
Battery See 1 Ground 

D (BRN/ 
WHT)& 0 volts See 2 
Ground 

• AIC Mode in all positions except OFF 

D (BRN/ . 
WHT)& Battery See 3 
Ground 

• If all voltages are correct, A/C Mode Selec-
tor is operating normally. Return to Symp-
tom Table. 

1. Check BRN (50) wire for an open back to 
HTR-A/C Fuse. 

2. Replace A/C Control Head. 

3. If battery voltage is present at terminal E 
but is not present at terminal D, replace 
A/C Control Head. 

CIRCUIT OPERATION 
The Blower Motor speed is controlled , by the 

Blower Switch in the A/C Control Head. With 
the switch in the LO position, all of the Blower 
Resistors are in the circuit with the motor, so 
that it runs slowly. In the Ml and M2 positions, 
the Blower Switch bypasses some of the re
sistors, increasing the motor speed. 

The Blower Motor is fed through the contact of 
the Blower Relay. When the Blower Switeh is in 
the HI position, battery voltage is supplied 
through the ORN wire to the coil of the Blower 
Relay. The relay is energized and its contacts 
supply battery voltage directly to the Blower 
Motor from Fusible Link B. The Blower Motor 
now runs at maximum speed. 

When the Mode Selector is in the OFF posi
tion, no voltage is applied to the Blower Switch 
and Motor so the Blower does not run. In all 
other positions, the Blower will operate as 
described. 
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AIR CONDITIONING: COMPRESSOR CONTROLS 
C60,MANUAL 
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AIR CONDITIONING: COMPRESSOR CONTROLS, V6 VIN S 
C60, MANUAL 
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AIR CONDITIONING: COMPRESSOR CONTROLS, VS VIN F AND VS VIN S 
C60, MANUAL 
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AIR CONDITIONING: COMPRESSOR CONTROLS, VB VIN E 
C60, MANUAL 
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AIR CONDITIONING: COMPRESSOR CONTROLS 
C60, MANUAL 

TROUBLESHOOTING HINTS 

• Try the following checks before doing the 
System Check. 

1. Check HTR-A/C Fuse. 

2. Check that A/C Compressor Clutch con
nector is_ firmly seated. 

3. Check that grounds are clean and tight. 
• Complete the A/C System Check in Section 

SA-62 as a guide to normal operation of the 
entire A/C System and for references to diag
nostic tests. 

• Go to System Diagnosis for diagnostic tests. 
SYSTEM CHECK 
• Use the System Check Table as a guide to 

normal operation. 

SYSTEM CHECK TABLE 
ACTION EXPECTED RESULT 

1. Turn Ignition A click can be heard 
Switch to RUN when clutch engages 
and start engine. 
MoveA/CMode 
Selector to OFF 
then to MAX 

2. Move AJC Mode Verify that clutch 
Selector between engages in MAX 
OFFandMAX position 
several times Clutch plate 

movement can be 
seen on front of 
compressor pulley 
If clutch does not 
engage, proceed to 
step4 
If clutch operates as 
expected,continue 
to step 3 

(SYSTEM CHECK TABLE continued on next 
page) 

COMPONENT LOCATION 

A/C Compressor Clutch (Except VIN 
S) .. ...... .. . ..... . .. . . .. . .. . . Upper RH front of engine ... .. .. .... . . ... .. . 

A/C Compressor Clutch (VIN S) .... Upper LH front of engine . .. .. . ... . ... . . . . .. . 
A/C Compressor Clutch Diode . . . . . . Taped inside A/C Compressor Clutch connector . 
A/C Compressor Control Relay . . . . . LH front of dash, on relay bracket ........ . .. . 
A/C High Pressure Switch (VINE) . . Behind A/C compressor . ...... . . . .... . ..... . 
A/C High Pressure Switch (VIN 

F)(VIN 8) . . . . . . . . . . . . . . . . . . . . . . Behind A/C compressor ... ... . .. .... ..... .. . 
A/C High Pressure Switch (VIN S) . . Behind A/C compressor ..... . . .. ... .... . . .. . 
Electronic Control Module (ECM) . . . Behind RH side of 1/P . .. .. .... .... .. . .. .. . . 
Fuse Block. . . . . . . . . . . . . . . . . . . . . . Behind LH side of 1/P . . .. . . ..... ..... . . .. . . 
Power Steering Switch . . . . . . . . . . . . LH front of engine compartment . . . .... .. ... . 
Pressure Cycling Switch. . . . . . . . . . . RH rear of engine compartment, on accumulator 
ClO0 (46 cavities) ...... . .. .. .... . LH front of dash, below relay bracket . .. ... . .. . 
Cl05 (4 cavities) . . . . . . . . . . . . . . . . . RH rear of engine compartment .... . . .. ..... . 
C202 (1 cavity) . . . . . . . . . . . . . . . . . . Behind center of I/P, near A/C Control Head .. . . 
G 112 (VINE) . . . . . . . . . . . . . . . . . . . Rear of LH cylinder head . .. . .. .. . ... .. .... . . 
G 112 (VIN F)(VIN 8) . .. .... . . . ... Rear of LH cylinder head .... .. ... ... . .. .. .. . 
G 117 (VIN S). . . . . . . . . . . . . . . . . . . . On rear of LH cylinder head .......... . .. . ... . 
G 118 (VINE) .... . . .. . .. ... . . . .. Rear of RH cylinder head .. ......... . ....... . 
G 118 (VIN S). . . . . . . . . . . . . . . . . . . . On rear of RH cylinder head .... .. .... .. .... . 
S113 . .. . .. . . .. .. . .... . . . .. ..... Engine harness, above RH rear corner of engine . 
S115 ... .. ........ . . . .... . ...... Engine harness, above RH rear corner of engine . 
S143 (VINE) ... . . . ... ..... . .. . . . Engine harness, LH rear of engine compartment. 
S143 (VIN F)(VIN 8) .... . ...... . .. Engine harness, RH rear of engine compartment 
S175 (VIN S) ... . .. . . •• ... .. ... . . Engine harness, center rear of engine 

compartment ... . ... . .. . .... ... . ... ... -.. . 
Sl 77. . . . . . . . . . . . . . . . . . . . . . . . . . . Engine harness, RH rear of engine ...... . .... . 
S181 . . . . . . . . . . . . . . . . . . . . . . . . . . . Engine harness, RH rear of engine, near exhaust 

manifold .............. . ................ . 
S185 (VIN F)(VIN 8). . . . . . . . . . . . . . Engine harness, top LH rear of engine ........ . 
S187. . . . . . . . . . . . . . . . . . . . . . . . . . . Engine harness, RH rear of engine compartment 
S204. . . . . . . . . . . . . . . . . . . . . . . . . . . I/P harness, behind RH side of instrument 

cluster . . .............. ..... ....... . .. .. . 
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AIR CONDITIONING: COMPRESSOR CONTROLS 
C60, MANUAL 

(SYSTEM CHECK TABLE continued from 
previous page) 

3. Put A/C Mode Check that air from 
Selector in MAX coolant fan can move 
to engage clutch freely through con-

densor 
Feel the input (cool) 
and output (warm) 
pipes to the com-
pressor 
If there is not a wide 
temperature dif-
f erence after the 
compressor has run 
for several seconds 
see Section 1B for 
refrigerant and com-
pressor diagnosis 

4. Turn off ignition. If refrigerant charge 
Check refrigerant is low, follow pro-
charge according cedures in Section 1B 
to procedures in for refrigerant diag-
Section 1B nosis 

If refrigerant charge 
is normal, isolate 
conditions using the 
procedures which 
follow in System 
Diagnosis 

SYSTEM DIAGNOSIS 
V6VIN S 

• Use the Isolation Tests below to choose the 
proper diagnostic tests. 

• Tests follow the Isolation Tests. 

ISOLATION TEST (TABLE 1) 
Measure: VOLTAGE 
At: A/C COMPRESSOR CONTROL RELAY 

(Disconnected) 
Conditions: 

• Ignition Switch: RUN (Engine need not 
be running) 

• A/C Mode Selector: NORM 
• Temperature Outside Car: Above 60°F 

(16°C) 

Measure Correct For 
l;Jetween Voltage Diagnosis 

Check 
GAGES Fuse 

C(PNK/BLK) 
Battery and (39) wires 

&Ground for an open 

Check DK 

E (DK GRN/WH'f 

GRN/ 
Battery (59) wire for 

WHT)& an open 

Ground If wire is 
good,do 
Test C 

• If voltages are correct, leave A/C Com-
pressor Control Relay disconnected and 
go to Table 2. 

ISOLATION TEST (TABLE 2) 
Connect: FUSED JUMPER 
At: A/C COMPRESSOR CONTROL RELAY 

(Disconnected) 
Conditions: 

• Ignition Switch: RUN (Engine need not 
be running) 

• A/C Mode Selector: NORM 
• Temperature Outside Car: Above 60"F 

11s·c, 
Jumper Correct For 
Between Result Diagnosis 

E (DK 
GRN/ Clutch 

Do Test B WHT) &A engages 
(DK GRN) 

• If result is correct, do Test A . 

(Continued on next page) 

n 
):,, 

~ 
)> 
::0 
0 

00 
)> 

I 
en 
~ 
' U1 



AIR CONDITIONING: COMPRESSOR CONTROLS 
C60,MANUAL 

(Continued from previous page) 
A: ECM COMPRESSOR CONTROL 

TEST (TABLE 1) 
Measure: VOLTAGE 
At: ELECTRONIC CONTROL MODULE (ECM) 

(Disconnected) 
Conditions: 

• Ignition Switch: RUN (Engine not 
running) 

• A/C Mode Selector: NORM 
• A/C Compressor Control Relay: 

CONNECTED 
• Temperature Outside Car: Above so•F 

(16.C) 

Measure Correct For 
Between Voltage Diagnosis 

Cl/88 (DK 
GRN/ Battery See 1 WHT)& 

Ground 

Cl/A2 (LT 
BLU)& Battery See 2 
Ground 

• If voltages are correct, go to Table 2 . 
1. Check for an open in DK GRN/WHT 

(59) wire. 

2. Check for an open in LT BLU (905) 
wire. If wire is good, replace A/C Com-
pressor Control Relay. 

A: ECM COMPRESSOR CONTROL 
TEST (TABLE 2) 

Connect: FUSED JUMPER 
At: ELECTRONIC CONTROL MODULE (ECM) 

(Disconnected) 
Conditions: 

• Ignition Switch: RUN (Engine not 
running) 

• A/C Mode Selector: NORM 
• Temperature Outside Car: Above &o•F 

(1s·cI 
Jumper Correct For 
Between Result Diagnosis 

A/C 

Cl/A2 (LT Compressor 

BLU)& Control Relay 

Ground operates and See 1 
A/CClutch 

engages 

• If result is correct but A/C System does 
not operate under normal conditions, con• 
dition is due to ECM. Refer to Section 6E 
for ECM diagnostics. 

1. Replace A/C Compressor Control Relay. 

oc, 
J> 

I 
CJ) 

B: A/C COMPRESSOR CLUTCH TEST I~ -
Measure: VOLTAGE 
At: A/C COMPRESSOR CLUTCH 

(Disconnected) 
Conditions: 

• Ignition Switch: RUN (Engine not 
running) 

• A/C Mode Selector: NORM 
• Temperature Outside Car: Above &o•F 

11s·c1 

Measure Correct For 
Between Voltage Diagnosis 

B(DK 
GRN)& Battery See 1 
Ground 

B (DK 
GRN) & A Battery · See 2 

(BLK) 

• If voltages are correct but clutch does 
· not engage, replace A/C Compressor 

Clutch. 

1. Check for an open in DK GRN (959) 
wire. 

2. Check for tm open in BLK (150) wire. 
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AIR CONDITIONING: COMPRESSOR CONTROLS 
C60, MANUAL 

C: A/C COMPRESSOR FUNCTION 
CONTROL TEST 

Measure: VOLTAGE 
At: A/C CONTROL HEAD 
Conditions: 

• Ignition Switch: RUN (Engine need not 
be running) 

• A/C Mode Selector: NORM 
• Temperature Outside Car: Above so•F 

(1s·c1 
Measure Correct For 
Between . Voltage Diagnosis 

E (BRN) 
Battery See 1 

&Ground 

C (LTGRN) 
Battery See2 

&Ground 

• If voltages are correct, go to Cl. 
1. Check for open HTR-A/C Fuse or open. 

BRN (50) wire. 

2. Replace A/C Control Head. 
.. 

C 1. Remove the connectors from the Pressure 
Cycling Switch and the A/C High Pressure 
Switch and connect a fused jumper between the 
terminals of the connectors. 
• If switch is open, battery voltage will be 

present at terminal E of the AJC Compressor 
Control Relay when the jumper is connected. 

• If the Pressure Cycling Switch is open, refer 
to Section 1 B to check for normal refrigerant 
charge. If refrigerant charge is normal, 
replace the switch. If refrigerant charge is 
low, follow procedures in Section 1B for 
refrigerant diagnostics. 

• If A/C High Pressure Switch is open, replace 
it. 

• If both switches are good but battery volt
age is not present at the AJC Compressor 
Control Relay, check the wiring between 
switches for an open (see schematic). 

SYSTEM DIAGNOSIS 
va VIN F and va VIN 8 

• Use the lsolatlOJ1 Tests below to choose the 
proper diagnostic tests. 

• Tests follow the Isolation Tests. 

ISOLATION TEST (TABLE 1) 
Measure: VOLTAGE 
At: PRESSURE CYCLING SWITCH 

CONNECTOR (Disconnected) 
Conditions: 

• Ignition Switch: RUN (Engine need not 
be running) 

• A/C Mode Selector: NORM 
• Temperature Outside Car: Above 60°F 

(16°C) 

Measure Correct 
For Diagnosis Between Voltage 

B(LTGRN)& 
Battery DoTestB Ground 

• If voltage is correct, leave Pressure 
Cycling Switch disconnected and go to 
Table 2. 

ISOLATION TEST (TABLE 2) 
Connect: FUSED JUMPER 
At: PRESSURE CYCLING SWITCH 

CONNECTOR (Disconnected) 
Condidons: 

• Ignition Switch: RUN (Engine need not 
be running) 

• A/C Mode Selector: NORM 
• Temperature Outside Car: Above 60°F 

(16°C) 

Jumper 
Correct Result For Diagnosis 

Between 

B(LTGRN)& Clutch DoTestA A(LTBLU) engages 

• If result is correct, refer to S~tion 1B for 
pr~dure to check refrigerant p,;~s$Ul"e . 
If refrigerant pressure is normal, replace 
Pressure Cycling Switch. 
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AIR CONDITIONING: COMPRESSOR CONTROLS 
C60,MANUAL 

(Continued from previous page) 
A: A/C COMPRESSOR CLUTCH TEST 

Measure: VOLTAGE 
At: A/C COMPRESSOR CLUTCH 

(Disconnected) 
Conditions: 

• Ignition Switch: RUN (Engine not 
running) 

• A/C Mode Selector: NORM 
• Temperature Outside Car: Above 60"F 

(16"C) 

Measure Correct For 
Between Voltage Diagnosis 

B (DK GRN) 
Battery See 1 & Ground 

B (DK GRN) 
Battery See 2 & A (BLK) 

• If voltages are correct but clutch does 
not engage, replace A/C Compressor 
Clutch. 

1. Check that A/C High Pressure Switch is 
closed (see schematic). If it is open, re-
place it. Check LT BLU (67) and DK 
GRN (59) wires for opens. 

2. Check BLK (150) wire for an open. Check 
that ground G 112 is clean and tight. 

B: A/C COMPRESSOR FUNCTION 
CONTROL TEST 

Measure: VOLTAGE 
At: A/C CONTROL HEAD 
Conditions: 

• Ignition Switch: RUN 
• A/C Mode Selector: NORM 
• Temperature Outside Car: Above 60"F 

(16"C) 

Measure Correct For 
Between Voltage Diagnosis 

E '(BRN) 
Battery See 1 & Ground 

C (LTGRN) 
Battery See 2 &. Ground 

• If voltages are correct, check for an 
open in LT GRN (66) wire. 

1. Check for opens in HTR-A/C Fuse or 
BRN (50) wire. 

2. Replace A/C Control Head. 

·SYSTEM DIAGNOSIS 
V8VINE 

• Use the Isolation Tests below to choose the 
proper diagnostic tests. 

• Tests follow the Isolation Tests. 

ISOLATION TEST (TABLE 1) 

Measure: VOLTAGE 
At: PRESSURE CYCLING SWITCH 

CONNECTOR (Disconnected) 
Conditions: 

• Ignition Switch: RUN (Engine need not 
be running) 

• A/C Mode Selector: NORM 
• Temperature Outside Car: Above 60°F 

(16°C) 

Measure Correct 
For Diagnosis 

Between Voltage 

B(LTG.RN)& Battery DoTestB 
Ground 

• If voltage is correct, leave Pressure 
Cycling Switch disconnected and go to 
Table 2. 

ISOLATION TEST (TABLE 2) 
Connect: FUSED JUMPER 
At: PRESSURE CYCLING SWITCH 

CONNECTOR (Disconnected) 
Conditions: 

• Ignition Switch: RUN (Engine need not 
be running) 

• A/C Mode Selector: NORM 
• Temperature Outside Car: Above 60°F 

(16°C) 

Jumper 
Correct Result For Diagnosis 

Between 

B(LTGRN)& Clutch 
Do Test A. A(LTBLU) engages 

• If result is correct but A/C Compressor 
Clutch does not engage under normal 
operating conditions, refer to Section 1B 
for procedure to check refrigerant pres-
sure. If refrigerant pressure is normal, 
replace Pressure Cycling Switch 
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AIR CONDITIONING: COMPRESSOR CONTROLS 
C60, MANUAL 

A: A/C COMPRESSOR CLUTCH TEST 
Measure: VOLTAGE 
At: A/C COMPRESSOR CLUTCH 

(Disconnected) 
Conditions: 

• Ignition Switch: RUN (Engine not 
running) 

• A/C Mode Selector: NORM 
• Pressure Cycling Switch: CONNECTED 
• Temperature Outside Car: Above 60°F 

(16°C) 

Measure Correct 
For Diagnosis 

Between Voltage 

B(DKGRN) 
Battery See 1 

&Ground 

B(DKGRN) 
Battery See2 &A(BLK) 

• If voltages are correct but clutch does not 
engage, replace A/C Compressor Clutch. 

1. Check that A/C High Pressure Switch is 
closed (see schematic). If it is open, 
replace it. CheckforopensinLTBLU and 
DK BLU (67) and DK GRN (59) wires. 

2. Check for en open in the BLK {160) wire. 

B: A/C COMPRESSOR FUNCTION 
CONTROL TEST 

Measure: VOLTAGE 
At: A/C CONTROL HEAD 
Conditions: 

• Ignition Switch: RUN 
• A/C Mode Selector: NORM 
• Temperature Outside Car: Above &o•F 

(16°C) 

Measure Correct For 
Between Voltage Diagnosis 

E (BRN) 
Battery See 1 

& Ground 

C (LT GRN) 
Battery See 2 

& Ground 

• If voltages are correct, check for an 
open in LT GRN (66) wire. 

1. Check for opens in HTR-A/C Fuse or 
BRN (50) wire. 

2. Replace A/C Control Head. 

CIRCUIT OPERATION 
The compressor for the air conditioning sys

tem is belt-driven by the engine, through the A/C 
Compressor Clutch. The clutch allows the com• 
pressor to be disengaged, when air conditioning 
is not required, or to remove the air conditioning 
load from the engine when needed. 

Operation of the compressor depends on the 
particular A/C mode selected by the driver. 
When the A/C Mode Selector Switch is in MAX, 
NORM, BI-LEVEL or DEF, battery voltage is 
applied through the HTR-A/C Fuse and A/C 
Control Head Selector Switch to the remaining 
circuits. 

V6VIN S 

For vehicles equipped with the V6 VIN S 
engine, the path to the A/C Compressor Control 
Relay is through the Pressure Cycling Switch 
and the A/C High Pressure Switch, which are 
both normally closed. The Pressure Cycling 
Switch opens when refrigerant pressure drops 
to a point near the level where the evaporator 
may begin to ice. It closes again, when addi
tional cooling is required. This action causes the 
compressor to cycle on and off. The A/C High 
Pressure Switch opens when refrigerant pres
sure is too high for normal operation. 

The A/C Compressor Control Relay is oper
ated by the Electronic Control Module (ECM). 
When the ECM receives the A/CON signal to 
terminal B8, it grounds terminal A2 energizing 
the relay. When the relay is energized, voltage is 
applied to the A/C Compressor Clutch through 
the contact of the relay. If the ECM detennines 
that engine load should be reduced, such as dur
ing full throttle, the A/C Compressor Control 
Relay is de-energized. This removes voltage 
from the A/C Compressor Clutch thus removing 
the A/C load from the engine. 

The Power Steering Switch closes under 
heavy steering loads to signal the ECM to 
increase the engine idle speed. 

· (Continued on next page) 
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AIR CONDITIONING: COMPRESSOR CONTROLS 
C60, MANUAL 

(Continued from previous page) 

VB VIN F and VB VIN 8, VB VIN E 

Voltage from the A/C Control Head is applied 
to the A/C Compressor Clutch through the 
Pressure Cycling Switch and the A/C High 
Pressure Switch. The Pressure Cycling Switch 
is normally closed, but opens when refrigerant 
pressure drops below 200 kPa (29 PSI). It closes 
again when refrigerant pressure rises enough 
that additional cooling is required. This action 
causes the A/C Compressor to cycle on and off, 
so that the evaporator temperature does not 
drop low enough to cause icing. The A/C High 
Pressure Swith opens if refrigerant pressure 
rises enough that overheating of the engine 
may result. 

When voltage is applied to the A/C Com
pressor Clutch, it is also applied to the ECM at 
terminal B8 on connector Cl. The ECM will 
then maintain normal engine idle speed while 
the A/C Compressor Clutch is engaged. 

On vehicles equipped with the VS VIN E 
engine there is a second input to the ECM for 
maintaining normal idle speed from the Power 
Steering Switch. The ECM will maintain or 
increase engine idle speed when the Power 
Steering Switch is closed. 
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AIR CONDITIONING: AIR DELIVERY 
C60, MANUAL 
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AIR CONDITIONING: AIR DELIVERY 
C60,MANUAL 

TROUBLESHOOTING HINTS 
• Try the following checks before doing the 

System Diagnosis . 

1. Check for manifold vacuum to the Vacuum 
Tank at the BLACK hose from the engine 
and at the VIOLET hose to the A/C Control 
Head. 

2. Check operation of Temperature Door by 
moving the Temperature Lever rapidly back 
and forth several times. Listen for the door 
to strike the stop at each end of its travel. If 
the sound indicates that the door is not fully 
closing or opening, check the mechanical 
linkage between the door and the Tem
perature Lever. 

• Go to the A/C System Check In Section 8A-62 
for a guide to normal operation and diagnostic 
references for the entire A/C System. 

• Go to System Diagnosis to isolate air delivery 
conditions. 

SYSTEM DIAGNOSIS 
If air flow does not come from the proper 

outlets under one or more operating modes, 
check the operation of the valves using the fol
lowing chart. 

COMPONENT LOCATION 
Heat-Defrost Vacuum Motor ...... . LH side of plenum ............... . .. . . . . .. . 

Page-Figure 

201-15-C 
Heater Water Valve Vacuum Motor . RH rear of engine compartment, near 

accumulator .... . ...... . ......... . ...... . 201-13-B 
201-16-C Lower Mode Vacuum Motor ....... . Lower LH side of plenum . .... . . .. . .... . .. . . . 

Recirculating/Outside Air Vacuum 
Motor . . . . . . . . . . . . . . . . . . . . . . . . Rear of air intake assembly, behind RH side of I/ 

p . . ... ....... .... . . .. . . .. ... .. .... . . . . . 201-15-C 

201-15-C 
201-15-C 

Temperature Lever Valve . ... .. .. .. Mounted on LH side of A/C Control Head 
Oppel" Mode Vacuum Motor . .. . . ... Upper LH side of plenum . .... .. . .. ..... . .. . . 
Vacuum Line Connector. . . . . . . . . . . Behind center of 1/P, near A/C Control Head .. . . 

AIR DOOR POSITION CHART 

Heat- Upper Lower 
Recircu-

Mode 
Defrost Mode Mode 

lating/ 
Selector Door Door Door 

Outside 
Air Door 

OFF B A A A 

MAX A B B B 

NORM A B B A 

Bl-
B A B A LEVEL 

VENT A B B A 

HEATER B A A A 

DEF A A A A 

The Heater Water Valve is closed only when 
Temperature Lever is in the full COLD position. 

CIRCUIT OPERATION 
The air doors and vents in the Air Condition

ing System are operated by mechanical and 
vacuum controls. There are no electrical cir-

cuits. The functions of the air doors and the 
Evaporator Core are described below. 

Heater Water Valve 

The Heater Water Valve is operated by the 
Heater Water Valve Vacuum Motor. Vacuum is 
applied to the motor only when the Tem
perature Lever is in the full COLD position. The 
valve closes, blocking the flow of hot water to 
the Heater Core. 

When the Temperature Lever is not in COLD, 
vacuum is removed from the motor. The valve 
opens and hot water flows to the Heater Core. 

Temperature Door 

The Temperature Door is controlled by the 
Temperature Lever in the A/C Control Head. 
With the lever in COLD, the door is in the 
COOL position. This prevents air from blowing 
across the Heater Core. With the lever in any 
other position, some or all of the air blows 
across the Heater Core. 

(Continued on next p·age) 
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AIR CONDITIONING: AIR DELIVERY 
C60, MANUAL 

(Continued from previous page) 

Evaporator Core 

All air passing through the A/C module 
moves across the Evaporator Core. When the 
compressor is on, the core cools and . remQves 
moisture from the air. 

Air Doors 

The Recirculating/Outside Air Door, Heat
Defrost Door, Upper Mode Door, and Lower 
Mode Door are moved according to the position 
of the Mode Selector. The Mode Selector con
tains vacuum valves, or switches. These valves 
apply and remove vacuum to vacuum motors 
that move the air doors. 

The Recirculating/Outside Air Vacuum 
Motor has vacuum applied to it when the Mode 
Selector is in the MAX position. In every other 
position, the motor bellows are expand¢, mov
ing the Recirculating/Outside Air Door to posi
tion A. This opens the Outside Air Inlet and lets 
outside air into the A/C module. 

When the Mode Selector is moved to MAX, a 
vacuum is applied to the Recirculating/Outside 
Air Vacuum Motor. The bellows are drawn in 
and the door is moved to position B. Air from 
inside the car is pulled into the A/C module. 

The Upper Mode Door is controlled by the 
Upper Mode Vacuum Motor. The Lower Mode 
Door is controlled by the Lower Mode Vacuum 
Motor. With the Mode Selector in MAX, NOR
MAL, or VENT, vacuum is applied to both 
motors. Each bellows contracts and the Upper 
Mode Door and the Lower Mode Door are 
pulled to position B. Air flows to the Instru
ment CJ•· "<lr Air Outlets. 

When the Mode Selector is moved to BI
LEVEL, vacuum is only applied to the Lower 
Mode Vacuum Motor. The Upper mode Door 
remains in position A and the Lower Mode Door 
is pulled to position B. Part of the air flows to 
the Instrument Panel Air Outlets. The rest of 
the air flows to the Footwell Air Outlets and 
Side Window Air Vents. 

The Heat-Defrost Door is controlled by the 
Heat-Defrost Vacuum Motor. With the Mode 
Selector in OFF, BI-LEVEL or HEATER, vac
uum is applied to the motor. The bellows con
tract and the Heat-Defrost Door is pulled to 
position B. Air flows out the Footwell Air Out
lets. A small amount of air is directed to the 
windshield 

With the Mode Selector in MAX, NORM, 
VENT or DEF, the Heat-Defrost Vacuum 
Motor is vented. The bellows extends and the 
Heat-Defrost Door moves to position A. Air 
passes out to the Windshield Air Outlets. A 
small amount of air is directed to the Footwell 
Air Outlets. 
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WARNINGS AND ALARMS: TONE 
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WARNINGS AND ALARMS: TONE 

TROUBLESHOOTING HINTS 
• Try the following checks before doing the Sys

tem Check. 

1. Check GAGES Fuse by operating Rear 
Defogger and observing indicator light. 

2. Check the STOP/HAZ Fuse by observing 
the Stop Lights. 

3. Check that ground G200 is clean and tight. 

4. If the Fasten Belts Chime Reminder and 
FASTEN BELTS Indicator operate contin
uously, replace Audio Alarm Assembly. 

• Go to System Check for a guide to normal 
operation. 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM CHECK 

• Use the System Check Table as a guide to 
normal operation. 

SYSTEM CHECK TABLE 

ACTION NORMAL RESULT 

Sit in driver's seat Fasten Belts alarm 
and close driver's sounds 
door 

Turn Ignition FASTEN BELTS 
Switch to RUN Indicator lights in 

the Instrument 
Cluster 

Do not buckle Alarm stops and 
seatbelt indicator shuts off 

after 4 to 8 seconds 

Repeat above, but No alarm sounds, 
buckle seatbelt but indicator comes 

on for 4 to 8 seconds 

(Continued in next column) 

COMPONENT LOCATION 

Convenience Center ........ .. . . .. Behind 1/P, to right of steering column ........ . 

Page-Figure 

201-12-A 
201-12-A 
201-13-B 

Fuse Block. . . . . . . . . . . . . . . . . . . . . . Behind LH side of 1/P ........ . ............ . 
Ignition Key Warning Switch ..... . In upper portion of steering column .......... . 
Seatbelt Switch. . . . . . . . . . . . . . . . . . In seatbelt 
C210 (11 cavities) . . . . . . . . . . . . . . . . Lower RH side of steering column, behind 1/P .. . 201-13-A 

201-15-E C317 (1 cavity) .. . .......... . .... . At LH door sill, near LH seatbelt assembly ... . . 
G200 . . . . . . . . . . . . . . . . . . . . . . . . . . Behind 1/P, on LH side of steering column 

bracket . . . . ...... . .... . .............. .. . 201-12-A 

201-12-A 
201t12-A 
201-12-A 
201-12-A 
201-11-A 

S204. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind RH side of instrument 
cluster . ......... . ............. . .... . .. . . 

S205. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind instrument cluster ...... . . . 
S227 . . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, near RH side of Convenience Center 
S229 . .......... . ............... I/P harness, above Convenience Center ....... . 
S236 .. . ... . . · . ... . .. . . . ...... . .. l/P harness, behind LH side of 1/P .. . . : . ... .. . 

(Continued from previous column) 

With Ignition Key In Ignition 
Switch in ACCY, alarm sounds 
LOCK or OFF, and 
the key still in the 
ignition, open LH 
front door 

Remove key from Alarm stops 
ignition 

With key removed Lights-On alarm 
from ignition, turn sounds 
Light Switch to 
PARK 

Turn Light Switch Alarm stops 
OFF 

• Refer to System Diagnosis when a result is not 
normal. 

SYSTEM DIAGNOSIS 
• Do the tests listed for your symptom in the 

Symptom Table below. 

• Tests follow the Symptom Table. 

SYMPTOM TABLE 
SYMPTOM DO TEST 

None of the alarms A: Audio Alarm 
operate Assembly Test 

Only Key In B: Key In Ignition 
Ignition alarm does Input Test 
not operate 

Key In Ignition B: Key In Ignition 
alarm operates when Input Test 
it should not 

Fasten Belts alarm C: Fasten Belts 
does not operate Input Test 

(Continued on next page) 
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WARNINGS AND ALARMS: TONE 

(Continued from previous page) B: KEY IN IGNITION INPUT TEST 

Fasten Belts alarm C: Fasten Belts Connect: TEST LAMP 
operates when Input Test At: CONVENIENCE CENTER 
seatbelt is buckled Conditions: 

FASTEN BELTS D:FASTEN 
Indicator does not BELTS Indicator 
operate, but Fasten Test 
Belts alarm operates 

• Audio Alarm Assembly (Disconnected) 
• Ignition Switch: ACCY. LOCK, or OFF 

(Key In) 
• LH Door: OPEN 

FASTEN BELTS D:FASTEN 
Indicator is always BELTS Indicator 

Connect 
Correct Result For Diagnosis 

Between 

on, but the alarm Test 
operates properly 

B(ORN)&C 
Lamplights See 1 (LTGRN) 

Only Lights-On E: Lights-On Input 
alarm does not Test 

• Ignition Switch: ACCY, LOCK, or OFF 
(Key In) 

operate • LR Front Door: CLOSED 
Only the Lights-On E: Lights-On Input 
alarm operates when Test 
it should not 

B(ORN)&C Lamp does 
See2 (LTGRN) not light 

• Ignition Switch: KEY OUT 
• LR Door: OPEN 

A: AUDIO ALARM ASSEMBLY TEST 
Connect: TEST LAMP 

B(ORN)&C Lamp does See3 (LTGRN) not light 
At: CONVENIENCE CENTER 
Condition: 

• Audio Alarm Assembly (Disconnected) 

Measu~e 
Correct Result For Diagnosis 

Between 

• If all of the test lamp results are correct, 
replace Audio Alarm Assembly. 

1. Check/repair Ignition Key Warning 
Switch, LR Door Jamb Switch, LT GRN 
(80) and TAN (159) wires for opens (see 

B(ORN)& 
Lamplights See 1 Ground 

schematic). 

2. Check/repair LR Door Jamb Switch and 

B(ORN)&G 
Lamplights See2 (BLK) 

TAN (159) wire for shorts to ground (see 
schematic). 

• If all the results are correct and the chime 
functions are not working, replace Audio 
Alarm Assembly. 

3. Check/repair LT G RN (80) wire for a short 
to ground. Replace Ignition Key Warning 
Switch, if LT G RN wire is OK. 

1. Check ORN (140) wire. 
2. Check BLK (160) wire. 

C: FASTEN BELTS INPUT TEST 

Measure: VOLTAGE 
At: CONVENIENCE CENTER 
Conditions: 

• Audio Alarm Assembly (Disconnected) 
• Ignition Switch: RUN 

Connect Correct 
For Diagnosis 

Between Voltage 

E(PNK/BLK) 
Battery See 1 & Ground 

E(PNK/BLK) 
Battery See2 &R(BLK) 

• LR Front Seatbelt: BUCKLED 

E(PNK/BLK) 
0 volts See3 &R(BLK) 

• If above voltages are correct, replace 
Audio Alarm Assembly. 

1. Check PNK/BLK (39) wire for an open. 
2. Check Seatbelt Switch and BLK (238) 

wire for an open (see schematic). 
3. Check BLK (238) wire for a short to 

ground. If wire is OK, replace Seatbelt 
Switch. 

D: FASTEN BELTS INDICATOR TEST 
Connect: FUSED JUMPER 
At: CONVENIENCE CENTER 
Condition: 

• Audio Alarm Assembly (Disconnected) 

Connect 
Correct Result For Diagnosis 

Between 

FASTEN 
B(ORN)&F BELTS 

See 1 (YEL) Indicator 
lights 

(Continued on next page) 

~ 
I 
..... 
(J'I 
I 

N 

i 
~ 



WARNINGS AND ALARMS: TONE 

(Continued from previous page) 

FASTEN 
Remove BELTS See2 Jumper Indicator does 

not light 

• If indicator response was correct, replace 
Audio Alarm Assembly. 

1. Check/repair bulb, YEL (237), BLK (150) 
wires and Instrument Cluster (Printed 
Circuit) for an open. 

2. Check Instrument Cluster (Printed Cir-
cuit) for a short to Battery. 

E: LIGHTS-ON INPUT TEST 
Measure: VOLTAGE 
At: CONVENIENCE CENTER 
Conditions: 

• Audio Alarm Assembly (Disconnected) 
• Ignition Switch: RUN 

Measure Correct 
For Diagnosis 

Between Voltage 

A(BRN)& 0 Volts See 1 Ground 

• Light Switch: PARK or HEAD 

A(BRN)& Battery See 1 Ground 

• If both voltages are correct, replace Audio 
Alarm Assembly. 

1. Check/repair BRN wire. See Section 
SA-117, Interior Lights: Instrument 
Panel Lights, for further diagnosis. 

CIRCUIT OPERATION 
The Warnings and Alarms System sounds a 

tone to bring attention to one or more of several 
conditions. These conditions are: 1) the lights 
are on and the Ignition Switch is not in RUN, 
BULB TEST or START: 2) the ignition key is in 
the Ignition Switch when the driver's door is 
open; and 3) the seatbelt is unbuckled when the 
Ignition Switch is in RUN, BULB 'rEST or 
START. Voltage is applied at all times through 
the STOP/RAZ Fuse to terminal B, to power 
the Solid State Audio Alarm Assembly. 

IGNITION KEY WARNING 

Voltage is applied to the Audio Alarm 
Assembly by the STOP/HAZ Fuse. Whenever 
the key is in the Ignition Switch and the Igni
tion Switch is in LOCK, OFF or ACCY, with the 
driver's door open, terminal C of the module is 
grounded. This sounds the alarm. 

SEATBELT WARNING 

With the Ignition Switch in RUN, BULB 
TEST or START, voltage is applied through 
the GAGES Fuse to the Audio Alarm Assem
bly. With the driver's seatbelt unbuckled, ter
minal H of the module is grounded through the 
Seatbelt Switch. The FASTEN BELTS Indica
tor always goes on for about 5 seconds, when 
the Ignition Switch is set to RUN, BULB 
TEST or START. The Fasten Belts Alarm, 
however, only sounds if the seatbelt is 
unbuckled and the Ignition Switch is in RUN, 
BULB TEST or START. 

LIGHTS-ON WARNING 

When the Light Switch is in HEAD or 
PARK, voltage is applied to the Audio Alarm 
Assembly at the Lights-On Input. When the 
Ignition Switch is in RUN, BULB TEST or 
START voltage is applied to the GAGES 
FUSE and the Audio Alarm Assembly Power 
Input. If voltage is applied only to the Lights
On Input, and not to the Power Input, the alarm 
will sound. The voltage at the Power Input, 
through the GAGES FUSE, cancels the alarm. 
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INSTRUMENT PANEL: GAGES CLUSTER 
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INSTRUMENT PANEL: GAGES CLUSTER 
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INSTRUMENT PANEL: GAGES CLUSTER 
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INSTRUMENT PANEL: GAGES CLUSTER 

TROUBLESHOOTING HINTS 
• Try the following checks before doing the Sys

tem Check. 

1. If none of the gages operate, check GAGES 
Fuse. 

2. Check indicator bulbs. 

3. If more than one indicator or gage is out, 
check wire{s) common to all affected circuits 
and inspect the Instrument Cluster Printed 
Circuit for cracks or flaws. 

4. Check that ground G200 is clean and tight . . 

• Go to System Check for a guide to normal 
operation. 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM CHECK 
• Use the System Check Table as a guide to 

normal operation. Refer to the diagnosis given 
if other results occur. 

• Tests follow In System Diagnosis. 

COMPONENT LOCATION 

Coolant Temperature Sender (VINE) LH side of engine, below valve cover ..... . .... . 
Coolant Temperature Sender (VIN 

F)(VIN 8) .................. .. .. LH side of engine, below valve cover .......... . 
Coolant Temperature Sender (VIN S) LH top front of engine ... . ............ .. ... . 
Fuel Pump/Oil Pressure Sender/ 

Switch (VIN E) . . . . . . . . . . . . . . . . . Lower LH rear of engine ................... . 
Fuel Pump/Oil Pressure Sender/ 

Switch (VIN F)(VIN 8) . . . . . . . . . . . Lower LH side of engine ................... . 
Fuel Pump/Oil Pressure Sender/ 

Switch (VIN S) . . . . . . . . . . . . . . . . . Lower LH side of engine, near oil filter ........ . 
Fuel Tank Unit .................. Top of fuel tank 
Fuse Block. . . . . . . . . . . . . . . . . . . . . . Behind LH side of I/P ..................... . 
Ignition Switch. . . . . . . . . . . . . . . . . . At base of steering column, below 1/P ......... . 
CIOO (46 cavities) ................ LH front of dash, below relay bracket ......... . 
C313 (3 cavities) . . . . . . . . . . . . . . . . . Below car, forward offuel tank .............. . 
G200 .......................... Behind I/P, on LR side of steering column 

bracket ............................ : ... . 
G304 . . . . . . . . . . . . . . . . . . . . . . . . . . On driver's door sill ....................... . 
S204. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind RH side of instrument 

cluster ................................. . 
S205. . . . . . . . . . . . . . . . . . . . . . . . . . . I/P harness, behind instrument cluster .... ; ... . 
S207. . . . . . . . . . . . . . . . . . . . . . . . . . . I/P harness, above Fuse Block . . ............. . 
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INSTRUMENT PANEL: GAGES CLUSTER 

SYSTEM CHECK TABLE 
ACTION NORMAL RESULT 

Tum Ignition Switch to RUN SERVICE ENGINE SOON 
Indicator is on 
FASTEN BELTS Indicator 
will come on for 4 to 5 seconds 

The Audio Alarm will sound if 
the driver's safety belt is 
unbuckled 
Fuel Gage shows current fuel 
level 

With Ignition Switch in RUN, RH and LH Turn Indicators 
operate first the RH Turri Sig- flash 
nal then the LH Turn Signal 

With Ignition Switch in RUN, HI Beam Indicator is on 
tum the Hi Beam Headlights 
on 

With Ignition Switch in RUN, BRAKE Warning Indicator is 
apply the Parking Brake on 

With Ignition Switch in RUN, Instrument Cluster illumina-
turn the Head or Park Lights tion varies with dimmer con-
on and adjust the dimmer con- trol 
trol 

Start engine and let idle Coolant Temperature Gage 
indicates current coolant tern· 
perature 
Oil Pressure Gage indicates 
current oil pressure 
Tachometer indicates engine 
rpm 

Voltmeter indicates charging 
system voltage 

BRAKE Warning Indicator 
lights while cranking 

• If all results are normal, the system is OK. 

FOR DIAGNOSIS 

See Section 6E of the Service 
Manual 

See Warnings and Alarms (see 
Index) 

· See Symptom Table 

See Exterior lights, Section 
SA-110 

See Headlights and Fog 
Lights, Section BA-100 

See Brake Warning System, 
Section BA-41 

See Interior Lights Dimming, 
Section 8A -117 

DoTestF 

DoTestD 

DoTestD 

DoTestG 

See Brake Warning System, 
Section SA-41 

SYSTEM DIAGNOSIS 
• Do the tests listed for your symptom In the 

Symptom Table below, or when directed by 
the System Check. 

• Tests follow the Symptom Table. 

SYMPTOM TABLE 
SYMPTOM FOR DIAGNOSIS 

Fuel Gage reads E Do Test A (also see 
when there is fuel in Test I, terminal 4) 
the tank 

Fuel Gage is Do Test B (also see 
inaccurate Test I, terminal 4) 

Fuel Gage always Do Test C (also see 
indicates F or Test I, terminal 4) 
beyond 

Tachometer does not Do Test D (also see 
operate Test I, terminal 11) 

Oil Pressure Gage is Do Test E (also see 
inaccurate Test I, terminal 13) 

Coolant Check DK GRN (36) 
Temperature Gage wire and Ignition 
does not read hot Switch for an open 
with the Ignition (see schematic) 
Switch in START or Repair/replace as 
BULB TEST, but necessary 
does operate 
properly 

Coolant Do Test F (also see 
Temperature Gage Test J, terminal 7) 
is inaccurate 

Voltmeter is DoTestG 
inaccurate 

(Continued on next page) 
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INSTRUMENT PANEL: GAGES CLUSTER 

(Continued from previous page) 

Speedometer is Check speedometer 
inaccurate or cable, see Section BC 
inoperative 

One or both Replace the 
Odometers do not Speedometer 
operate, but Assembly (see 
Speedometer Section BC) 
operates accurately 

Hi Beam Indicator See Headlights, 
does not operate Section BA-100 (also 
properly see Test J, terminal 

10) 

FASTEN BELTS See Warnings and 
Indicator and alarm Alarms, Section 
do not operate 8A-75 
properly 

BRAKE Warning See Brake Warning 
Indicator does not System, Section 
work properly 8A-41 (also see Test 

J, terminal 14) 

SERVICE See Section 6E of 
ENGINE SOON the Service Manual 
Indicator is always 
on 

SERVICE See Section 6E of 
ENGINE SOON the Service Manual 
Indicator does not 
come on with the 
Ignition Switch in 
RUN (engine not 
running) 

Shift Indicator does DoTestH 
not work properly 

Security Indicator is See Theft Deterrent: 
on Pass key Section 

BA-133 

(Continued in next column) 

(Continued from previous column) 

Turn Indicators do I See Exterior Lights, 
not operate properly Section SA-110 (also 

see Test J and I) 

• If all results are normal, the system is OK. 

A: FUEL GAGE SHORT TEST 
Disconnect the Fuel Tank Unit connector 

C313. Turn the Ignition Switch to RUN (allow 1 
minute for Fuel Gage to respond). 

• If Fuel Gage now indicates full, replace the 
Fuel Gage Sender. 

• If Fuel Gage still indicates empty, check/ 
repair PNK (30) wires for shorts to ground, 
the Instrument Cluster Printed Circuit for 
flaws . and the gages connections. Replace 
the Fuel Gage if PNK (30) wires, Printed 
Circuit and gage connections are OK (see 
Section SC). 

B: FUEL GAGE SENDER TEST 

Disconnect connector C313 and connect one 
red lead of tester J-33431 to terminal B (PNK) 
and the other to terminal A (BLK) of the har
ness half of C313. Set the resistance dials of the 
tester to O ohms and then to 90 ohms. The Fuel 
Gage should read E and then F. Allow 1 minute 
for Fuel Gage to respond. 

• If the gage responds correctly, replace the 
Fuel Gage Sender and its wires. 

• If the gage does not respond correctly, check 
BLK (160) wire and PNK (30) wire to the 
Instrument Cluster for faulty wiring. Also, 
inspect the Printed Circuit for proper mat
ing of the connectors. Replace the Fuel Gage 
if the wire and Printed Circuit are good. 

C: FUEL GAGE OPEN TEST 
Connect: FUSED JUMPER C313 (TERMINAL 

HALF) 
At: FUEL TANK UNIT CONNECTOR 

(Disconnected) 
Condition: 

• Ignition Switch: RUN 

Jumper 
Correct Result For Diagnosis Between 

B(PNK)& Fuel Gage 
Seel Ground readsE 

B(PNK)&A Fuel Gage 
See2 (BLK) readsE 

• If the Fuel Gage indicates correctly both 
times, repair/replace the Fuel Gage 
Sender. 

1. Check/repair PNK (30) wires for opens. 
Check Printed Circuit for flaws and Fuel 
Gage for clean and tight connections. 
Replace Fuel Gage if the above checks are 
OK. 

2. Check/repair BLK (150) wire. 

D: TACHOMETER TEST 
Measure: VOLTAGE 
At: INSTRUMENT CLUSTER CONNECTORS· 

(Disconnected I 
Condition: 

• Ignition Switch: RUN 

Measure Correct 
For Diagnosis Between Voltage 

Cl/lO(PNK/ 
BLK)& Battery See 1 
Ground 

(Continued in next column) 
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INSTRUMENT PANEL: GAGES CLUSTER 

(Continued from previous page) 

Cl/lO(PNK/ 
BLK)&C2/9 Battery See2 

(BLK) 

Cl/11 (WHT) Greater than 
See3 

&Ground 10 volts - - ... 

• If above voltages are correct, replace the 
Tachometer. 

1. Check PNK/BLK (39) wire for an open. 

2. Check BLK (150) wire for an open to 
ground. 

3. Check WHT(121)wireforanopen. If wire 
is OK, see Section 6D for further diag-
nosis. 

E: OIL PRESSURE GAGE TEST 
1. Disconnect the Oil Pressure Sender. Place 

the Ignition Switch in RUN. 

• If the Oil Pressure Gage reads high, go to 
step 2. 

• If the Oil Pressure Gage does not read high, 
check TAN (31) wire for a short to ground, 
the Instrument Cluster Printed Circuit for 
cracks or flaws and gage connections at back 
of cluster. Repair/replace the Oil Pressure 
Gage if above checks are OK. 

2. Jumper TAN (31) wire to ground at the Oil 
Pressure Sender. 

• If the Oil Pressure Gage reads low, repair/ 
replace the Oil Pressure Sender. 

• If the Oil Pressure Gage does not read low, 
check TAN (31) wire for an open, the Instru
ment Cluster Printed Circuit for cracks or 
flaws and gage connections at back of clus
ter. Repair/replace the Oil Pres~ure Gage if 
the above checks are OK (see Section BC). 

F: COOLANT TEMPERATURE GAGE 
TEST 

1. Disconnect the Coolant Temperature Sender 
connector and connect one red lead of tester 
J-33431 to the DK GRN (35) wire and the 
other to a known good ground. Set the 
resistance dials of the tester to 55 ohms. Put 
the Ignition Switch in RUN and observe the 
Coolant Temperature Gage. Allow 1 minute 
for the Fuel Gage to respond. 

• If the gage reads 260°F (hot), go to step 2. 

• If the gage does not read hot, check the DK 
GRN (35) wire, Printed Circuit and gage con
nections for high resistance or an open. If all 
check OK, replace the Coolant Temperature 
Gage (see Section BC). 

2. Set the resistance dials to 1365 ohms. Allow 
1 minute for Fuel Gage to respond. 

• If the gage reads 100 °F (cold), replace the 
Coolant Temperature Sender. 

• If the gage does not read cold, check the DK 
G RN (35) wire and Printed Circuit for a short 
to ground. Check PNK/BLK ~39) wire for an 
open(see schematic). If all check OK, replace 
the Coolant Temperature Gage (see Section 
BC). 

G: VOLTMETER TEST 

With Ignition Switch in RUN, connect a volt
meter between the positive and negative 
terminals of the Battery. 

• If the voltage reading on the test voltmeter 
is approximately the same as the car's volt
meter reading, the car's voltmeter is OK. 

• If the Voltage reading on the test voltmeter 
is not close to the car's voltmeter reading, 
check the Instrument Cluster Printed Cir· 
cuit for cracks or flaws and gage connections 
at back of cluster. If above checks are OK, 
repair/replace the voltmeter. 

H: SHIFT INDICATOR WIRE TEST 
Disconnect ECM connector Cl. Put the Igni

tion Switch in RUN and measure the voltage at 
terminal A 7 (Multi-port Fuel Injection, see Sec· 
tion SA-20). 

• If battery voltage is present, see Section 6E 
for ECM diagnosis. 

• If battery voltage is not present, check the 
TAN/BLK (466) wire for an open. 
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INSTRUMENT PANEL: GAGES CLUSTER 

I: CONNECTOR C1 PINOUT TEST 

• IGNITION SWITCH IN RUN 
. EXCEPT FOR RESISTANCE 
MEASUREMENTS 

• MEASURE ALL RESISTANCES 
TO GROUND WITH THE 
NEGATIVE BATTERY TERMINAL 
DISCONNECTED 

• MEASURE TO GROUND UNLESS 
ANOTHER TERMINAL IS GIVEN 

• CLUSTER CONNECTOR C1 AS 
SEEN FROM THE DRIVER'S 
SEAT WITH THE INSTRUMENT 
CLUSTER REMOVED 

• CONNECTOR C1 IS ON THE 
RIGHT SIDE 

• IF THE CORRECT VOLTAGE OR 
RESISTANCE IS FOUND AT THE 
TERMINALS AND THE CLUSTER 
FUNCTION THAT USES THOSE 
TERMINALS DOES NOT 
OPERATE. CHECK BULBS, 
PRINTED CIRCUIT AND GAGE 
CONNECTIONS. IF OK, REPLACE 
GAGE AT FAULT ISEE SECTION 
SCI 

• IFTHECORRECTVOLTAGEOR 
RESISTANCE IS NOT FOUND AT 
A TERMINAL, DO THE TEST 
GIVEN OR GO TO THE PAGE 
REFERRED 

TACHOMETER. ABOVE 10 VOL TS WITH THE 
IGNITION SWITCH IN RUN AND ENGINE OFF. 

WHT (1211 
RH TURN INDICATOR. FLASHING BATTERY 
VOLTAGE WITH RH TURN SIGNAL ON. . 
SEE SECTION BA-110. 

DK BLU 1161 ·12 
FUEL PUMP/OIL PRESSURE SENDER/SWITCH. 
90 OHMS AT MAXIMUM PRESSURE. 0 OHMS 
WITH NO PRESSURE. 

NOT USED 

I 
I 

I 
I 

~-----------,/ 
NOT USED 

BATTERY VOLTAGE FROM GAGES FUSE. 
HOT IN RUN, BULB TEST OR START. 
SEE SECTION BA-11. 

1 

PNK/BLK {391 2 
SECURITY INDICATOR. SEE SECTION SA-133 

GRYl923J 3 
FUEL GAGE SENDER. RESISTANCE VARIES FROM 0 
OHMS AT EMPTY TO 90 OHMS AT FULL DO TEST 
A,B,ORC. 

PNKl30I 4 

\ 
\ 

BATTERY VOLTAGE FROM GAGES FUSE. HOT IN 
RUN, BULB TEST OR START . 
SEE SECTION BA-11. 
10 PNK/BLK (39) 

VEHICLE SPEED SENSOR BUFFER GROUND. USE 
A SELF-POWERED TEST LAMP TO CHECK. 
SEE SECTION BA-33. 
9 BLK/WHT 14501 

VEHICLE SPEED SENSOR. 
SEE SECTION BA-33. 
8 BRN 14371 

\ 
\ 
\ 
\ 

,.., -=-s""'Hc=1F=T""'1N""D'""1c--A...,T""o,--R,.... --D--o.,,,T=Es""'Tc:-,-,H-. -----. 
SEE SECTION BA-21 FOR SCHEMATIC. 
7 TAN/BLK (4561 

BATTERY VOLTAGE FROM GAGES FUSE. HOT IN 
RUN, BULB TEST OR START. 
SEE SECTION BA-11. 
6 PNK/BLK 1391 

SERVICE ENGINE SOON INDICATOR. THE ECM 
PROVIDES A GROUND WHEN NECESSARY. SEE 
ENGINE CONTROLS. 
5 BRN/WHTl~1il 
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INSTRUMENT PANEL: GAGES CLUSTER 

J: CONNECTOR C2 PINOUT TEST 

• IGNITION SWITCH IN RUN 
EXCEPT FOR RESISTANCE 
MEASUREMENTS 

• MEASURE ALL RESISTANCES 
TO GROUND WITH THE 
NEGATIVE BATTERY CABLE 
DISCONNECTED 

• MEASURE TO GROUND UNLESS 
ANOTHER TERMINAL IS GIVEN 

• CLUSTER CONNECTOR C2 AS 
SEEN FROM THE DRIVER'S 
SEAT WITH THE INSTRUMENT 
CLUSTER REMOVED 

• CONNECTOR C2 IS ON THE 
LEFT SIDE 

• IF THE CORRECT VOLTAGE OR 
RESISTANCE IS FOUND AT THE 
TERMINALS AND THE CLUSTER 
FUNCTION THAT USES THOSE 
TERMINALS DOES NOT 
OPERATE, CHECK BULBS, 
PRINTED CIRCUIT AND GAGE 
CONNECTIONS. IF OK, REPLACE 
GAGE AT FAULT (SEE SECTION 
SCI 

• IFTHECORRECTVOLTAGEOR 
RESISTANCE IS NOT FOUND AT 
A TERMINAL. DO THE TEST 
GIVEN OR GO TO THE PAGE 
REFERRED 

CLUSTER ILLUMINATION. VARIABLE VOLTAGE 
WITH THE LIGHTS ON AND DIMMER RHEOSTAT 
ADJUSTED. 
SEE SECTION SA-117 . 

GRY !81 
CLUSTER ILLUMINATION. VARIABLE VOLTAGE 
WHEN LIGHTS ARE ON AND DIMMER RHEOSTAT 
IS ADJUSTED. 
SEE SECTION SA-117. 

GRY(BI 
BATTERY VOLTAGE FROM GAGES FUSE. 
HOT IN RUN, START AND BULB TEST. 
SEE SECTION SA-11. 

PNK/BLK (391 
BRAKE WARNING INDICATOR. 
GROUNDED WITH PARKING BRAKE ON OR 
BAD BRAKES. INFINITE OHMS WITH 
PARKING BRAKE OFF AND BRAKES OK. 
SEE SECTION SA-41 . 

TAN/WHT (331 14 

f/1/1 

FASTEN BELTS INDICATOR. BATTERY 
VOLTAGE FOR A FEW SECONDS AFTER 
IGNITION SWITCH IS PUT IN RUN, BULB 
TEST OR START. SEE WARNINGS AND 
ALARMS. 

YEL 12371 1 
GROUND TO G200. USE A SELF-POWERED 
TEST LAMP TO CHECK. 
SEE SECTION BA-14. 

BLK (1501 2 
CLUSTER ILLUMINATION. VARIABLE VOLTAGE 
WITH THE LIGHT ON AND DIMMER RHEOSTAT 
ADJUSTED. SEE SECTION BA-117. 

I 
I 

I 
I 

I 
I 

I 
I 

I I GRY(8) 3 j ,_I 
NOT USED 

4 

\ 
\ 
\ 

HI BEAM INDICATOR. BATTERY VOLTAGE WITH HI 
BEAM HEADLIGHTS ON. SEE HEADLIGHTS, 
SECTION SA-100. 
10 LTGRN (111 

GROUND TO G200. USE A SELF-POWERED TEST 
LAMP TO CHECK. SEE SECTION SA-14. 
9 BLK (1601 

LH TURN INDICATOR. FLASHING BATTERY 
VOLTAGE WITH LH TURN SIGNAL ON. 
SEE SECTION SA-110. 
8 LTBLU{141 

\\ COOLANT TEMPERATURE SENDER. 1366 

\ 
OHMS AT 100°F 138°C). 550HMSAT 

\ 
260°F (127°CI. PO TEST F. 

\ 7 DK GRN (351 
NOT USED 
6 

BATTERY VOLTAGE FROM GAGES FUSE. HOT IN 
RUN, START AND BULB TEST. SEE SECTION SA-11. 
5 PNK/BLK 1391 
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INSTRUMENT PANEL: GAGES CLUSTER 

CIRCUIT OPERATION 
See the circuit referred to for the complete 

operation of an indicator and the other compo
nents that work with it. Only the indicators 
that do not appear in other schematics are 
described in this section. 

With the Ignition Switch in RUN, BULB 
TEST or START, voltage is available through 
the GAGES Fuse to all of the indicators in the· 
circuit. 

Fuel Gage 

The pointer of the Fuel Gage is moved by the 
magnetic field of two coils. The coils are at right 
angles to each other. Battery voltage is applied 
to the E coil and the circuit divides at the 
opposite end of this coil. The other path 
grounds through the variable resistor of the 
Fuel Gage Sender. · 

When the tank is low, the resistance of the 
sender is low (0 ohms). A large flow of current 
passes through the E coil and the Fuel Gage 
Sender resistor. This moves the pointer toward 
E on the scalr,. When the tank is full, the 
sender's resistance is high (90 ohms). More cur
rent flows through the F coil, moving the 
pointer toward F on the scale. 

With two coils operating the pointer, the gage 
is not affected by changes in the voltage of the 
system. 

Oil Pressure Gage 

The engine's oil pressure is displayed by the 
Oil Pressure Gage. The pointer of the gage is 
moved by two coils, and its operation is similar 
to that of the Fuel Gage. 

The Oil Pressure Sender is connected to the 
junction of the two coils. It has low resistance 
when the oil pressure is low, and 90 ohms 
resistance when the oil pressure is high. 'fhis 
changing resistance changes the current flow 
through the coils. The magnetic fields of the 
coils move the pointer from L to H. 

Coolant Temperature Gage 

The Coolant Temperature Gage is also oper
ated by two coils. Battery voltage is applied to 
both coils. One is grounded directly and the 
other is grounded through the Coolant Tem
perature Sender. This has 55 ohms resistance at 
260 °F (hot coolant) and its resistance increases 
at lower temperatures. Resistance is approxi
mately 1366 ohms at 100 °F. This causes the 
current flow through the sender and one coil to 
increase as the coolant temperature increases. 
This moves the pointer. 

Voltmeter 

The Voltmeter measures the electrical sys
tem's voltage with the Ignition Switch in RUN, 
BULB TEST or START. With the engine 
stopped, the Voltmeter indicates the Battery's 
condition. With the engine running, the Volt
meter indicates Charging System operation. 

Tachometer 

The Tachometer displays engine speed in 
rpms. Voltage pulses are taken from the Igni
tion System and sent to the Tachometer. Solid 
State circuits process these pulses into a signal 
that drives the pointer of the meter. The 
Tachometer responds to the frequency of the 
voltage pulses. These pulses increase with 
engine speed. The Tachometer Filter rounds off 
the pulses and removes spikes. 

Shift Indicator 

In vehicles equipped with Manual Transmis
sion, an indicator lights when the car should be 
shifted to the next higher gear for better fuel 
economy. Battery voltage is applied to one side 
of the bulb. The other side of the bulb is 
switched to ground by the ECM, which uses 
engine data such as rpm, vehicle speed, and· 
intake vacuum to compute an efficient shift 
point. 
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WIPER/WASHER 
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WIPER/WASHER 

TROUBLESHOOTING HINTS 
· • Try the following checks before doing the Sys

tem Check. 

1. Check WIPER Fuse by visual inspection. 

2. Check that Wiper/Washer Switch connector 
. C240 is correctly mated. 

3. If Washer does not operate, check that: 
- Washer reservoir is filled. 
- Hoses are not pinched or kinked. 
- Hoses are correctly attached. 
- Nozzles are not clogged. 

4. If Wipers cycle in and out of PARK position 
in HI, and do not operate in LO, check the 
YEL (196) wire for an open (see schematic). 

5. If Wipers cycle in and out of PARK position 
in HI, and do not operate in LO or MIST, 
check YEL (196) wire for an open (see sche
matic). 

• Go to System Check for a guide to normal 
operation. 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM CHECK 
• Use the System Check Table as a guide to 

normal operation. 

• Refer to System Diagnosis for a 11st of symp
toms and diagnostic steps. 

COMPONENT LOCATION 

Fuse Block. . . . . . . . . . . . . . . . . . . . . . Behind LH side of I/P 

Page-Figure 

201-12-A 
Washer Motor. . . . . . . . . . . . . . . . . . . LH side of engine compartment, in washer fluid 

reservoir ............................... . 201- 1-A 
201- 8-B 
201- 1-A 
201- 8-B 
201-13-A 
201- 4-A 
201- 6-C 
201- 0-B 
201- 0-B 
201.- 6-A 
201- 6-C 

Wiper Motor Module . . . . . . . . . . . . . Mounted to LI-I front of dash ................ . 
ClO0 (46 cavities) . . . . . . . . . . . . . . . . LH front of dash, below relay bracket ......... . 
C104 (3 cavities) . . . . . . . . . . . . . . . . . LH front of dash, near Wiper Motor Module ... . 
C240 (7 cavities) . . . . . . . . . . . . . . . . . At base of steering column, behind I/P ........ . 
G 112 (VIN E) . . . . . . . . . . . . . . . . . . . Rear of LH cylinder head ................... . 
G 112 (VIN F)(VIN 8) . . . . . . . . . .. . . . Rear of LH cyliQder head ................... . 
G 11 7 (VIN S). . . . . . . . . . . . . . . . . . . . On rear of LH cylinder head ................. . 
Sl 15 . . . . . . . . . . . . . . . . . . . . . . . . . . . Engine harness, above RH rear corner of engine . 
S185 (VINE) .................... Engine harness, RH rear of engine compartment 
S185 (VIN F)(VIN 8) .............. Engine harness, top LH rear of engine ........ . 

SYSTEM CHECK TABLE 

ACTION 
NORMAL 

OPERATION 

Hold Washer Switch Washer sprays the 
ON for one or two windshield as long 
seconds as Washer Switch is 

held ON 

Wipers run at low 
speed and continue 
to run in LO after 
washer cycle is 
completed 

Tum Wiper switch Wipers run 
to LO continuously at low 

speed 

'furn Wiper Switch Wipers run at a 
to HI faster speed 

'furn Wiper Switch Wipers complete 
to OFF sweep at low speed 

and park 

-

• Refer to System Diagnosis when a result is not 
normal. 

SYSTEM DIAGNOSIS 
• Do the tests listed for your symptom in the 

Symptom Table below. 

• Tests follow the Symptom Table. 

SYMPTOM TABLE 
SYMPTOM DO TEST 

Wipers do not A: Wiper/Washer 
operate in any mode Battery Voltage 

Switch Test 

B: Wiper Motor 
Module Input 
Test 

Wipers run in low B: Wiper Motor 
speed only (high Module Input 
speed in operative) Voltage Test 

(Continued on next page) 
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WIPER/WASHER 

(Continued from previous page) 

Wipers will not shut B: Wiper Motor 
off Module Input 

Test 

Wipers run in high B: Wiper Motor 
speed only (low Module Input 
speed inoperative) Test 

Washer will not C: Washer Motor 
operate Voltage Test 

Washer runs B: Wiper Motor 
continuously Module Input 

Test 

A: WIPER/WASHER SWITCH BATTERY 
VOLTAGE TEST 

Measure: VOLTAGE 
At: WIPER/WASHER SWITCH CONNECTOR 

C240 
Condition: 

• Ignition Switch: ACCY 

Measure Correct 
For Diagnosis 

Between Voltage 

B(WHT)& 
Battery See I 

Ground 

• If voltage is correct, do Test B . 
1. Check WIPER Fw~e and WHT (98) wire 

for an open. 

B: WIPER MOTOR MODULE INPUT 
TEST 

Measure: VOLTAGE 
At: WIPER MOTOR MODULE CONNECTORS 

C1 & C2 (Connected) 
Conditions: 

• Ignition Switch: ACCY 
• Wiper Switch: OFF & LO 

Measure Correct 
For Diagnosis 

Between Voltage 

Cl/C(DK 
GRN)& Battery See 1 
Ground 

• Wiper Switch: LO & HI 

Cl/B(GRY)& 
Battery See2 Ground 

• Wiper Switch: HI 

C2/A(PPL)& 
Battery See3 Ground 

C2/A(PPL) & 
Battery See4 C2/C(BLK) 

• Washer Switch: OFF 

Cl/F(PNK)& 
0 volts See6 Ground 

• If all voltages are correct but Wiper 
Motor Module does not operate normally, 
check for continuity between Cl/ A (YE L) 
and C2/B (YEL) of Wiper Motor Module. 
If continuity is bad, repair YEL (196) 
wire. If continuity is good, remove Wiper 
Motor Module for repair. See Section SE 
for repair procedures. 

(Continued in next column) 

(Continued from previous column) 

1. Check DK GRN (95) wire for an open. 
Check that Wiper/Washer Switch connec-
tor C240 is correctly mated. If OK, 
replace Wiper/Washer Switch. 

2. Check GRY (91) wire for an open. Check 
that Wiper/Washer Switch connector 
C240 is correctly mated. If OK, replace 
Wiper/Washer Switch. 

3. Check PPL (92) wire for an open. Check 
that Wiper/Washer Switch connector 
C240 is correctly mated. If OK, replace 
Wiper/Washer Switch. · 

4. Check BLK (150) wire for an open. Check 
that connector Cl04 is properly mated. 

5. Replace Wlper/Washer Switch. 

C: WASHER MOTOR VOLTAGE TEST 
(TABLE 1) 

Measure: VOLTAGE 
At: WASHER MOTOR MODULE 

CONNECTOR C1 (Connected) 
Conditions: 

• Ignition Switch: ACCV 
• Washer Switch: ON 

Measure Correct For Diagnosis 
Between Voltage 

F(PNK)& 
Battery Seel Ground 

• If voltage is correct, go to Table 2 . 
1. Check PNK (94) wire for an open. Check 

that Wiper/Washer Switch connector 
C240 is correctly mated. 
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WIPER/WASHER 

C: WASHER MOTOR VOLTAGE TEST 
(TABLE 2) 

Measure: VOLTAGE 
At: WASHER MOTOR CONNECTORS 

(Disconnected) 
Conditions: 

· • Ignition Switch: ACCY 
• Washer Switch: ON 

Measure Correct 
For Diagnosis 

Between Voltage 

A(RED)& 
Battery See 1 

Ground 

A(RED)&B 
Battery See2 (DKBLU) 

• If both voltages are correct, but Washer 
Motor does not run, replace Washer 
Motor. 

1. Check RED (228) wire for an open. If wire 
is good, check for open in internal wiring 
of Wiper Motor (between terminals F and 
Don connector Cl). 

2. Check DK BLU (227) wire for an open. 

CIRCUIT OPERATION 
LOW SPEED 

When the Wiper Switch is in the LO position, 
battery voltage is applied to the Park Relay 
through the G RY wire. This closes the relay 
contacts and supplies battery voltage to the 
Wiper Motor through the DK G RN and YEL 
wires. The wiper blades run continuously. 
When the Wiper/Washer Switch is turned to 
the OFF position, the Wiper Motor still 
receives battery voltage and runs. A mechan• 
ical arm, riding on a wheel attached to the 
Wiper Motor, keeps the relay contacts closed 
until the wipers park or complete the last 
sweep. After this last sweep, the mechanical 
arm falls into a detent, permitting the relay 
contacts to open. This stops the Wiper Motor 
and the Wiper blades remain in park. 

HIGH SPEED 

With the Wiper Switch in the HI position, 
battery voltage is applied directly to the Wiper 
Motor, at terminal A, without passing through 
the Park Switch contacts. Terminal A is con
nected to a separate Wiper Motor brush for 
high speed operation. ~he Park Switch coil 
remains energized in the HI position because of 
the voltage that is present at the low speed 
Wiper Motor brush when voltage is applied to 
the high speed brush. The current path from the 
low speed brush to the Park Switch coil is com
pleted through the Wiper/Washer Switch. 

WASHER 

When the Washer Switch is pressed ON, bat
tery voltage is applied to the Washer Motor, as 
well as mechanically advancing the Wiper 
Switch to LO. The washer sprays the wind
shield as long as its switch is held ON. The 
wipers must be turned off manually after the 
wash cycle. 

The Wiper Motor is protected by a circuit 
breaker. The circuit breaker will open if the 
wiper blades are blocked by ice on the wind
shield, for example. The circuit breaker resets 
automatically when it cools. 
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WIPER/WASHER: PULSE 
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WIPER/WASHER: PULSE 

TROUBLESHOOTING HINTS 
• Try the following checks before doing the 

System Check. 

1. Check WIPER Fuse by visual inspection. 

2. Check that Wiper/Washer Switch connector 
C240 is mated correctly. 

3. If Washer does not operate, check that: 
-Washer reservoir is filled. 

-Hoses are not pinched or kinked. 

-Hoses are correctly attached. 

-Nozzles are not clogged. 

4. If Wipers cycle in and out of PARK position 
in HI, and do not operate in LO, MIST, or 
PULSE, check the YEL (1961 wire for an 
open (see schematic). 

• Go to System Check for a guide to normal 
operation. 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM CHECK 
• Use the System Check Table as guide to nor

mal operation. 

• Refer to System Diagnosis for a list of symp
toms and diagnostic steps. 

COMPONENT LOCATION Page-Figure 

Fuse Block. ..................... Behind LH side ofl/P . . . . . . . . . . . . . . . . . . . . . . 201-12-A 
Washer Motor ................... LH side of engine compartment, in washer fluid 

reservoir ...................... .. ........ . 
Wiper Motor Module .. . .. . .... : . . Mounted to LH front of dash ................ . 
Cl00 (46 cavities) . . . . . . . . . . . . . . . . LH front of dash, below relay bracket .......... · 
Cl04 (3 cavities) ................. LH front of dash, near Wiper Motor Module ... . 
C240 (7 cavities) : . . . . . . . . . . . . . . . . At base of steering column, behind. 1/P ..•....•. 
Gll2 (VINE) ........... . ....... Rear of LH cylinder head ................... . 
G 112 (VIN F)(VIN 8) • • . . . • . • . . . • . Rear of LH cylinder head ................... . 
G 117 (VIN S) . . . . . . . . . . . . . . . . . . . . On rear of LH cylinder head ................. . 
Sll5 .................. . ........ Engine harness, above RH rear corner of engine. 
S185 (VINE). . . . . . . . . . . . . . . . . . . . Engine harness, RH rear of engine compartment 
Sl85 (VIN F)(VIN 8). . . . . . . . . . . . . . Engine harness, top LH rear of engine ........ . 

201- 1-A 
201- 8-B 
201- 1-A 
201- 8-B 
201-13-A 
201· 4-A 
201- 6-C 
201- 0-B 
201- 0-B 
201- 6-A 
201- 6-C 

(Continued on next page) 
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WIPER/WASHER: PULSE 

(Continued from previous page) 

SYSTEM CHECK TABLE 
ACTION NORMAL OPERATION 

Press Washer Switch ON for a short interval Washer sprays windshield as long as Washer 
(less than one second) - . Switch is held ON 

Washer continues to spray for 2½ seconds after 
switch is released 
Wipers run at low speed and continue for approx-
imately six seconds after wash cycle is completed, 
then return to park 

Turn Wiper Switch to PULSE (delay mode) Wipers make one complete stroke then pause for 
0 to 25 seconds before making the next stroke 
The wait time is adjusted by turning Wiper 
Switch through the delay range 

With Wiper Switch in PULSE, push Washer Washer sprays windshield as long as Washer 
Switch to ON for one or two seconds Switch is held ON 

Wipers run at low speed during spray period and 
continue running for approximately six seconds 
after Washer stops 
Wipers return to pulse operation 

Turn Wiper Switch to LO Wipers run continuously at low speed 

Turn Wiper Switch to HI Wipers run at a faster speed 

Turn Wiper Switch to OFF Wipers return to park position at low speed 

Turn Wiper Switch to MIST and release Wipern make one complete stroke and then park 

SYSTEM DIAGNOSIS 
• Do the tests listed for your symptom In the 

Symptom Table below. 

• Tests follow the Symptom Table. 

SYMPTOM TABLE 
SYMPTOM DO TEST 

Wipers do not A: Wiper/Washer 
operate in any mode Battery Voltage 

Test 
B: Wiper Motor 
Module Input 
Voltage Test 

No delay in PULSE C: Wiper Pulse 
(delay mode) Control Resistance 

Test 
Wipers will not shut B: Wiper Motor 
off Module Input 
Wipers run at high Voltage Test 
speed only (low 
speed operative) 

Washer will not B: Wiper Motor 
operate, but Wipers Module Input 
run Voltage Test 

D: Washer Motor 
Voltage Test 

Wipers run at low B: Wiper Motor 
speed only (high Module Input 
speed inoperative) Voltage Test 
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WIPER/WASHER: PULSE 

A: WIPER/WASHER BATTERY 
VOLTAGE TEST 

Measure: VOLTAGE 
At: WIPER/WASHER SWITCH CONNECTOR 

C240 (Disconnected) 
Condition: 

• Ignition Switch: ACCY 

Measure Correct For 
Between Voltage Diagnosis 

B (WHT) & 
Battery See 1 Ground 

• If voltage is correct return to Symptom 
Table. 

1. Check WIPER Fuse and WHT (93) wire 
for an open. 

B: WIPER MOTOR MODULE INPUT 
VOLTAGE TEST 

Measure: VOLT AGE 
At: WIPER MOTOR MODULE CONNECTORS 

C 1 & C2 (Disconnected) 
Conditions: 

• Ignition Switch: ACCY 
• Wiper Switch: OFF, MIST & LO 

Measure Correct 
For Diagnosis 

Between Voltage 

Cl/C(DK 
GRNl& Battery See 1 
Ground 

Cl/C(DK 
GRN)&C2/C Battery See5 

(BLK) 

(Continued in next column) 

(Continued from previous column) 

• Wiper Switch: MIST, PULSE & LO 

Cl/B(GRY)& 
Battery See2 Ground 

• Wiper Switch: HI 

C2/A(PPL)& 
Battery See3 Ground 

• Wiper Switch: OFF 
• Washer Switch: ON 

Cl/F(PNK)& Battery See4 
Ground 

Cl/B(GRY)& 
Battery See2 Ground 

• Wiper Switch: OFF, LO, & MIST 

Cl/F(PNK)& 
Battery See4 Ground 

• If all voltages are correct but Wiper 
Motor Module does not operate normally, 
check for continuity between Cl/A (YEL) 
and C2/B (YEL) of Wiper Motor Module. 
If continuity is bad, repair YEL (196) 
wire. If continuity is good, remove Wiper 
Motor Module for repair. See Section BE 
for repair procedures. 

1. Check DK GRN (95) wire for an open. If 
wire is OK, replace Wiper/Washer Switch. 

2. Check GRY (91)wireforanopen. If wire is 
OK, replace Wiper/Washer Switch. 

3. Check PPL (92) wire for an open. If wire is 
OK, replace Wiper/Washer Switch. 

4. Check PNK (94) wire for an open. If wire is 
OK, replace Wiper/Washer Switch. 

5. Check BLK (150) wire for an open. 

C: WIPER PULSE CONTROL 
RESISTANCE TEST 

Measure: RESISTANCE 
At: WIPER/WASHER MOTOR MODULE 

CONNECTOR C1 (Disconnected) 
Conditions: 

• Ignition Switch: OFF 
• Negative Battery Terminal: 

DISCONNECTED 
• Wiper Switch: LO 

Measure Correct 
For Diagnosis 

Between Resistance 

B(GRY)&F Approximately 
See 1 (PNK) 24 K ohms 

• Move Wiper Switch through,delay range to 
maximum delay position 

Resistance 
B (GRY)&F increases to 

Se~l (PNK) approximately 
1.2 Megohms 

• If resistances are correct but the Pulse 
Mode <loes not operate, remove the Wiper 
Motor Module for repair. See section SE for 
diagnostic instmctions. 

1. Check PNK (94) and GRY (91) wires for 
opens. If wires are OK, replace the 
Wiper/Washer Switch. 

(Continued on next page) 
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WIPER/WASHER: PULSE 

D: WASHER MOTOR VOLTAGE TEST 

Measure: VOLTAGE 
At: WIPER MOTOR MODULE CONNECTOR 

C 1 (Connected) 
Conditions: 

• Ignition Switch: ACCY 
• Wiper Switch: HI 
• Washer Switch: ON 

Measure Correct 
For Diagnosis 

Between Voltage 

Cl/D(RED)& 
Battery See 1 Ground 

• Wiper Switch: OFF 
• Washer Switch: ON 

Cl/B(GRY)& 
Battery See 1 Ground 

• Washer Switch: ON 

Cl/D(RED)& 
Cl/E (DK Battery See2 

BLU) 

• If all voltages are correct but the Washer 
Motor does not operate, check the wiring 
to the Washer Motor. Replace the Washer 
Motor if wiring is good. 

I. Replace Wiper/Washer Switch. 
2. Check RED (228) wire for a short to 

ground. Replace the Washer Motor if wire 
is good. 

CIRCUIT OPERATION 
In addition to the features of a conventional 

(non-pulse) wiper system (MIST, LO and HI 
speed), the pulse-type windshield wiper/washer 
system includes an operating mode in which the 
Wipers make single strokes with an adjustable 
time interval between strokes. The time inter
val is controlled by a Solid State Timer in the 
Wiper Motor Module. The duration of the delay 
interval is determined by the Pulse Delay 
Resistance in the Wiper/Washer Switch. 

LOW SPEED 

In the LO position of the Wiper/Washer 
Switch, battery voltage is applied to terminals 
C and B of the Wiper Motor Module through 
theDKGRN and GRYwires. The Park Relay is 
energized and battery voltage from terminal C 
is applied through the Park Relay contacts to 
the Wiper Motor which runs continuously at 
low speed. 

HIGH SPEED 

With the Wiper Switch in the HI position, 
battery voltage is supplied directly to the 
Wiper Motor, at terminal A without passing 
through the Park Relay contacts. The input 
(PPL wire) is connected to a separate armature 
brush for high speed operation. 

When turned off from HI, the wipers com
plete the last sweep at low speed and park. To 
do this, the Wiper Motor receives battery volt
age in the OFF position of the Wiper Switch 
through the DK GRN wire to terminal C of Cl. 
The Park Relay is de-energized when the Wiper/ 
Washer Switch is moved to OFF, but the latch 
arm keeps the contacts closed until the wipers 
reach the parked position. 

PULSE OPERATION 

With the Wiper/Washer Switch in Pulse, bat
tery voltage is applied to the Wiper Motor 
Module at terminal B through the GRY wire. 
Voltage is also applied to terminal F, through 
the PNK wire a~d the pulse delay resistor in the 
Wiper/Washer Switch. The battery voltage at 
terminal B energizes the Park Relay which 
closes its contacts. In response to the voltage at 
terminal F, the Solid State Timer momentarily 
closes contact A on the control board. This 
applies battery voltage at terminal B to the 
contacts of the Park Relay, starting the Wiper 
Motor. 

A second mechanical arm (end of sweep input) 
operates contacts at the Control Board, which 
signals the Control Board to open the contacts 
at A when the wipers have completed their 
sweep. Since the Park Switch remains ener
gized, the wipers do not park but remain just 
above the parked position until the Control 
Board closes the contacts at A, which starts 
another sweep. 
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WIPER/WASHER: PULSE 

The length of delay time between sweeps is 
controlled by the variable Pulse Delay resistor. 
The delay is adjustable from zero to 25 seconds. 

The Wiper Motor is protected by a Circuit 
Breaker. If the wipers are obstructed, by snow 
or ice, for example, the circuit breaker will open 
the circuit. The Circuit Breaker resets automat
ically when it cools. 

WASHER 

When the Washer Switch is held ON, battery 
voltage is applied to the Control Board through 
the PNK and GRY wires. The Park Relay is 
energized by battery voltage at terminal B. The 
Control Board turns on the Washer and Wiper 
Motors by closing contacts A and B. If the 
Washer Switch is held ON for less than one 
second the Control Circuit turns on the Washer 
Motor for approximately 2½ seconds. The con
trol board turns the Wiper Motor off approxi
mately six seconds after it interrupts power to 
the Washer Motor. If the Wipers had been in 
PULSE, LO, or HI, they would return to that 
operation after the wash cycle. 

If the Washer Switch is held for more than 1 
second, the voltage on the PNK wire causes the 
Control Board to keep the Washer Motor on 
only as long as the switch is held. The .Wipers · 
also operate at low speed and continue for 
approximately 6 seconds after the Washer 
Switch is released, then they return to the Park 
position. 

MIST 

When the control is moved to MIST and 
released, the wipers make one sweep at low 
speed and return to park. The circuit operation 
is the same as that of LO. 
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HEADLIGHTS 

TROUBLESHOOTING HINTS 
• Try the following checks before doing the 

System Diagnosis. 

1. If Headlights on one side are dimly lit, check 
the ground on that side. 

2. If Hi Beams do not light, but the Hi Beam 
Indicator lights, check LT ORN (11) wire for 
an open. 

3. If one Headlight doesn't work, check the con
nections, Headlight, and wires to the Head
light. 

4. If Headlights do not tum off, replace Light 
Switch. 

• Go to System Diagnosis for diagnostic test. 

SYSTEM DIAGNOSIS 
• If your symptom Is not listed in the following 

table or In the Troubleshooting Hints, do Test 
A. 

• Do the tests listed for your symptom in the 
Symptom Table below. 

• Tests follow the Symptom Table. 

SYMPTOM TABLE 

A. All Headlights are inoperative or inter
mittent. 

B. Lo Beams on both sides are inoperative or 
Hi Beams and Hi Beam Indicator are 
inoperative. 

COMPONENT LOCATION 

Fusible Link A (Except VIN S) .•.•. 

Fusible Link A (VIN S) ........... . 

Headlight Dimmer Switch ........ . 
ClOO (46 cavities) ............... . 
0103 ...... · ................... . 
0104 ......................... . 
0200 ......................... . 

S150 .......................... . 
S201 .......................... . 
S205 .............. .. .......... . 

Lower RH side of engine, at Starter Solenoid ... . 
Lower RH side of engine, at Starter Solenoid ... . 
At base of steering column ... . ............. . 
LH front of dash, below relay bracket ......... . 
Behind LH headlights ..................... . 
Behind RH headlights ..................... . 
Behind 1/P, on LH side of steering column 

bracket ................................ . 
[i'ront lights harness, behind LH headlights .... . 
1/P harness, behind LH side of I/P ........... . 
1/P harness, behind instrument cluster ........ . 

Page-Figure 

201- 3-D 
201- 2-A 
201-13-A 
201- 1-A 
201-10-A 
201-10-A 

201-12-A 
201-10-A 
201-12-A 
201-12-A 

A: ALL HEADLIGHTS ARE 
INOPERATIVE OR INTERMITTENT 
(TABLE 1) 

A: ALL HEADLIGHTS ARE 
INOPERATIVE OR INTERMITTENT 
(TABLE 2) 

Connect: TEST LAMP Connect: FUSED JUMPER 
At: LIGHT SWITCH CONNECTOR At: LIGHT SWITCH CONNECTOR 

(Connected) (Connected) 
Condition: Conditions: 

• Light Switch: HEAD • Put a 15 amp fuse In the fused Jumper 

Connect Correct 
For Diagnosis 

Between Result 
of Incorrect 

Results 

A(RED)& Lamp Seel 
Ground lights 

J(YEL)& Lamp See2 Ground lights 

• Dimmer Switch: LO 

Connect Correct 
For Diagnosis 

Between Result 
of Incorrect 

Results 

A(RED)& Headlights See 1 J(YEL) light 

• Dimmer Switch: HI 

• If both results are correct, go to Test B. 
1. Check Fusible Link A and RED (2) wire for 

A(RED)& Hi Beams 
Seel J(YEL) light 

an open. • If results are correct, replace Light 
2. Go to Table 2. Switch. 

1. Check for short to ground in wiring to 
Headlights. 

(Continued on next page) 
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HEADLIGHTS 

(Cont~ued from previoua page) 

B: LO BEAMS ON BOTH SIDES ARE 
INOPERATIVE OR HI BEAMS AND HI 
BEAM INDICATOR ARE 
INOPERATIVE 

Connect: TEST LAMP 
At: DIMMER SWITCH CONNECTOR 

(Connected) 
Conditions: 

• Ught Switch: HEAD 
• Dimmer Switch: LO 

Connect Correct 
For Diagnosis 

Between Re1ult of Incorrect 
Reaulta 

C(YEL)& Lamp Seel Ground lights 

D(TAN)& Lamp 
See2 Ground lights 

• Dimmer Switch: HI 
B(LTGRN) Lamp 

See2 &Ground lights 

• If all results are con-ect, check wiring to 
lights for opens 

1. Check YEL (10) wire for an open. 

2. Replace Dimmer Switch. 

CIRCUIT OPERATION 
Voltage is applied to the Light Switch at all 

times. The Light Switch includes a self-reset
ting circuit breaker. The circuit breaker opens 
when the Headlight circuit draws too much cur
rent. When the circuit breaker opens, it inter
rupts the current flow. With no current flow, 
the circuit breaker cools off and resets automat• 
ically. When the Light Switch is in HEAD, the 
Dimmer Switch directs voltage to either the Lo 
Beams or the Hi Beams. The Hi Beam Indicator 
also receives voltage along with the Hi Beams. 
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FOG LIGHTS 
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FOG LIGHTS 

TROUBLESHOOTING HINTS 

• Try the following checks before doing the 
System Check. 

1. If one Fog Light doesn't work, check the 
connections, Fog Light, and wiring to the 
Fog Light (see schematic). 

2. If Fog Light Indicator does not light but Fog . 
Lights work, check bulb, ground, and wiring 
(see schematic). 

3. If Fog Lights tum on when Park Lights are 
off and don't go off when Hi Beams are on, 
replace Fog Light Relay. 

• Go to System Check for a guide to normal 
operation. 

• Go to System Diagnosis for diagnostic test. 

SYSTEM CHECK 
• Use the System Check Table as a guide to 

normal operation. 

• Refer to System Diagnosis for a list of symp
toms and diagnostic steps. 

SYSTEM CHECK TABLE 
ACTION NORMAL RESULT 

With Light Switch Fog Lights do not 
OFF, turn Fog light 
Light Switch ON 

Turn Light Switch to Fog Lights and Fog 
PARK Light Indicator 

light 

Tum Light Switch to Fog Lights go off 
HEAD ~d Dimmer 
Switch to HI 

• Refer to System Diagnosis when a result Is 
not normal. 

COMPONENT LOCATION 

Fog Light Relay . . . . . . . . . . . . . . . . . Upper LH front corner of engine compartment .. 
Fuse Block. . . . . . . . . . . . . . . . . . . . . . Behind LH side of 1/P ..................... . 
Fusible Link A (Except VIN S) . . . . . Lower RH side of engine, at Starter Solenoid ... . 
Fusible Link A (VIN S) ............ Lower RH side of engine, at Starter Solenoid ... . 
Fusible Link H . . . . . . . . . . . . . . . . . . Upper LH front comer of engine compartment, 

at Fog Light Relay ... .. ................. . . 
Headlight Dimmer Switch .... •. . . . . At base of steering column ......... . ... . ... . 
ClOO (46 cavities) . . . . . . . . . . . . . . . . LH front of dash, below relay bracket ......... . 
G 103 . . . . . . . . . . . . . . . . . . . . . . . . . . Behind LH headlights ..................... . 
G 104 . . . . . . . . . . . . . . . . . . . . . . . . . . Behind RH headlights ..................... . 
0200 . . . . . . . . . . . . . . . . . . . . . . . . . . Behind 1/P, on LH side of steering column 

bracket ................................ . 
S103. . . . . . . . . . . . . . . . . . . . . . . . . . . Front lights harness, behind LH headlights .... . 
S125. . . . . . . . . . . . . . . . . . . . . . . . . . . Front lights harness, behind LH headlights .... . 
S126. . . . . . . . . . . . . . . . . . . . . . . . . . . Front lights harness, behind RH headlights ... . 
S150. . . . . . . . . . . . . . . . . . . . . . . . . . . Front lights harness, behind LH headlights .... . 
S201. . . . . . . . . . . . . . . . . . . . . . . . . . . I/P harness, behind LH side of 1/P ........... . 
S205. . . . . . . . . . . . . . . . . . . . . . . . . . . I/P harness, behind instrument cluster ........ . 
S207. . . . . . . . . . . . . . . . . . . . . . . . . . . I/P harness, above Fuse Block ............... . 

SYSTEM DIAGNOSIS 
• Diagnostic steps for the symptoms listed in 

the following table are listed after the table. 

SYMPTOM TABLE 

A. Fog Llghts and Fog Light Indicator are 
inoperative (Headlights and Park Lights 
work properly) 

B. Fog Lights are inoperative; Fog Light 
Indicator works 

Page-Figure 
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FOG LIGHTS . 

A: FOG LIGHTS AND FOG LIGHT 
INDICATOR ARE INOPERATIVE 
(TABLE 1) 

Connect: TEST LAMP 
At: FOG LIGHT RELAY CONNECTOR 

(Disconnected) 
Condition: 

• Light Switch: PARK 
Connect Correct For 
Between Result Dlagnosfs 

5(BRN)& Lamp 
See 1 Ground lights 

4(RUST)& Lamp 
See2 Ground lights 

4(RUST)& Lamp 
See3 2(LTGRN) li,thts 

• If all results are correct, go to Table 2. 

1. Check BRN (9) wire for an open. 

2. Check Fusible Link H and RED (2) wire 
for an open. 

3. Check LT GRN (11) wire for an open. 

A: FOG LIGHTS AND FOG LIGHT 
INDICATOR ARE INOPERATIVE 
(TABLE 2) 

Connect: FUSED JUMPER 
At: FOG LIOHT RELAY CONNECTOR 

(Disconnected) 
Condition: 

• Fog Light Switch: ON 

Connect Correct For 
Between Result Diagnosis 

4(RUST)& Fog Lights 
Seel l(BRN) light 

(Continued in next column) 

(Continued from previous columnl 

• If Fog Lights light, replace Fog Light 
Relay. 

1. Check Fog Light Switch and BRN (909) 
wire for an open (see schematic). 

B: FOG LIGHTS ARE INOPERATIVE, 
FOG LIGHT INDICATOR WORKS 

Connect: TEST LAMP 
At: FOG LIGHT SWITCH CONNECTOR 

(Connected) 
Conditions: 

• Light Switch: PARK 
• Fog Light Switch: ON 
Connect Correct For 
Between Result Diagnosis 

A(PPL)& Lamp See 1 
Ground lights 

• If test lamp lights, check PPL (34) wire for 
an open. 

1. Replace Fog Light Switch. 

CIRCUIT OPERATION 
Voltage is applied to terminal 4 of the Fog 

Light Relay at all times. With the Light Switch 
in PARK or HEAD, voltage is applied to termi
nal 6 of the relay. If the Hi Beam Headlights are 
not on, the relay coil is grounded through the Hi 
Beam Headlights. The relay energizes and 
applies voltage to the Fog Light Switch. With 
the Fog Light Switch ON, voltage is applied to 
the Fog Lights and Fog Light Indicator. With 
the Hi Beams on, battery voltage is applied to 
both sides of the relay coil. The relay de-ener-

. gizes and turns off the Fog Lights. 
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EXTERIOR LIGHTS: TURN/STOP/HAZARD/PARK/FRONT MARKER 
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EXTERIOR LIGHTS: TAIL/REAR MARKER/LICENSE 

HOT AT ALL TIMES 
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EXTERIOR LIGHTS: HIGH LEVEL STOP LIGHT 

HOT AT ALL TIMES 
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EXTERIOR LIGHTS 

TROUBLESHOOTING HINTS 
• Try the following checks before doing the 

System Diagnosis. 

TURN LIGHTS 

1. Check the TURN-B/U Fuse by operating 
Back Up Lights. . . 

2. If the Turn Indicator and Front Tum Light 
on one side are inoperative, check connection 
at connector C210, then replace the Turn
Hazard Switch as necessary. 

3. If only some of the Turn Lights work but all 
Hazard Lights work, replace the Tum-Haz
ard Switch. 

4. If the Turn Lights stay on (do not flash) in 
both TURN LEFT and TURN RIGHT, re
place the Turn Flasher. 

5. If only one light does not light, check bulb, 
socket and related wiring (see schematic). 

STOP LIGHTS 

1. Check the STOP/RAZ Fuse by operating 
Hazard Lights. 

2. If no Stop Lights work, check the Brake 
Switch and ORN (140) wire for continuity (see 
schematic). 

3. If the Stop Lights do not turn off, adjust/re
place the Brake Switch as necessary. 

4. If only _one light does not light, check bulb, 
socket and related wiring (see schematic). 

HAZARD LIGHTS 

1. Check the STOP/RAZ Fuse by operating 
the Stop Lights. 

2. If only some Hazard Lights work but all of the 
Turn Lights work, replace the Turn-Hazard 
Switch. 

3. If Hazard Lights do not turn off, replace the 
Turn Hazard Switch 

COMPONENT LOCATION Page-Figure 

Brake Switch .................. . . Top of_ brake pedal support . . . . . . . . . . . . . . . . . . 201- 8-C 
Convenience Center ............ . . Behind I/P, to right ofsteering column....... . . 201-12-A 
Fuse Block. .................... . 
Hatch Contact Assembly ......... . 

Behind LH side ofl/P . . . . . . . . . . . . . . . . . . . . . . 201-12-A 
Rear of car, top center of end panel 

Turn Flasher ................... . Behind 1/P, clipped to RH side of steering column 
bracket ................................ . 

'furn/Hazard Switch ............. . Top of steering column ..................... . 
Cl00 (46 cavities) ............... . LH front of dash, below relay bracket ..... .. .. . 
C206 (8 cavities) ................ . LH rear corner of cargo compartment ........ . 
C210 (11 cavities) ........ . ...... . Lower RH side of steering column, behind 1/P .. . 
C309 (5 cavities) ..... · ........... . Behind center of rear end panel, in cargo 

compartment ............... . .... . ...... . 
Gl03 ......................... . Behind LH headlights ..................... . 
G104 ......................... . Behind RH headlights ..................... . 
G200 ......................... . Behind 1/P, on LH side of steering column 

bracket ................................ . 
G303 .......................... Center of rear end panel, in cargo compartment .. 
S105 ........................... Front lights harness, behind LH headlights .... . 
S106 ........................... Front lights harness, base of LH wheelhouse ... . 
S109. . . . . . . . . . . . . . . . . . . . . . . . . . . Front lights harness, behind RH headlights ... . 
S117 . . . . . . . . . . . . . . . . . . . . . . . . . . . Front lights harness, behind RH headlights ... . 
S206. . . . . . . . . . . . . . . . . . . . . . . . . . . I/P harness, behind instrument cluster ........ . 
S227. . . . . . . . . . . . . . . . . . . . . . . . . . . I/P harness, near RH side of Convenience Center 
S236. . . . . . . . . . . . . . . . . . . . . . . . . . . I/P harness, behind LH side of 1/P ........... . 
S307. . . . . . . . . . . . . . . . . . . . . . . . . . . Rear lights harness, in LH rear corner of cargo 

compartment ........................... . 
S308. . . . . . . . . . . . . . . . . . . . . . . . . . . Rear lights harness, near LH turn signal ...... . 
S311 ........................... Rear lights harness, near RH turn signal ...... . 
S312 ........................... Rear lights harness, LH center of end panel. ... . 

201-12-A 
201-13-B 
201- 1-A 
201-16-C 
201-13-A 

201-16-A 
201-10-A 
201-10-A 

201-12-A 
201-17-A 
201-10-A 
201-10-A 
201-10-A 
201-10-A 
201-12-A . 
201-12-A 
201-11-A 

201-17-A 
201-17-B 
201-17-B 
201-17-A 

4. If Hazard Lights stay on (do not flash), re
place Hazard Flasher. 

PARK/MARKER/TAIL/LICENSE LIGHTS 

2. If Front Marker and Park Lights do not work, 
check connection at connector Cl00 and re
lated wiring (see schematic). 

I. If none of the Park, Marker or Tail Lights 
work, check TAIL Fuse Light Switch, ORN 
(240) and BRN (9) wires for continuity 

3. If the Park Lights do not turn off, replace the 
Light Switch. 

• Go to System Diagnosis for diagnostics 
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EXTERIOR LIGHTS 

SYSTEM DIAGNOSIS 
• Do the tests listed for your symptom in the 

Symptom Table below. 

• Tests follow the Symptom Table. 

SYMPTOM TABLE 
SYMPTOM FOR DIAGNOSIS 

Tum Lights do not Do Test A: Tum 
work, but Hazard Lights Test 
Lights do 

Hazard Lights do Do Test B: Hazard 
not operate, but the Lights Test 
Stop Lights do 

Stop Lights do not Do Test C: Stop 
work, but the Turn , Lights Test 
Signals do 

Stop Lights, on one Do Test C: Stop 
or both sides, do not Lights Test 
work 

A: TURN LIGHTS TEST 

Connect: TEST LAMP 
At: CONNECTOR C210 (Connected) 
Condition: 

• Ignition Switch: RUN 

Connect 
Corre¢ Result For Diagnosis 

Between 

L(PPL)& 
Lamplights See 1 Ground 

• If the test lamp lights, replace the Turn-
Hazard Switch. 

1. Check the Turn Flasher and PPL (16) wire 
for an open. 

B: HAZARD LIGHTS TEST (TABLE 1) 
Connect: FUSl:;D JUMPER 
At: HAZARD FLASHER CONNECTOR 

(Disconnected) 
Condition: 

• Hazard Switch: HAZARD 

Jumper 
Correct Result For Diagnosis 

Between 

AORN(140)& All Turn 
Seel BBRN(27) Lights turn on 

• If result is correct, replace Hazard Flasher. 

1. Go to Thble 2. 

B: HAZARD LIGHTS TEST (TABLE 2) 

Measure: VOLTAGE 
At: Connector C210 (Disconnected) 
Condition: 

• Hazard Aasher: Connected 

Measure Correct 
For Diagnosis 

Between Voltage 

K(BRN) & 
Battery See 1 

Ground 

• If voltage is correct, replace the Turn-Haz.. 
ard Switch. 

1. Check ORN (140) and BRN (27) wires for 
opens. 

C: STOP LIGHTS TEST 
Connect: TEST LAMP 
At: CONNECTOR C206 (Disconnected) 
Condition: 

• Brake Pedal: DEPRESSED 

(Continued in next column) 

(Continued from previous column) 

Connect 
Correct Result For Diagnosis 

Between 

B (LT BLU) & 
Lamp lights See 1 

Ground 

E(YEL)& 
Lamplights See 2 

Ground 

• If the results are correct, check bulbs, 
sockets and related wiring for opens. 

1. Check the Brake Switch, LT BLU (20) and 
ORN (140) wires for continuity. 
Repair/replace as necessary. 

2. Check the Brake Switch, YEL (820) and 
ORN (140) wires for continuity. Repair/re-
place as necessary. 

CIRCUIT OPERATION 
TURN LIGHTS 

With the Ignition Switch in RUN, BULB 
TEST, or START, voltage is applied through the 
TURN-B/U Fuse and Turn Flasher to the 
normally closed contact of the Hazard Flasher 
switch in the Tum-Hazard Switch. 

With the Turn-Hazard Switch in the TURN 
LEFT position, voltage is applied to both the LH 
Turn Indicator and the LH Front Park/Turn 
Light (LT BLU wires). Voltage is also applied to 
the LH Rear Turn Light (YEL wire). The lights 
go on immediately. They begin to flash when the 
current flow heats up the timing element in the 
Turn Flasher and it repeatedly opens and closes 
the circuit. 

(Continued on next page) 
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EXTERIOR LIGHTS 

(Continued from previous page) 

The voltage applied to the LH Front Park/ 
Turn Light will also be applied to the LH Front 
Marker Light. If the switch is in the OFF posi
tion, the LH Front. Mark~r Light will find a path 
to ground through splice S105 and the many 
lights connected in parallel to ground. These 
lights provide low resistance paths to ground. 
The Marker Light will flash with the Turn 
Lights. The lights used for the ground path will 
not flash however, since the voltage drop across 
the Marker Light is much higher than that 
across the other lights. 

When the Light Switch is in either PARK or 
HEAD, voltage is applied through the TAIL 
Fuse, Light Switch, and SI05 to the Marker and 
Park Lights. If the Turn-Hazard Switch is in 
TURN LEFT, the LH Front Marker Light will 
have voltage at both connections and will go out. 
When the Turn Flasher stops voltage to the Turn 
Light, the Marker Light will be grounded 
through the Turn Light and will go on. In this 
way, the LH Front Marker Light will flash on 
when the LH Front Parkfl'urn Light goes off, 
and off when the Turn Light goes on. 

With the Turn-Hazard switch in TURN 
RIGHT, voltage is applied to the RH Lights in a 
similar way. 

STOPLIGHTS 

Voltage is applied at all times through the 
STOP/HAZ Fuse to the Brake Switch. When 
the brake pedal is depressed, the contacts in the 
Brake Switch close. Voltage is applied to the 
LH and RH Tail/Stop Lights and the Stop 
Lights go on. 

HAZARD LIGHTS 

Voltage is applied at all times through the 
STOP/HAZ Fuse and the Hazard Flasher to the 
normally open contact of the hazard switch in the 
Turn-Hazard Switch. With the hazard switch in 
HAZARD, voltage is applied to both Front and 
Rear Turn Lights. All of the Turn Lights and 
both Turn Indicators flash on and off. 

The Front Marker Lights flash in HAZARD 
just as they did in TURN RIGHT and TURN 
LEFT. If the L,ight Switch is in OFF, they flash 
on when the Hazard Lights are on. If the Light 
Switch is in either PARK or HEAD, they flash 
on when the Hazard Lights are off, and off when 
the Hazard Lights are on. 

In HAZARD, the turn circuit is always open, 
and the Hazard Flasher controls the lights. 

PARK/MARKER/TAIL/LICENSE LIGHTS 

Voltage is applied through the TAIL Fuse to 
the Light Switch at all times. With the Light 
Switch in PARK or HEAD, voltage is applied to 
the Tail, Marker, and License Lights. 
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BACK UP LIGHTS 
AUTOMATIC AND.MANUAL TRANSMISSIONS 

, 

HOT IN RUN, BULB TEST OR START 
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BACK UP LIGHTS 

TROUBLESHOOTING HINTS 

• Try the following checks before doing the 
System Check. 

1. Check TURN-B/U Fuse by operating Turn 
Signals. 

2. If only one Back Up Light does not operate, 
check bulb, socket and related wiring. 

3. If Back Up Lights go on and off in the wrong 
gear, adjust Gear Selector Switch (automatic 
transmission) or Back Up Switch (manual 
transmission). 

• Go to System Check for a guide to normal 
operation. 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM CHECK 

• Use the System Check Tabla aa a guide to 
normal operation. 

• Refer to System Diagnosis for a list of symp
toms and diagnostic ateps. 

SYSTEM CHECK TABLE 
ACTION NORMAL RESULT 

Put Ignition Back Up Lights are 
Switch in RUN and off 
Gear Shift Lever in P 
(PARK)orN 
(NEUTRAL) 
Put Gear Shift Lever Back Up Lights turn 
in R (REVERSE) on 
Put Gear Shift Lever Back Up Lights go 
in N (NEUTRAL) out 

COMPONENT LOCATION 

Back Up Switch . . . . . . . . . . . . . . . . . On LH side of transmission ................. . 
Fuse Block. . . . . . . . . . . . . . . . . . . . . . Behind LH side of 1/P ..................... . 
Gear Selector Switch . . . . . . . . . . . . . In console at gear selector .................. . 
Turn Flasher . . . . . . . . . . . . . . . . . . . . Behind I/P, clipped to RH side of steering column 

bracket ................................ . 
Cl00 (46 cavities) ................ LH front of dash, below relay bracket ......... . 
C206 (8 cavities) . . . . . . . . . . . . . . . . . LH rear corner of cargo compartment ........ . 
G303 . . . . . . . . . • • . . . . . . . . . . . . . . . Center of rear end panel, in cargo compartment .. 
S308 ........................... Rear lights harness, near LH turn signal ...... . 
S311 . . . . . . . . . . . . . . . . . . . . . . . . . . . Rear lights harness, near RH turn signal ...... . 
S312. . . . . . . . . . . . . . . . . . . . . . . . . . . Rear lights harness, LH center of end panel. ... . 

Page-Figure 

201- 9-C 
201-12-A 
201- ,9-C 

201-12-A 
201•. l•A 
201-16-C 
201-17-A 
201-17-B 
201-17-B 
201-17-A 

• Refer to System Diagnosis when a result Is 
not normal. 

A: BACKUPLIGHTSDONOT 
OPERATE 

SYSTEM DIAGNOSIS 
• Diagnostic steps for the symptoms Hated In 

the following table are listed after the table. 

SYMPTOM TABLE 
A: Back Up Lights do not operate 
B: Back Up Lights light in PARK and/or 

NEUTRAL 

Connect: TEST LAMP 
At: GEAR SELECTOR SWITCH CONNECTOR 

BACK UP SWITCH CONNECTOR 
(Disconnected) 

Condition: 
• Ignition Switch: RUN 

Connect Correct 
For Diagnosis 

Between Result 
of Incorrect 

Results 

DKBLUwire 
&Ground Lamplights Seel 

(see schematic) 

DKBLUwire 
&LTGRN 

Lamplights See2 
wire 

(see schematic) 

(Continued on next page) 
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BACK UP LIGHTS 

(Continued from previous page) 

• If the results are correct, adjust/replace 
suspect Switch. 

1. CbeckT{!RN-B/UFuseandDKBLU(76) 
wire for an open. 

2. Check LT GRN (24) and BLK (160) wires 
for~open. 

B: BACK UP LIGHTS LIGHT IN PARK 
AND/OR NEUTRAL 

Disconnect the connector from Gear Selector 
Switch/Back Up Switch. 

• If Back Up Lights go out, adjust/replace 
Gear Selector Switch/Back Up Switch. 

• If Back Up Lights do not go out, check for a 
short to voltage in LT GRN (24) wire. · 

CIRCUIT OPERATION 
With the Ignition Switch in RUN, BULB 

TEST or START, voltage is applied through 
the TURN•B/U Fuse to the Gear Selector 
Switch (automatic transmission) or to the Back 
Up Switch (manual transmission). Whenever 
the Gear Selector Lever is shifted to RE• 
VERSE, the Gear Selector Switch closes and 
voltage is applied to the Back Up Lights. 
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CIGAR LIGHTER AND INTERIOR LIGHTS: MAP/DOME AND COURTESY 
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INTERIOR LIGHTS: UNDERHOOD 

TROUBLESHOOTING HINTS 
• Try the following checks. 

1. Check the ACC Fuse by operating the Cigar 
Lighter. 

2. If Courtesy Lights do not operate with only 
one door open, check WHT (156) wire and 
suspect Door Jamb Switch for continuity. 
Repair/replace as necessary. 

8. If Dome or Map Lights do not operate with 
any door open but the LH and RH Courtesy 
Lights do, check the connection at connector 
C214 and related wiring for an open (see 
schematic). 

4. If the Dome and Courtesy Lights do not turn 
off, check the Light Switch, LH and RH 
Door Jamb Switches and WHT ( 156) wire for 
a short to ground. Repair/replace as neces
sary. 

5. If only the Cigar Lighter does not work, 
check ORN (40) and BLK (160) wires for 
opens. Replace the Cigar Lighter if the wires 
are OK. 

6 . . If only one light does not light, ·check bulb, 
socket and related wiring (see schematic). 

CIRCUIT OPERATION 
Voltage is applied at all times through the 

ACC Fuse to the components in the circuit. The 
Cigar Lighter and the Map Lights each use 
separate switches. The LH. and RH Courtesy 
Lights, Dome Light and Map Lights . can be 
operated by providing a ground through the 
Light Switch to ground G200 o.i:_t}µ:ough any 
Door Jamb Switch to ground. 

COMPONENT LOCATION Page-Figure 

Fuse Block ...................... Behind LH side of 1/P . . . . . . . . . . . . . . . . . . • . . . 201·12·A 
C214 (2 cavities) ................. LH shroud, near center access hole. . . . . . . . . . . . 201-12-A 
G200 . . . . . . . . . . . . . . . . . . . . . . . . . . Behind 1/P, on LH side ofsteering column 

bracket . . . . . . . . . . . . . . . . . . . . . . . . . . . • . . . . . 201-12-A 
G302 . . . . . . . . . . . . . . . . . . . . . . . . . . Under headliner, near dome light 
8203. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind RH side of instrument 

cluster ................................. . 
S205 ........................... I/P harness, behind instrument cluster ........ . 
8229 ....... . ................... l/P harness, above Convenience Center ...... . . 
S301. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind LH side of 1/P ........... . 
S401. .......................... Dome lamp harness, under headliner 
S402. . . . . . . . . . . . . . . . . . . . . . . . . . . Dome lamp harness, under headliner 

201·12-A 
201·12-A 
201·12-A 
201-12·A 
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INTERIOR LIGHTS: UNDERHOOD 
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INTERIOR LIGHTS: CARGO COMPARTMENT 

TROUBLESHOOTING HINTS 
• Try the following checks. 

1. Check Fusible Link B. 

2. Check In-Line Fuse No. 1. 

3. Check that ground G 115 is clean and tight. 

CIRCUIT OPERATION 
Voltage is applied at all times through Fusi

ble Link B and In-Line Fuse No. 1 to the Under· 
hood Light. When the switch is closed, voltage 
is applied to the bulb to illuminate the engine 
compartment. 

COMPONENT LOCATION 
Fusible Link B (Except VIN S) . . . . . Lower RH side of engine, at Starter Solenoid ... . 
Fusible Link B (VIN S) ... , . . . . . . . . Lower RH side of engine, at Starter Solenoid ... . 
In-Line Fuse No. 1 . . . . . . . . . . . . . . . Underhood light harness, RH front of dash .... . 
Cl06 (1 cavity). . . . . . . . . . . . . . . . . . . RH rear ofengine compartment ............. . 
G 115 . . . . . . . . . . . . . . . . . . . . . . . . . . In RH rear of engine compartment ...... . .... ~ 
S123. . . . . . . . . . . . . . . . . . . . . . . . . . . Underhood light harness, RH rear of engine 

compartment ......•............ , ....... . 

Page-Figure 

201· 3-D 
201· 2-A 
201·13-D 
201- 9-A 
201· 2-A 

201-10-C 
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INTERIOR LIGHTS: CARGO COMPARTMENT 

HATCH PULL-DOWN/ 
HATCH RE LEAS.I: 
AND PULL-DOWN 
CELL 134 

.8 BLK 1142 

S300 .8BLK 

HOT AT ALL TIMES 

,--
1 

I 
I 
L-

------, FUSE 
I:!! I BLOCK 
FUSE I 
iiii, I 
------.J 

I RED/WHT I 131 

H~9!! eiiii ____________ _... 

1-::~::·'" 

~EE ~ROUNf< 
· DISTRIBUTION 
:, ClL~· ,t . ;,~,,: 

.8 BLKtNHT I 142 

\' I CARDO 
COMPARTMENT 
LIGHT 

.8BLKl1&0 

►-----:J·: --------, 
Ao303 -=-

142 

r----, 
I 
I 
I 
I 
I 

142 138 

HATCH CLOSED 
IWITCH 

----------------, HATCH RELEASE 
LATCHED I . 1 : ro 

"' t PULL-DOWN 
I ASffiiiIV 

SHIIATCHPULL-IIDWN/1-
UNLATCHED I I t HATCH RELEASE AND 

PULL·DOWN 
HATCH NDT CELL 134 
FULLY CLDIED 

HATCH FULLY 
CLOSED 

L----------~-----------~---------------------

t 
I ... ... 
~ 
' .s:,. 

i 



INTERIOR LIGHTS: CARGO COMPARTMENT 

TROUBLESHOOTING HINTS 
• Try the following checks if the Cargo Com

partment Light does not go on and the bulb Is 
good. 

1. If the Hatch Pull-Down operates correctly, 
the LID Fuse, RED/WHT (138) wire and 
0303 are functioning correctly. · 

2. If the Hatch Release and Pull-Down Assem
bly does not function correctly, repair/ 
replace it before repairing Cargo Compart
ment Light (see Section SA-184). 

3. If the Cargo Compartment Light lights with 
the Release Switch held closed (when 
equipped with interior hatch release) the 
BLKJWHT (142) and BLK (150) wires, the 
light and 0303 are functioning correctly. 

SYSTEM CHECK 
The table below may be used to check hatch 
operation. 

SYSTEM CHECK TABLE 
CONDITION NORMAL RESULT 

Hatch released Cargo Compartment 
Light comes on as 
soon as hatch starts 
to release and stays 
on while hatch is 
open. 

Hatch closing Cargo Compartment 
Light remains on 
until the hatch is 
fully closed. When 
the hatch is closed 
the Cargo 
Compartment Light 
turns off end 
remains off. 

COMPONENT LOCATION 
Fuse Block ..................... . Behind LH side of 1/P ................. , ... . 

Page-Figure 

201-12-A 
Hatch Release and Pulldown 

Assembly .................... . Center of rear end panel, in cargo compartment .. 201-17-A 
201-16-C 
201-17-A 
201-17-A 
201-17-A 

C206 (8 cavities) ................ . LH rear corner of cargo compartment ........ . 
0303 ................... · ...... . Center of rear end panel, in cargo compartment .. 
S306., ........................ . Rear lights harness, LH cel)ter of end panel . .' .. . 
S312 .......................... . Rear lights harness, LH center of end panel .... . 

SYSTEM DIAGNOSIS 
Select a sympLom from the table below, then 
follow the diagnosis. 

SYSTEM CHECK TABLE 
SYMPTOM DIAGNOSIS 

Cargo Light will not Check for short from 
turn off battery to BLK and 

BLK/WHT (142) 
wires. 

Cargo Light will not Check for battery 
turn on voltage at pin C of 

the Hatch Release 
and Pull-Down 
Assembly with the 
hatch open. If there 
is no voltage at pin 
C, repair/replace the 
Hatch Release and 
Pull-Down 
Assembly. If 
voltage is present 
check the BLK and. 
BLK/WHT (142) and 
BLK (150) wires for 
an open. 

CIRCUIT OPERATION 
Battery voltage is supplied through the LID 

Fuse and the RED/WHT (138) wires to pin D of 
the Hatch Release and Pull-Down Assembly. 
When the hatch is released, using the key at the 
rear panel, the Latch Switch moves to the 
''unlatched" position. Battery voltage is then 
applied through the Pull-Down Assembly con
nector pin C to the 142 circuit and the Cargo 
Compartment Light. When the latch assembly 
has extended at least 5mm upward the Hatch 
Closed Switch closes and both switches supply 
voltage to the light. 

If the vehicle is equipped with interior hatch 
release, the Cargo Compartment Light will be 
on when the release switch is de1>ressed. After 
the release switch is released and the hatch is 
moving upward the Hatch Closed Switch will 
supply voltage to the light. With the hatch fully 
open the Latch Switch moves to the 
''unlatched" position and both switches supply . 
_voltage to the light. 

(Continued on next page) 
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INTERIOR LIGHTS: CARGO COMPARTMENT 

(Continued from previous page) 

When the hatch is pushed down and the 
Latch Switch moves to the "latched" position 
the pull-down operation starts. 'rhe Hatch 
Closed Switch continues to supply yoltageto 
the light until the hatch is 5mm from being fully 
closed. With the hatch fully closed no battery 
voltage is supplied to the Cargo Compartment 
Light. 
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INTERIOR LIGHTS DIMMING 

HOT AT ALL TIMES 
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INTERIOR LIGHTS DIMMING 

TROUBLESHOOTING HINTS 

• Try the following checks before doing the Sys
tem Diagnosis. 

1. If no Interior Lights work: 

• Check 'f AIL Fuse, ORN (240) wire and Light 
Switch by observing the Park Lights (see 
schematic). 

• Check INST LPS Fuse. 

2. If a group of Interior Lights does not come 
on, check the wires to the suspect lights (see 
schematic). 

3. If a single Interior Light does not come on, 
check the bulb socket and related wires. 

4. If Dimmer Switch will not vary the brilliance 
of Interior Lights, replace Light Switch. 

5. If Interior Lights will not turn off, replace 
Light Switch. 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM DIAGNOSIS 
• Do the tests below If If the Interior Lights do 

not operate properly. 

COMPONENT LOCATION Page-Figure 

Fuse Block ...................... Behind LH side of 1/P . . . . . . . . . . . . . . . . . . . . . . 201-12-A 
G200 . . . . . . . . . . . . . . . . . . . . . . . . . . Behind 1/P, on LH side of steering column 

bracket ............... , ................ , 201-12-A 
201-12-A 
201-11-A 
201-12-A 

S205. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind instrument cluster ........ . 
S207. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, above Fuse Block ....... . ....... . 
S229. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, above Convenience Center ....... . 
S230. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind RH side of instrument 

cluster., .. , ............................ . 201-12-A 

LIGHT SWITCH TEST 
Connect: TEST LAMP 
At: LIGHT SWITCH CONNECTOR 

(Connected) 
Conditions: 

• Light Switch: PARK 
• Dimmer Switch: HI 

Connect For Diagnosis 

Between 
Correct Result Of Incorrect 

Results 

C(DKGRN) 
Lamplights See 1 &Ground 

• If above results are correct, check DK 
GRN (44) wire, INSTLPS Fuse and GRY 
(8) wire for opens (see schematic). 

1. Replace the Light Switch. 

CIRCUIT OPERATION 
Vollage is applied at all times through the 

TA IL Fuse to the Light Switch. With the Light 
Switch in the PARK or HEAD position, volt
age is applied through the INST LPS Fuse to 
the individual lights. 

A rheostat inside the Instrument Cluster 
Dimmer Switch controls the brightness of the 
lights. When the Dimmer Switch is turned, the 
resistance of the rheostat either increases or 
decreases, thus increasing or decreasing the 
brightness of the Interior Lights. 
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POWER WINDOWS 

TROUBLESHOOTING HINTS 
• Try the following check before doing the Sys-

tem Check. 

If both Power Windows do not operate, check 
the WDO Circuit Breaker. 

• Go to System Check for a guide to normal 
operation. 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM CHECK 
• Use the System Check Table as a guide to 

normal operation. 

• Refer to System Diagnosis for a 11st of symp
toms and diagnostic steps. 

SYSTEM CHECK TABLE 
ACTION NORMAL RESULT 

With the Ignition Each window 
Switch in RUN, operates quietly and 
operate each window smoothly, with no 
from the individual sticking 
Window Switches 

• Refer to System Diagnosis when a result Is not 
normal. 

COMPONENT LOCATION Page-Figure 

Fuse Block. ..................... Behind LH side of 1/P . . . . . . . . . . . . . . . . . . . . . . 201-12-A 
Window Motor .................. Near front of each door, behind panels......... 201-16-A 
C238 (12 cavities) ................ LH shroud, ahead of center access hole .... ,.... 201-15-D 
G309 •........... , .......... , .. In console, rear of console trim plate. . . . . . . . . . • 201-18-E 
S233 ....... , . . . . . . . . . . . . . . . . . . . Power window control harness, in console below 

trim plate .................... , ..•.. ,.... 201-18-E 

SYSTEM DIAGNOSIS 
• Do the tests below If one or both Power Win

dows do not operate. 

A: WINDOW POWER AND GROUND 
TEST 

Connect: TEST LAMP 
At: SUSPECT POWER WINDOW SWITCH 

CONNECTOR (Connected) 
Condition: 

• Ignition Switch: RUN 

Connect 
For Diagnosis 

Between 
Correct Result Of Incorrect 

Results 

D(PNK)& Lamplights See 1 Ground 

D(PNK)&B Lamplights See2 (BLK) 

• If all of the above results are correct, go to 
Test B: Power Window Switch Test. 

1, Check PNK (76) wire for an open (see ache-
matic). 

2. Check BLK (160) wire for an open to 
ground (see schematic). 

B: POWER WINDOW SWITCH TEST 
Connect: TEST LAMP 
At: POWER WINDOW SWITCH CONNECTOR 

(Connected) 
Conditions: 

• Ignition Switch: RUN 
• Operate Associated Switch Up and 

Down 

Connect 
For Diagnosis 

Between 
Correct Result Of Incorrect 

Results 

• For RH Power Window Switch measure-
ments 

A(TAN)&C Lamplights See 1 (L'rBLU) 

• For LH Power Window Switch measure-
ments 

A(BRNl&C Lamplights See 1 (DKBLU) 

• If above result is correct, go to Test C: 
Window Motor Test. 

l, Replace Power Winqow Switch. 
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POWER WINDOWS 

(Continued from previous page) 

C: WINDOW MOTOR TEST 
Connect: TEST LAMP 
At: WINDOW MOTOR CONNECTOR 

(Disconnected) 
Conditions: 

• Ignition Switch: RUN 
• Operate Associated Switch Up and 

Down 

Connect 
For Diagnosis 

Between 
Correct Result Of Incorrect 

Results 

• For RH Power Window Motor measure-
ments 

A(LTBLU)& Lamplights See 1 B (TAN) 

• For LH Power Window Motor measure-
ments 

B(DKBLU)& 
Lamplights See2 A(BRN) 

• If above result is correct, replace Window 
Motor. 

1. Check LT BLU (166) and TAN (167) wires 
for an open. 

2. Check DK BLU (164) and BRN (166) wires 
for opens. 

CIRCUIT OPERATION 
The Power Windows are driven by reversible 

permanent magnet motors. Each motor is con
trolled by a switch with two sets of contacts 
that are normally closed to ground. With the 
Power Window Switch in the UP position, one 
set of contacts is closed, applying battery volt
age to the Power Window Motor. The remain
ing set of contacts remains closed, providing a 
path to ground and completing the circuit. 
With the Power Window Switch in the DN posi
tion, the functions of the switches are reversed 
and the motor runs in the opposite direction. 
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POWER DOOR LOCKS 

HOT AT ALL TIMl"S HOT AT ALL TIMES 
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POWER DOOR LOCKS 

TROUBLESHOOTING HINTS 
• Try the following checks before doing the 

System Check. 

1. Check the PWR ACC Circuit Breaker by 
operating Defogger. 

2. Check ACC Fuse by opening a door and 
noting that the Courtesy Lights . come on. 

3. Check the Door Lock Relay Assembly for a 
clean and tight ground. 

• Go to System Check for a guide to normal 
operation. 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM CHECK 
• Use the System Check Table as a guide to 

normal operation. 

• Refer to System Diagnosis for a list of symp
toms and diagnostic steps. 

COMPONENT LOCATION 

Door Lock Motor ............... . In each respective door, behind panels ........ . 

Page-Figure 

201-16-A 
201-16-D 
201-12-A 
201-16-D 

Door Lock Relay Assembly ....... . LH shroud in lower access hole .............. . 
Fuse Block ..................... . Behind LH side of 1/P ..................... . 
C238 (12 cavities) ............. . . . LH shroud, ahead of center access hole ........ . 
S203 .......................... . 1/P harness, behind RH side of instrument 

cluster ................................. . 201-12-A 

SYSTEM CHECK TABLE 
ACTION NORMAL RESULT 

Operate LH Front All doors lock and 
Door Lock Switch unlock 

Repeat step one for All doors lock and 
RH Front Door Lock unlock 
Switch 

• Refer to System Diagnosis when a result is 
not normal. 

SYSTEM DIAGNOSIS 
• Do the tests listed for your symptom in the 

Symptom Table below. 

• Tests follow the Symptom Table. 

SYMPTOM TABLE 
SYMPTOM FOR DIAGNOSIS 

Only some doors lock Do Test A: Door Lock 
and unlock Motor Test 

Power Door Locks op- Do Test B: Door Lock 
erate from one switch Switch Test 
only 

Power Door L9Cks do Do Test C: Door Lock 
not operate from both Relay Test 
Door Lock Switches 

(Continued on next page) 
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POWER DOOR LOCKS 

(Continued from previous page) B: DOOR LOCK SWITCH TEST 

A: DOOR LOCK MOTOR TEST 
Measure: VOLTAGE 
At: DOOR LOCK SWITCH CONNECTOR 

Measure: VOLTAGE (Connected) 
At: MOTOR CONNECTOR (Disconnected) 
Condition: 

• LH Door Lock Switch: UNLOCK (hold) 

Measure Correct For 
Between Voltage Diagnosis 

Measure Correct For 
Between Voltage Diagnosis 

B(ORN)& 
Battery See 1 Ground 

A (TAN) 
Battery See 1 & Ground 

• Door Lock Switch: LOCK (hold) 

LTBLU & 

A (TAN) & 
Battery See 2 B (GRY) 

• If voltages are correct, replace the Door 
Lock Motor. 

Ground (see Battery See 2 
schematic) 

• Door Lock Switch: UNLOCK (hold) 

BLK & 

1. Check TAN (294) wire for an open (see 
schematic). 

Ground (see Battery See 2 
schematic) 

2. Check GRY (295) wire for an open (see 
schematic). 

• If voltages are correct, check LT BLU 
(195) wire and BLK (194) wires for opens 
(see schematic). 

1. Check ORN (40) wire for an open (see 
schematic). 

2. Replace Door Lock Switch. 

C: DOOR LOCK RELAY TEST 
(TABLE 1) 

Measure: VOLTAGE 
At: DOOR LOCK RELAY CONNECTOR C2 

(Connected) 
Condition: 

Door Lock Switch: LOCK (hold) 

Measure Correct For 
Between Voltage Diagnosis 

B(LTBLU)& 
Battery See 1 Ground 

• Door Lock Switch: UNLOCK (hold) 

A(BLK)& 
Battery See 2 Ground 

• If voltages are correct, proceed to Table 2 . 
1. Check LT BLU (195) wire for an open (see 

schematic). 

2. Check BLK (194) wire for an open (see 
schematic). 
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POWER DOOR LOCKS 

C: DOOR LOCK RELAY TEST 
(TABLE 2) 

Measure: VOLTAGE 
At: DOOR LOCK RELAY CONNECTOR C1 

Measure Correct For 
Between Voltage Diagnosis 

A (ORN/BLK) 
Battery See 1 & Ground 

• Door Lock Switch: LOCK (hold) 

C (GRY) 
Battery See 2 & Ground 

• Door Lock Switch: UNLOCK (hold) 

B (TAN) 
Battery See 2 & Ground 

• If voltages are correct, check GRY (295) 
and TAN (294) wires for opens (see 
schematic). 

1. Check ORN/BLK (60) wire for an open. 
2. Replace Door Lock Relay Assembly. 

CIRCUIT OPERATION 
When a Door Lock Switch is activated in the 

. Power Door Lock System, all of the doors will · 
lock or unlock in unison. Each lock can also be 
operated manually from the locking post. The 
locks are operated by reversible motors that re
ceive voltage from two relays in the Door Lock 
Relay Assembly. These relays operate to turn 
the motors on by applying a voltage to one of 
the terminals and a ground to the other 
terminal. 

When either Door Lock Switch is moved to 
the LOCK position, it completes the circuit to 
the coil of the Door Lock Relay Assembly. Jhe 
Lock Relay is energized. Its contact for the 
Lock Relay closes and is connected to battery 
voltage through the ORN/BLK wire. 

Voltage is then applied to the GRY wires and 
the Door Lock Motors, and then grounded by 
the TAN wires from the other terminal of the 
motor through the contact for the Unlock Relay. 
The motor in each door runs to operate the 
door locks. When the Door Lock Switch is re
leased, the Lock Relay contact returns to 
ground and the motors turn off. 

A similar action occurs with the Unlock Relay 
when it is energized by either of the Door Lock 
Switches closing to the UNLOCK position. Now 
the TAN wires to the motors carry battery volt
age and the GRY wires are grounded. The po
larity of the voltage to the motors is reversed. 
The motors run in the opposite direction to un
lock the doors. 

The Door Lock Switches are usually closed 
for just a moment. If they are held closed, a cir
cuit breaker in each motor will open to protect 
against damage. The circuit breakers close auto
matically when they cool off. 
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THEFT DETERRENT SYSTEM: PASS KEY 
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THEFT DETERRENT SYSTEM: PASS KEY 

TROUBLESHOOTING HINTS 
• Try the following checks before doing the Sys

tem Check. 

1. Check that key pellet sensing contacts in the 
Ignition Lock Cylinder by looking into the 
key opening. If the contacts are damaged, 
replace the Lock Cylinder. 

2. Check the VATS Fuse by visual inspection. 

3. Check owner's ignition key using the J35628 
Interrogator or equivalent. If the Key Code 
window shows ''E ", replace the owner's key. 

4. Check the Security Indicator Bulb. 

5. Check the ENG/CNL Fuse and the GAGES 
Fuse by visual inspection. 

• Go to Sy~tem Check for a guide to normal 
operation. 

• Go to· System Diagnosis for dragnostlc tests. 

SYSTEM CHECK 

• Use the System Check Table as a guide to 
normal operation. 

• Refer to System Diagnosis for a list of symp
toms and diagnostic steps. 

SYSTEM CHECK TABLE 
Put the Ignition I SECURITY 
Switch in RUN Indicator lights for 

approximately 2 
seconds 
If Indicator does not 
light do Test E 

(Continued in next column) 

COMPONENT LOCATION 
Clutch Start Switch ............. . Below 1/P, on clutch pedal bracket ........... . 
Convenience Center ............. . Behind 1/P, to right of steering column ........ . 
Electronic Control Module (ECM) .. . Behind RH side of 1/P ..................... . 
Fuse Block ..................... . Behind LH side of 1/P ..................... . 
Gear Selector Switch ..... . ...... . In console at gear selector .................. . 
Ignition Switch ................. . At base of steering column, below I/P ......... . 
Pass Key Decoder Module ........ . Behind LH side of 1/P, near steering column ... . 
Starter Enable Relay ............ . Below LH side of 1/P, on kick panel. .......... . 
Starter Solenoid (VIN E) ......... . Lower RH side of engine ................... . 
Starter Solenoid (VIN F)(VIN 8) ... . Lower RH side of engine ................... . 
Starter Solenoid (VIN S) ......... . Lower RH side of engine ................... . 
ClOO (46 cavities) ............... . LH front of dash, below relay bracket ......... . 
C207 (15 cavities) ............... . Behind RH side of 1/P, near ECM ............ . 
C228 (2 cavities) ................ . Below LH side of 1/P, near steering column .... . 
C243 (4 cavities) ................ . Below LH side of 1/P, near shroud ............ . 
G 112 (VIN F)(VIN 8) ............ . Rear of LH cylinder head ................... . 
G 118 (VIN E) ................. .. Rear of RH cylinder head ... : ............... . 
S104 .......................... . 1/P harness, behind LH side of 1/P ........... . 
S204 ........................... . 1/P harness, behind RH side of instrument 

cluster .......... . ............. . ........ . 
S217 .......................... . 1/P harness, behind RH side of instrument 

cluster ..........................•....... 
S223 .......................... . 1/P harness, behind LH side of 1/P ........... . 
S224 ................ ; ...... · ... . 1/P harness, near Fuse Block ................ . 
S236 .......................... . I/P harness, near convenience center ...... : : .. 

(Continued from previous column) 

Insert ignition key 
into ignition key 
lock and turn 
Ignition Switch to 
START 

If engine starts, 
proceed to next step 
If engine does not 
start, proceed to 
System Diagnosis 

(Continued on next page) 
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THEFT DETERRENT SYSTEM: PASS KEY 

(Continued from previous page) 

Do the following to 
check that PASS 
Key will detect the 
use of an incorrect 
key 
Shut off engine 
Remove hush panel 
under steering 
column and 
disconnect C228 
(Two-cavity 
connector at base of 
steering column) 

Attempt to start Engine should not 
engine crank 

If engine cranks, do 
Starter Enable 
Relay Test in 
System Diagnosis 

Reconnect C228 and Engine should not 
attempt to start crank 
engine again (must If engine cranks, 
be done within two replace PASS Key 
minutes of first Decoder Module 
attempt) 

Tum Ignition Engine starts 
Switch to OFF Wait normally 
four minutes and 
turn Ignition Switch 
to START 

Replace hush panel 

• Refer to System Diagnosis when a result is not 
normal. 

SYSTEM DIAGNOSIS 
Use the following table to determine the pro

cedure to use. If engine won't crank, or cranks 
but won't start, enter ECM Diagnostic Mode 
and check for display of Code (46 or 63). 

Note: Code 46 or 53 will be stored for up to 50 
vehicle starts. Therefore, after diagnosis 
is complete be sure to clear ECM codes. 

There are four "No Start" conditions that can 
occur on a vehicle equipped with PASS Key 
that may appear to be caused by PASS Key. 
The four conditions are given in the following 
table. The first of these is almost certain to be a 
PASS Key problem. The second and third can 
be caused by other systems on the vehicle. The 
fourth symptom is definitely not related to 
PASS Key. 

SYMPTOM TABLE 
NoCrankECM A: Lock Cylinder 
Code (46 or 53) and Harness Test 
Present B: Decoder Module 
SECURITY Test 
Indicator does not 
come on 

Crank but no Start D: ECM Enable Test 
ECM SECURITY 
Indicator does not 
turn off Code ( 46 or 
53) Present 

NoCrank · C: Starter Enable 
NoECM Relay Test 
SECURITY 
Indicator operates 
normally Code (46 or 
53) 

(Continued on next page) 
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THEFT DETERRENT SYSTEM: PASS KEY 

(Continued from previous page) 

Crank but no Start Refer to Section 6E 
NoECM 
SECURITY 
Indicator operates 
normally Code (46 or 
53) 

SECURITY E:SECURITY 
Indicator does not Indicator Open 
light but engine Test 
starts 

SECURITY F:SECURITY 
Indicator does not Indicator Short 
turn off but engine 'fest 
starts 

A: LOCK CYLINDER ANO HARNESS 
TEST 

1. Remove the hush panel under the steering 
column. Disconnect the two-cavity connec
tor in the wire leading into the steering col
umn. Connect the male and female parts to 
the mating connectors on the pigtails from 
the J35628 Interrogator or equivalent. 

2. Insert the customer's ignition key into the 
Ignition Switch Lock Cylinder. 

3. Press the On-Off switch on the J36628 Inter
rogator to the ON position. 

• The window above the Key Code Reader 
indicates the electrical codes for the key (1 to 
15) or "E "error. 

• Rotate the Ignition Switch Lock Cylinder 
while the key is inserted to insure that the 
correct code is read in all positions. 

• If the code is correct in all positions, proceed 
to step 5. 

• If code is not correct in all positions, replace 
the Ignition Switch Lock Cylinder. 

• If the window shows "E ", proceed to step 4. 

4. Check the customer's ignition key by insert
ing it in the Key Code Reader on the J35628 
Interrogator. 

• If the Interrogator indicates "E ", replace 
the key with a spare or follow the procedures 
under Key Replacement. 

• If Interrogator shows the electrical code (1 
to 15), replace the Ignition Switch Lock Cyl
inder. (See Section 3B4 for replacement pro· 
cedures). 

5. Set the Key Code Selector on the J35628 
Interrogator to the same electrical code 
determined in step 3. Turn the Ignition 
Switch to START. 

• If engine starts, reconnect vehicle wiring 
and check that the two-cavity connector at 
the base of the steering column mates cor
rectly. 

• If engine does not start, go to Test B, 
Decoder Module Test. 

B: PASS KEY DECODER MODULE TEST 
(TABLE 1) 

Measure: VOLTAGE 
At: PASS KEY DECODER MODULE 

CONNECTOR (Disconnected) 
Condition: 

• Ignition Switch: RUN 

Measure Correct 
For Diagnosis 

Between Voltage 

Al (PNK/ 
BLK)& Battery See 1 
Ground 

B8(ORN)& 
Battery See2 

Ground 

Al (PNK/ 
BLK)&B1 Battery See3 

(BLK/WHT) . 

A2(DKBLU) 
&Bl (BLK/ 5 Volts See4 

WHT) 

• Ignition Switch: ST ART 

A3(DKGRN) 
Battery See5 

&Ground 

• If voltages are correct, go to Table 2 . 

1. Check the PNK/BLK (439) wire and ENG 
CNL Fuse for an open. 

2. Check the ORN (440) wire and VATS Fuse 
for an open. 

3. Check the BLK/WHT (450) wire for an 
open. 

4. Check the DK BLU (229) wire for an open. 
If wire is good, replace ECM. 

5. Check DK GRN (965) wire for an open. If 
wire is good, do Test C. 
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THEFT DETERRENT SYSTEM: PASS KEY 

B: PASS KEV DECODER MODULE TEST 
·(tABLE 2) 

Measure: RESISTANCE 
At: PASS KEY DECODER MODULE 

CONNECTOR (Disconnected) 
Conditions: 

• Negative Battery Terminal Disconnected 
• No Key In Ignition Switch 

Measure Correct 
For Diagnosis 

Between Resistance 

A6(WHT/ 
BLK)&B2 Open circuit See 1 
(PPL/YEL) 

• Key in Ignition 

A6(WHT/ 
380 to 12.3K BLK)&B2 

ohms 
See2 

(PPL/YEL) 

• If resistance is correct but engine will not 
crank, replace the PASS Key Decoder 
Module. 

Note: When the PASS Key Decoder Module 
is replaced, the new key code may not 
match the code in the owner's existing 
keys. If it does not match, then new 
keys must be made. Use the key 
duplication procedure. 

1. Check WHT/BLK (1073) and PPL/YEL 
(107 4) wires for shorts to ground or 
between the two wires. 

2. Check WHT/BLK (1073) and PPL/YEL 
(1074) wires for an open. 

C: STARTER ENABLE RELAVTEST 

Measure: VOLTAGE 
At: STARTER ENABLE RELAY CONNECTOR 

(Disconnected) 
Condition: 

• Ignition Switch: START 

Measure Correct 
For Diagnosis 

Between Voltage 

E(YEL)& 
Battery See 1 

Ground 

C(YEL)& 
Battery See 1 

Ground 

• If voltages are correct, go to C2 . 

1. Check YEL (5) wire for an open. If wire is 
good but voltage is not present, go to 
8A-30 for diagnosis of Starter and Charg-
ing Circuits. 

C2. Connect a fused jumper between termi
nals E (YEL) wire and A (DK GRN/WHT) 
wire of the Starter Enable Relay Connec
tor. Turn Ignition Switch to START. 

• If engine cranks proceed to C3. 

• If engine does not crank, go to Section 8A-30 
for diagnosis of Starter and Charging Cir
cuits. 

C3. Reconnect the· Starter Enable Relay and 
connect a fused jumper from terminal A3 
(DK GRN) wire of the PASS Key Decoder 
Module to ground. Turn Ignition Switch to 
START. 

• If engine cranks, replace the PASS Key 
Decoder Module. 

• If engine does not crank, check the DK G RN 
(965) wire for an open. If wire is OK, replace 
the Starter Enable Relay ' 

D: ECM ENABLE SIGNAL TEST (TABLE 
1) 

Measure: VOLTAGE 
At: PASS KEY DECODER MODULE 

CONNECTOR (Connected) 
Condition: • 

• Ignition Switch: RUN 

Measure Correct 
For Diagnosis 

Between Voltage 

A2(DKBLU) 
2-3 Volts See 1 &Ground 

• If the voltage is correct butht he car will 
not start and the is still present, replace 
the Engine Control Module (ECM). 

1. Go to Table 2. 

D: ECM ENABLE SIGNAL TEST (TABLE 
2) 

Measure: VOLTAGE 
At: PASS KEY DECODER MODULE 

CONNECTOR (Disconnected) 
Condition: 

• Ignition Switch: RUN 

Measure Correct 
For Diagnosis 

Between Voltage 

A2(DKBLU) 
5 Volta See 1 &Ground 

• If voltage is correct, check for good con-
tact . between the PASS Key Decoder 
Module and its connector. If contact is 
good, replace the PASS Key Decoder 
Module. 

(Continued on next page) 
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THEFT DETERRENT SYSTEM: PASS KEY 

(Continued from previous page) 

1. Check DK BLU (229) wire for an open or a 
short to ground. If wires are good check 
for good contact between the Engine Con
trol Module (ECM) and its connectors. If 
contacts is good, replace the Engine Con
trol Module (ECM). 

Note: If the PASS Key Decoder Module is 
replaced, its key code may not match the 
owner's keys. Try the owner's keys, if 
they don't work see the Key Duplication 
Procedure. 

E: SECURITY INDICATOR OPEN TEST 
Measure: VOLTAGE 
At: PASS KEY DECODER MODULE 

CONNECTOR (Disconnected) 
Condition: 

• Ignition Switch: RUN 

Measure Correct 
For Diagnosis 

Between Voltage 

A4(GRY)& 
Battery Seel 

Ground 

• If voltage is correct do Test B. 
1. Check the GRY (923) wire for an open. If 

OK replace the Instrument Cluster (see 
Section SC). 

F: SECURITY INDICATOR SHORT TEST 
With Ignition in OFF, disconnect PASS Key 
Decoder Module. Turn Ignition to RUN. 

• If SECURITY · Indicator is off, replace 
· PASS Key Decoder Module. 

• If SECURITY Indicator is on, check GRY 
(923) wire for a short to ground. Repair/ 
replace wire as necessary. If wire is OK, 
check bulb, Instrument Cluster (refer to Sec
tion 8A-81). 

KEY DUPLICATION PROCEDURE 

Key Replacement (Spare Key Available) 

The J35628 Interrogator or equivalent must 
be used to determine the proper electrical code 
of the key. 

1. Insert the customer's spare ignition key into 
the Key Code Reader on the J35628 Inter
rogator. 

2. Press the On-Off rocker switch to the ON 
position. 

3. A number from 1 to 15 will appear in the 
window designating the electrical code of 
thekey. · 

4. Cut a new key having the electrical code 
determined from the J35628 Interrogator. 

5. Start the engine using the new key to insure 
that the key is correct both mechanically 
and electrically. 

Key Replacement (No Spare Key Available) 

1. If the Ignition Key is lost and there is no 
spare key, determine the mechanical code 
from the code on the Ignition Key Lock Cyl
inder. The code may also be determined from 
the dealer invoice for the car, or from the 
Chevrolet Zone Office. 

2. Cut a new key to this mechanical code. Use a 
blank PASS Key test key which has no 
resistance pellet. This key will be used to 
operate the Ignition Switch for the remain
ing steps. 

3. Remove the hush panel under the steering 
column and disconnect C228 (two-cavity 
connector leading into the steering column).· 

4. Insert the male half of the connector into the 
female pigtail connector from the J35628 
Interrogator. 

5. Set the Key Code Selector on the Inter-· 
rogator (J35628 or equivalent) to "l ". 

6. Attempt to start engine using the key made 
in step 2. 

• If engine starts, the Key Code Selector is set 
to the correct electrical code. Cut a new key 
having this electrical code. The new key will 
be customer's replacement key. 

• If engine does not start, turn Ignition · • 
Switch to OFF, then turn the Key Code 
Selector to the next higher position. Wait 
four minutes and attempt to start the engine 
using the new electrical code. Use the 4-min
ute Timer on the J35628 Interrogator to 
indicate the 4-minute interval. Start the 
Timer by depressing the "Start" rocker 
switch. The red indicator will turn off at the 
end of a four minute interval. 
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THEFT DETERRENT SYSTEM: PASS KEY 

(Continued from previous page) 

CIRCUIT OPERATION 
Resistor sensing contacts are located in the 

Ignition Switch Lock Cylinder. These contact 
the Key Resistor Pellet on the k~y when it is 
inserted. When the lock is rotated, battery volt
age is applied through th~ ENG CNL Fuse to 
the PASS Key Decoder Module. The Pellet 
resistance is then compared against a digital 
reference resistance in the Module. 

If the Key Pellet is the proper resistance, ter
minal A3 is grounded, energizing the Starter 
Enable Relay. At the same time, a signal is 
applied at terminal A2 to enable the Electronic 
Control Module (ECM). When this signal is 
received by the Electronic Control Module 
(ECM), it allows fuel injector pulses to begin. 

If the Key Resistor Pellet is the wrong value, 
the PASS Key Decoder Module will shut down 
for 2 to 4 minutes. During this interval there 
will be no output at terminals A3 or A2. 

If the Ignition Switch is turned on again dur
ing this interval, the Timer will begin over 
again and the PASS Key Decoder Module will 
remain shut down for another 2 to 4 minutes. 
The PASS Key Decoder Module will continue 
this process even if a key with the correct pellet 
is used to turn the ignition back on. The Timer 
is restarted by the ignition voltage at terminal 
Al when Ignition Switch is turned to RUN. 

Once the Timer has completed its 2 to 4 min
ute cycle with the ignition off, the PASS Key 
Decoder Module and Timer are reset. A key 
having the correct code can then be used to 
start the engine 

The SECURITY Indicator is controlled 
directly by the PASS Key Decoder Module. If 
there is a PASS Key Decoder Module. If there is 
a PASS Key Failure this indicator will be 
grounded by the PASS Key Decoder Module 
with the ignition in RUN, BULB TEST or 
START. When the Ignition Switch is first 
placed in RUN, BULB TEST or START the 
Indicator lights for about 2 seconds as a bulb 
check. Thus, the SECURITY Indicator can be 
used to help diagnose the problem. For exam
ple, if the engine does not start and the 
SECURITY Indicator does not come on at all, 
then the contacts are not touching the resistor 
pellet on the key correctly. If the engine does 
not start and the SECURITY Indicator stays 
on, then there is a problem with the PASS Key 
Module. And finally, if the engine does not start 
and the SECURITY Indicator goes off after 
approximately 2 seconds, then there is a non• 
PASS Key problem. 
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THEFT DETERRENT SYSTEM: PASS KEY 

REMOVE AND INSTALL IGNITION LOCK 

REMOVE 
1. Remove key from cylinder. 
2. Cut wire from lock cylinder. 
3. NOTE - Carefully observe position and 

routing of wire leading from lock cylinder. 
4. Remove parts as shown. 

INSTALL 
1. Attach the cut end of the remaining wire 

extending from the steering column cover 
to the back of connector body of the new 
lock cylinder wire. 

2. Wrap this temporary connection 3 or 4 

times with electrical tape. 
3. Pull on the original lock cylinder wire con· 

nector at the bottom of the steering col• 
umn. and carefully feed the new wire 
through the lock cover opening and down 
through the steering column. 

4. Route wire as it originally was and insert 
wire retaining grommet. 

AND KEY WARNING BUZZER 
Route wire from 
lock-cylinder•• shown 
(Do not twill wire• I) 

!:~~--

For replacement of lock cylinder, 
cut wire here and leave in place. 

~KEV 

LOCK CYLINDER 

/ 

Cut off wire retainer leg on 
original connector when replacing 
lock cylinder. 

, 

LOST KEYS 

I. Follow steps 2 and 3 under REMOVE. 
2. Rotate lock cylinder 90° CCW and read 

key number. 
3. Reinstall lock cylinder and route attached 

wire as shown. 

LOCK RETAINING SCREW 

~ _ -~ KEY WARNING 
~ BUZZER SWITCH 

Use paper clip 
when removing 
warning buzzer 
switch. 
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HATCH PULL-DOWN/HATCH RELEASE AND PU~L-DOWN · 
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HATCH PULL-DOWN/HATCH RELEASE AND PULL-DOWN 

TROUBLESHOOTING HINTS 
1. ACC Fuse is good if Courtesy Lamps work. 

2. Check the LID Fuse. 

3. Interior Hatch Release (if equipped) will 
work only with Gear Selector in Park or _Neu
tral (Auto) or Park Brake On (Man.). . .. . 

4. If Cargo Compartment Light works when 
Release Switch is operated, the Release 
Switch, Hatch Release Relay and associated 
wiring are good. 

SYSTEM CHECK 
• The Table below may be used to check Hatch 

operation. 

SYSTEM CHECK TABLE 
ACTION NORMAL RESULT 

Release Hatch with Hatch opens freely 
Key and Latch extends 

fully 
Cargo Compartment 
Light comes on 

Push Hatch down The Hatcli will be 
until it latches pulled to the fully 

closed position 
Cargo Compartment 
Light goes out 

Operate the Hatch Hatch opens freely 
Release Switch (If and Latch extends 
equipped) fully 

Cargo Compartment 
Light comes on 

COMPONENT LOCATION Page-Figure 

Fuse Block. ..................... Behind LH side ofl/P . . . . . . . . . . . . . . . . . . . . . . 201-12-A 
Gear Selector Switch . . . . . . . . . . . . . In console at gear selector . . . . . . . . . . . . . . . . . . . 201- 9-C 
Hatch Release and Pulldown 

Assembly ............... . .... . 
Hatch Release Relay ............. . 
Parking Brake Switch ............ . 
Starter Solenoid (VIN E) ......... . 
Starter Solenoid (VIN F)(VIN 8) ... . 
Starter Solenoid (VIN S) ......... . 
C206 (8 cavities) ................ . 
C241 (3 cavities) ................ . 
G303 ......................... . 
S203 .......................... . 

S224 .......................... . 
S228 .......................... . 
S306 .. · ........................ . 
S312 .......................... . 

SYSTEM DIAGNOSIS 

Center of rear end panel, in cargo compartment .. 
In RH side of console, behind gear selector .... . 
In console at parking brake ................. . 
Lower RH side of engine ........ . .......... . 
Lower RH side of engine ...... . . . .......... . 
Lower RH side of engine ................... . 
LH rear corner of cargo compartment ........ . 
1/P harness, in console ............ .. ...... . . 
Center of rear end panel, in cargo compartment .. 
I/P harness, behind RH side of instrument 

cluster ................................. . 
1/P harness, near Fuse Block ................. . 
1/P harness, behind LH side of 1/P ...... . .... . 
Rear lights harness, LH center of end panel .... . 
Rear lights harness, LH center of end panel .... . 

Test A: 

201-17-A 
201-15-A 
201-15-C 
201- 2-B 
201- 3-D 
201- 2-A 
201-16-C 
201-15-C 
201-17-A 

201-12-A 
201-12-A 
201-11-A 
201-17-A 
201-17-A 

• Select a Symptom from the table below. then 
follow the Diagnosis. 

Measure voltages to ground at Hatch Release 
and Pull-down Assembly Harness connector 
(disconnected). SYMPTOM TABLE 

SYMPTOM DIAGNOSIS 

Hatch Pull-down Check input 
does not work. (Does voltages to Hatch 
not pull down, or Release and Pull-
does not extend, or down Assembly. See 
does not stay down) TestA 

Remote Hatch SeeTestB 
Release Function 
does not work 

A - (BLK) Ground 

B-NotUsed 

C - (BLK) Battery Voltage with Release 
Switch operated. 0 volts otherwise. 

D - (RED/WHT) Battery 

• If all voltages are correct, replace the Hatch 
Release and Pull-down Assembly. 

• If any voltage is incorrect check associated 
circuit (see schematic). 
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HATCH PULL-DOWN/HATCH RELEASE AND PULL-DOWN 

• If voltage at terminal C is incorrect or Cargo 
Compartment Light stays on with Hatch 
Release and Pull-down Assembly discon
nected, check Hatch Release Relay and 
Release Switch. 

Test B: 
REMOTE HATCH RELEASE FUNCTION DOES 
NOTWORK 

Does Cargo Compartment Light work YES 

when Release Switch is operated? 
(Check that bulb Is OK) 

NO 

• Disconnect Hatch Release Relay. Con-
nect a fused jumper between terminals NO 

1 and 2. Does Cargo Compartment 
Light work? 

YES 

Is there Battery Voltage between Hatch 
Release Relay terminals 1 and 3 when 

YES 

the Release Switch is operated? 

NO 

• Reconnect the Relay. Disconnect the 
Release Switch and check the switch 

NO 

for continuity. ls the switch OK? 

YE 

-

1 SeeTestA 

• Check 40 and 142 
circuits. See sche-
matlc 

• Replace the Hatch 
Release Relay 

• Replace the Release 
Switch 

• Check wiring to Release Switch. 
Note: 
(Automatic Transmissionl If car starts, wiring from 
S224 through Starter is OK. 
(Manual Transmission) 
If Brake Warning Indicator works, wiring from S228 
through Park Brake Switch Is OK. 
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HATCH PULL-DOWN/HATCH RELEASE AND PULL-DOWN 

CIRCUIT OPERATION 
RELEASE SEQUENCE 

The Hatch Release relay receives voltage at 
all times from the ACC Fuse. When the release 
switch is pressed the relay coil is grounded and 
it picks up. The ground is through tlie Parking 
Brake Switch (Manual Transmission) or the low 
resistance hold in winding of the Starter Sole
noid (Automatic Transmission). The relay's 
contacts apply voltage to pin C of the Hatch 
Release and Pull-Down assembly. Current 
flows through the Latch Up/Down Position 
Sensing Switches and Latch Up-Down Motor 
to pin A and ground. This starts the hatch mov· 
ing upward. After the latch has moved approxi
mately 5mm upward (hatch release switch held 
for at least one second) the Hatch Closed 
Switch closes so that when the Release Switch 
is not being depressed, the release sequence will 
continue, supplied by battery voltage from pin 
D. When the latch is approximately 2'3 of its 
travel upward, the latch is mechanically opened 
by a cam and the Latch Switch will move to the 
"unlatched" position. When the latch is fully 
extended the Latch Up/Down PositionSensing 
Switches will move to the "up" position. The 
release operation is completed. 

KEY OPENING SEQUENCE 

When the hatch is manually released with the 
key at the rear panel, the latch is mechanically 
opened and releases the hatch. With the hatch 
released the Latch Switch moves to the 
''unlatched" position, providing voltage to the 
Latch Up-Down Motor through the Latch Up/ 
Down Pnsition Sensing Switches in the "down" 

position. The motor moves the latch assembly 
to the "up" position. The Latch Up/Down Posi
tion Sensing Switches move to the ''up" posi
tion when it is fully extended. The key opening 
operation is completed. 

NOTE: 

When the Release Switch is pressed the 
Cargo Compartment Lamp operates. For the 
rest of tlie release operation and while the hatch 
is open, battery voltage from pin D is applied 
through the Hatch Closed Switch to pin C, to 
provide power for the Cargo Compartment 
Lamp. The Latch Up-Down Motor contains a 
self-resetting circuit breaker to protect the 
motor. 

PULLDOWN SEQUENCE 

When the hatch is manually pushed down 
into the latch the Latch Switch moves to the 
''latched" position. With the Latch Up/Down 
Position Sensing Switches already in the "up" 
position; battery voltage is applied from pin D 
through the latch Switch and the Latch Up/ 
Down Position Sensing Switches to the Latch 
Up-Down Motor to start the pulldown opera· 
tion. Approximately 5mm before the hatch is 
fully closed the Hatch Closed Switch opens. 
When the hatch reaches the fully closed posi
tion the Latch Up/Down Position Sensing 
Switches move to the "down" position. The 
pulldown operation is completed. 
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POWER SEATS: THREE MOTOR 
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POWER SEATS: THREE MOTOR 

TROUBLESHOOTING HINTS 
• Try the following checks before doing the Sys

tem Check. 

1. If none of the Seat functions operate, check 
PWR ACC Circuit Breaker. 

2. If Rear or Front Height does not function, but 
Entire Seat moves up and down, replace Seat 
Switch. 

3. If the Rear and Front Height function 
properly, but Entire Seat does not move up and 
down, replace Seat Switch. 

• Go to System Check for a guide to normal 
operation. 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM CHECK 

• Use the System Check Table as a guide to 
normal operation. 

SYSTEM CHECK TABLE 
ACTION NORMAL RESULT 

Move Rear Height Rear of seat moves up 
Switch UP and and down 
DOWN 

Move Front Height Front of seat moves 
Switch UP and up and down 
DOWN 

Move Entire Seat Entire seat moves up 
Switch UP and and down 
DOWN 

Move Entire Seat Entire seat moves 
Switch FORWARD forward and back 
and BACK 

Refer to System Diagnosis when a result is not 
normal. 

COMPONENT LOCATION 

Fuse Block. . . . . . . . . . . . . . . . . . . . . . Behind LH side ofl/P 

Page-Figure 

201-12-A 
201-16-C 
201-16-D 
201-16-C 

Seat Motors ..................... Under front seats .............. .. ......... . 
C238 (12 cavities) . . . . . . . . . . . . . . . . LH shroud, ahead of center access hole ........ . 
C319 (2 cavities) ...... . .......... Under LH front seat ....................... . 
C322 (6 cavities) . . . . . . . . . . . . . . . . . Under LH front seat 
G310 .......................... Under driver's seat 

SYSTEM DIAGNOSIS 
• Do the tests listed for your symptom in the 

Symptom Table below. 

• Tests follow the Symptom Table. 

SYMPTOM TABLE 

SYMPTOM FOR DIAGNOSIS 

None of the seat Do Test A 
functions work 

Some, but not all, DoTestB 
seat functions work 

A: INPUT TEST 
Connect: TEST LAMP 
At: SEAT SWITCH CONNECTOR (Connected) 

Connect 
Correct Result For Diagnosis Between 

F(ORN/BLK) 
Lamplights Seel &Ground 

F(ORN/BLK) 
Lamplights See2 &C(BLK) 

• If lamp lights in both tests, check connec-
tor C322, then replace Seat Switch. 

1. Check PWR ACC Circuit Breaker and 
ORN and ORN/BLK (60) wires for an 
open (see schematic). 

2. Check ground G310 and BLK (151) and 
BLK (151) and BLK (150) wires for an 
open (see schematic). 

(Continued on next page) 
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POWER SEATS: THREE MOTOR 

(Continued from previous page) 
B: SWITCH TEST 

Connect: TEST LAMP 
At: SEAT SWITCH CONNECTOR (Connected) 
Condition: 

• Entire Seat Switch: FORWARD & BACK 

Connect 
Correct Result 

Between 
For Diagnosis 

D(LTGRN)& 
Lamplights See 1 

E (TAN) 

• Rear Height Switch: UP & DOWN 

B(LTBLU)& Lamp lights Seel A(YEL) 

Front Height Switch: UP & DOWN 

H(DKBLU) 
&G(DK Lamplights Seel 

GRN) 

• If lamp lights in all tests, test wires lead-
ing to appropriate motor for an open. 
Replace motor if wires are OK (see sche-
matic). 

1. Replace Seat Switch. 

CIRCUIT OPERATION 

There are three reversible motors that oper
ate the Power Seats. Two separate motors are 
used to position the front and rear height of a 
seat. When the Entire Seat Switch is pushed to 
the UP or :1)0WN position, both motors oper
ate to move the front and back height of a seat 
at the same time. 

The Forward-Back Motor is operated by the 
Entire Seat Switch. When held in the FOR
WARD position, battery voltage is applied to 
the switch contacts, the TAN wire, and the For
ward-Back Motor. The motor is grounded 
through the LT GRN wire and the contacts of 
the Back Switch to ground G310. The motor 
runs to drive the seat forward until the switch is 
released. 

In the BACK position, the LT G RN wire 
receives battery voltage and the TAN wire is 
grounded. This reversed polarity causes the 
motor to run in the opposite direction to drive 
the seat backward until the switch is released. 

To raise the entire seat, the Entire Seat 
Switch is held in the UP position. This applies 
battery voltage to both the YEL and DK GRN 
wires, and both the Front Height and Rear 
Height Motors. The LT BLU and DK BLU 
wires are grounded through the Front Height 
Down Switch, Rear Height Down Switch, and 
the Entire Seat Down Switch. Both motors run 
to drive the entire seat up. A similar action 
occurs to move the entire seat down. 

To raise the front height of the seat indepen
dently, hold the Front Height Switch in the UP 
position. This applies battery voltage to the 
Fr~nt Height Motor through the Front Height 
Switch contacts and DK GRN wire. The motor 
is grounded through the DK BLU wire and the 
contacts of the Front Height Down Switch and 
Entire Seat Down Switch to ground G310. The 
motor runs until the switch is released. To l~wer 
the front height of the seat, hold the Front 
Height Switch in the DOWN position. This 
action now grounds the DK GRN wire and 
applies battery voltage to the DK BLU wire. 
This reverses the polarity of the motor and 
causes the motor to run in the opposite direc
tion to lower t~e seat. The Rear Height Motor 
operates similarly to adjust the rear height of 
the seat. 

Each motor contains a self-resetting circuit 
breaker to protect it from overload. It will reset 
as the motor circuit cools off. 
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POWER MIRRORS 
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POWER MIRRORS 

TROUBLESHOOTING HINTS 
• Try the following check before doing the Sys

tem Check. 

Check the ACC Fuse by checking for opera
tion of the Horn. 

• Go to System Check for a guide to normal 
operation. 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM CHECK 
• Use the System Check Table as a guide to 

normal operation. 

• Refer to System Diagnosis for a list of symp
toms and diagnostic steps. 

SYSTEM CHECK TABLE 
ACTION NORMAL RESULT 

Put Mirror Select LH Outside Mirror 
Switch in L position, moves smoothly up 
operate Mirror Con- and down 
trol Switch in UP 
and DOWN positions 

Operate Mirror Con- RH Outside Mirror 
trol Switch in the moves smoothly to 
LEFT and RIGHT the left and right 
positions 

(Continued in next column) 

COMPONENT LOCATION Page-Figure 

Fuse Block. .............. . ...... Behind LH side of 1/P . . . . . . . . . . . . . . . . . . . . . . 201-12-A 
Cl19 (6 cavities) ................. LH shroud, near upper access hole . . . . . . . . . . . . 201-10-C 
C238 (12 cavities) ................ LH shroud, ahead of center access hole....... . . 201-15-D 
C303 (4 cavities) ................. LH shroud, near center access hole. . . . . . . . . . . . 201-10-C 
C304 (4 cavities) . ................ RH shroud, near center access hole.. . . . . . . . . . . 201-10-C 
G321 .......................... Below LH front seat.. . . . . . . . . . . . . . . . . . . . . . . 201-16-F 
S203. . . . . . . . . . . . . . . . . . . . . . . . . . . 1/P harness, behind RH side of instrument 

cluster ................................. . 201-12-A 
201-14-A S222 ........................... Outside mirror harness, near LH center access .. 

S226. . . . . . . . . . . . . . . . . . . . . . . . . . . Outside mirror harness, near LH center access 
hole ................................... . 201-14-A 

(Continued from _l)_revious column) 

Put Mirror Select RH Outside Mirror 
Switch in R position, moves smoothly up 
operale Mirror Con- and down 
trol Switch in UP 
and DOWN positions 

Operate Mirror Con- RH Outside Mirror 
trol Switch in the moves smoothly to 
LEFT and RIGHT the left and right 
positions 

• Refer to System Diagnosis when a result Is 
not normal. 

SYSTEM DIAGNOSIS 
• Diagnostic steps for the symptoms listed In 

the following table are found after the table. 

SYMPTOM TABLE 
A. Both mirrors do not operate in any mode. 

B. LH mirror does not operate in one or 
more modes. 

C. RH mirror does not operate in one or more 
modes. 
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POWER MIRRORS 

{Continued from previous page) 

A: BOTH MIRRORS DO NOT OPERATE 
IN ANY MODE 

Measure: VOLTAGE 
At: OUTSIDE MIRROR SWITCH CONNJ:CTOR 

(Disconnected) 

Measure Correct For 
Between Voltage Diagnosis 

A (ORN) & Battery See 1 
Ground 

A (ORN) & B Battery See2 
(BLK) 

• If all voltages are correct, replace the 
Outside Mirror Control Switch. 

1. Check/repair ORN (40) wire. 
2. Check/repair BLK (150) wire. 

B: LH MIRROR DOES NOT OPERATE IN 
ONE OR MORE MODES 

Measure: VOLTAGE 
At: OUTSIDE MIRROR SWITCH CONNECTOR 

(Connected) 
Conditions: 

• Mirror Select Switch: L 
• Mirror Control Switch: Hold UP or 

DOWN 

Measure Correct For 
Between Voltage Diagnosis 

C (YEL) & E Battery See I (LT GRN) 

• Mirror Control Switch: LEFT or RIGHT 
position 

D (LTBLU) & Battery See I F (WHT) 

• If all voltages are correct, replace LH Out-
side Mirror Drive Unit after checking con-
nectors Cll9 and C303 and YEL (88), LT 
GRN (89), WHT (81) and LT BLU (82) 
wires. Refer to Section 5A of the Body 
Service Manual for replacement pro-
cedures. 

1. Replace Outside Mirror Switch. 

C: RH MIRROR DOES NOT OPERATE IN 
ONE OR MORE MODES 

Measure: VOLTAGE 
At: OUTSIDE MIRROR SWITCH CONNECTOR 

(Connected) 
Conditions: 

• Mirror Select Switch: R 
• Mirror Control Switch: Hold UP or 

DOWN 

Measure Correct For 
Between Voltage Diagnosis 

C (YEL) & G 
(LT Battery See 1 

GRN/BLK) 

• Mirror Control Switch: LEFT or RIGHT 
position 

D (LT BLU) & 
H Battery See 1 

(WHT/BLK) 

• If all voltages are correct, replace RH 
Outside Mirror Drive Unit after checking 
connectors Cll9 and C304 and YEL (88), 
LT GRN/BLK (89), LT BLU (82), and 
WHT/BLK (91) wires. Refer to Section 6A 
of the Body Service Manual for replace-
ment procedures. 

1. Replace Outside Mirror Switch. 
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POWER MIRRORS 

CIRCUIT OPERATION 
The Power Mirrors are adjusted from the inte

rior of the car by moving the Outside Mirror 
Switch in the desired direction. 

Each Outside Mirror has two reversible 
motors, one to adjust the mirror view up and 
down, the other to adjust the mirror view right 
and left. The driver operates either an Up-Down 
Switch or Left-Right Switch to control the 
polarity of the voltage to the motors. The Mir
ror Select Switch directs these control voltages 
to either the RH or LH Outside Mirror. 

With the switches in the positions shown in the 
schematic, the LH Outside Mirror is moved. 
When the Up-Down Switch is moved UP, battery 
voltage from the ORN wire is applied through 
the LH contacts of the Mirror Select Switch to 
the YEL wire at terminal C and to the Up-Down 
Motor in the LH Outside Mirror. The LH Out
side Mirror Up-Down Motor has a path to ground 
through the LT GRN wire at terminal E through 
the Up-Down Switch and the BLK wire. The LH 
motor runs and turns the mirror up. 

When the Up-Down Switch is pushed to the 
DOWN position, the LH motor receives voltage, 
however, th.e polarity is reversed. The YEL wire 
is now grounded and voltage is applied to the 
motor through the LT GRN wire. The motor 
should i:un in the opposite airection. 

The LH LefL-Right Motor operates similarly. 
When the Left-Right Switch is moved to the 
LEFT position, battery voltage from the ORN 
wire is applied through the LH contacts of the 
Mirror Select Switch to the WHT wire at termi
nal F and the Left-Right Motor in the LH Out
side Mirror. 1'lw LH Outside Mirror is grounded 
through the L'r BLU wire at terminal D, the 
Left-Right Switch and BLK wire. The LH motor 
runs and turns the mirror to the left. 

If the Left-Right Switch is pushed to the 
RIGHT position, the same motor receives volt
age. However, the polarity is reversed, with the 
'wHT wire grounded and voltage now applied to 
the motor through the LT BLU wire. The motor 
should run in the opposite direction. 

The RH Outside Mirror works the same way 
as the LH Outside Mirror when the Mirror Se
lect Switch is moved to the R position and the 
Up-Down and L~ft-Right Switches are operated. 
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RADIO: DELCO-BOSE® AMPLIFIED SPEAKER SYSTEM 
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RADIO 

TROUBLESHOOTING HINTS 
• Try the following checks before doing the Sys-

tem Check. 
1. Check the RAD IO Fuse. 

2. Check the ARC Radio Fuse. 

3. Check that the Antenna connector and coax
ial cable are properly connected. · 

4. Adjusting the Radio controls will change the 
operation of the sound system. Consult the 
Delco Sound Service Guide for information 
regarding the operation of these controls. 

5. Before troubleshooting a suspect speaker, 
check all connections to that speaker. 

6. For proper noise diagnosis, take the car out
side where signals are strong. Close the 
hood, and keep away from metal buildings or 
sources of radio interference. 

7. Ignition noise on FM may indicate a possible 
defective Ignition system. 

8. Coated screws or bolts can cause a poor 
ground condition and increase radio noise. 
Scrape ground screws or bolts clean of any 
paint or varnish. 

• Go to System Check for a guide to normal 
operation. 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM CHECK 

• Use the System Check Table as a guide to 
normal operation. 

• Refer to System Diagnosis for a list of symp
toms and diagnostic steps. 

• For noise problems, refer to System Diag
nosis, Test I. 

COMPONENT LOCATION 
Convenience Center . . . . . . . . . . . . . . Behind I/P, to right of steering column ........ . 
Delco-Bose Amplifier Relay. . . . . . . . Behind RH side of I/P 
Fuse Block. . . . . . . . . . . . . . . . . . . . . . Behind LH side of I/P ... . ...... . .......... . 
C208 (1 cavity) .................. Behind LH side ofI/P, above fuse box ........ . 
C233 (2 cavities) . . . . . . . . . . . . . . . . . Behind center of I/P, taped to I/P harness ..... . 
G200 . . . . . . . . . . . . . . . . . . . . . . . . . . Behind I/P, on LH side of steering colwnn 

bracket ................................ . 
G203 ...... . ................... Behind RH side of 1/P, at shroud 
S203. . . . . . . . . . . . . . . . . . . . . . . . . . . I/P harness, behind RH side of instrument 

cluster . ................................ . 
S231. . . . . . . . . . . . . . . . . . . . . . . . . . . Speaker harness, at RH rear door sill 
S232 ...... , . . . . . . . . . . . . . . . . . . . . Speaker harness, at RH rear door sill 
S236 ................... . ....... 1/P harness, behind LH side of 1/P ........... . 
S240 ........................... Delco-Bose spe.aker harness, behind radio ..... . 
S241. ............ . ............. Delco-Bose speaker harness, behind radio ..... . 

SYSTEM CHECK TABLE SYSTEM DIAGNOSIS 

Page-Figure 

201-12-A 

201-12-A 
201-12-A 
201-12-A 

201-12-A 

201-12-A 

201-11-A 
201-14-B 
201·14-B 

ACTION 

With Ignition Switch 

NORMAL RESULT 

The digital display 

• Do the tests listed for your symptom in the 
Symptom Table below. 

in RUN, turn the comes on 
Radio on The Digital Clock 

operates 
Sound comes from all 
four speakers 

Operate the Radio Consult the Delco 
controls Sound Service Guide 

for information 
regarding the 
operation of the 
controls 

Turn Headlight The Panel Light 
Switch to PARK comes on 

The digital display 
dims (if equipped) 

• Refer to System Diagnosis when a result is not 
normal. 

• Tests follow the Symptom Table. 

• Tests apply to both Electronically Tuned Radio 
(ETR) and Delco Bose® Music System unless 
otherwise Indicated. 
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RADIO 

SYMPTOM TABLE A: RADIO POWER INPUT TEST 

SYMPTOM DO TEST Measure: VOLTAGE 

Radio does not ap• A: Radio Power 
pear to work (no dis· Input Test 
play, no sound) 

Clock (if equipped) B: Clock Power · ·· · 
does not operate Input Test 

At: RADIO CONNECTOR (Disconnected) 
Condition: 

• Ignition Switch: RUN 

Measure Correct 
For Diagnosis 

Between Voltage 

Panel Light does not C: Panel Light 
come on Voltage Test 

9(YEL)& Battery See 1 
Ground 

Display dimming D: Display Dimming 
function (if Input Test 

9(YEL)&5 Battery See2 
(BLK) 

equipped) will not • If voltages are correct, go to 'l'est B . 
operate 1. Check YEL (43) wire for an open. 
(Electronically E: Speaker Test 
Tuned Radio ETR) 
No sound or 

2. Check BLK (150) wire for an open to 
ground. 

distorted sounds 
come from speaker B: CLOCK POWER INPUT TEST 

(Delco/Bose® Music F: Amplifier Relay Measure: VOLTAGE 
System) Test At: RADIO CONNECTOR (Disconnected) 

Radio appears to 
work (Display 

Measure Correct 
For Diagnosis 

Between Voltage 
appears) but no 
sound comes from 
any speaker 

lO(ORN/BLK) Battery See 1 
& Ground 

(Delco/Bose® Music H: Amplifier/ 
System) Speaker Unit Test 

• If the voltage is correct, remove Radio for 
service. 

No sound or 1. Check ORN/BLK (340) wire for an open 
distorted sound (see schematic). 
comes from a 
speaker unit 

Excessive noise I: Noise Diagnosis 
comes from all 
speakers 

C: PANEL LIGHT VOLTAGE TEST 
Measure: VOLTAGE 
At: RADIO CONNECTOR (Disconnected) 
Conditions: 

• Light Switch: PARK 
• Dimming Switch: HI 

Measure Correct 
For Diagnosis 

Between Voltage 

7(GRY)& 
Battery Seel Ground 

• If the voltage is correct, remove Radio for 
service. 

1. Check GRY (8) wire for an open (see sche-
matic). 

D: DISPLAY DIMMING INPUT TEST 

Measure: VOLTAGE 
At: RADIO CONNECTOR (Disconnected) 
Condition: 

• Light Switch: PARK 

Measure Correct 
For Diagnosis 

Between Voltage 

6(BRN)& 
Battery See 1 Ground 

• If voltage is correct, remove Radio for 
service. 

1. Check BRN (9) wire for an open (see sche-
matic) 
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RADIO 

(Continued from previous page) 

E: SPEAKER TEST (TABLE 1) 

Connect: ANALOG OHMMETER 
At: SUSPECT SPEAKER (Disconnected) 
Conditions: 

• Ohmmeter set on R x 1 scale 
• Speaker Wires: DISCONNECTED 

Action Correct Result For Diagnosis 

Connect 
Ohmmeter 

Speaker 
across See 1 

Speaker "pops" 

terminals 

• If the result is correct, go to Table 2 . 

1. Replace the problem Speaker with a new 
one. 

E: SPEAKER TEST (TABLE 2) 

Measure: AC VOLTAGE 
At: RADIO OUTPUT FOR SUSPECT SPEAKER 
Condttions: 

• Ignition Switch: RUN 
• Radio: ON (High Volume) 

Action 
Correct 

For Diagnosis 
Voltage 

Connect 
voltmeter 

across 
outputs of Varying 

suspect around 1 volt See 1 
Speaker with AC 
Radio tuned 
to a strong 

signal 

• If the voltage is correct, repair the wires 
between the Radio and the suspect 
speaker. 

1. Remove Radio for service. 

F: DELCO BOSE® AMPLIFIER RELAY 
TEST 

Measure: VOLTAGE 
At: DELCO BOSE® AMPLIFIER RELAY 

(Connected) 
Conditions: 

• Ignition Switch: RUN 
• Radio: ON 

Measure Correct For Diagnosis 
Between Voltage 

B(PNK)& 
Battery See 1 

Ground 

B(PNK)& 
Battery See2 

C(BLK) 

A(ORN)& 
Battery See3 

Ground 

B(PNK/BLK) 
& Battery See4 

Ground 

• If all voltages are correct, check the PNK/ 
BLK (943) wire for an open if OK, perform 
TestG. 

1. Check/repair PNK (143) wire. 

2. Check/repair BLK (151) wire. 

3. Check/repair ORN (40) wire. 

4. Replace Delco Bose® Amplifier Relay. 

G: ANTENNA TEST 

Check for a tight connection of the coaxial 
cable at the Radio and at the Antenna. 

Choose a test antenna that is designed for the 
Radio installed and connect it to the Radio. 
Make sure the test Antenna is grounded to the 
vehicle chassis and keep hands off the mast. 

• If the reception improves, the problem 
exists in the Antenna or its lead-in cable. 
Refer to the Delco Sound Service Guide for · 
Lead-In Cable diagnosis. 

• If the reception is still poor, remove the 
Radio for service. 
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RADIO 

H: AMPLIFIER/SPEAKER UNIT TEST 
(TABLE 1) 

Measure: VOLTAGE 
At: SUSPECT AMPLIFIER/SPEAKER UNIT 

CONNECTOR (Disconnected) 
Conditions: 

• Ignition: RUN 
• Radio:ON 

Measure Correct For Diagnosis 
Between Voltage 

A(PNK/BLK) Battery See 1 
&Ground 

A(PNK/BLK) Battery See2 
&F(BLK) 

• If all voltages are correct, go to Table 2. 

1. Check/repair PNK/BLK (943) wire. 

2. Check/repair BLK (151) wire. 

H: AMPLIFIER/SPEAKER UNIT TEST 
(TABLE 2) 

Measure: AC VOLTAGE 
At: SUSPECTED AMPLIFIER/SPEAKER UNIT 

CONNECTOR (Disconnected) 
Conditions: 

• Ignition Switch: RUN 
• Radio: ON (Tuned to strong signal) 
• Voltmeter: ON LOW AC VOL TS SCALE 

Measure Correct 
For Diagnosis 

Between Voltage 

TerminalC& Varying 
TerminalD 

(see around 1 volt See 1 

schematic) A/C 

• If voltage is correct, remove speaker from 
enclosure and go to Table 4. 

1. Go to Table 3. 

H: AMPLIFIER/SPEAKER UNIT TEST 
(TABLE 3) 

Measure: AC VOLTAGE 
At: RADIO CONNECTOR (Connected) 
Conditions: 

• Ignition: RUN 

• Radio: ON (Tuned to a strong signall 
• Voltmeter: ON LOW AC VOL TS SCALE 

Measure Correct 
For Diagnosis 

Between Voltage 

Radio output Varying 
terminals of around 1 volt See 1 suspect AC 

speaker 

• If voltage is correct, check/repair the 
wires between the Radio and the suspect 
speaker. 

1. Remove the Radio for repair. 

(Continued on next page) 
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RADIO 

(Continued from previous page) 

H: AMPLIFIER/SPEAKER UNIT TEST 
(TABLE4) 

Connect: ANALOG OHMMETER 
At: SUSPECT SPEAKER 
Conditions: 

• Ohmmeter set on R x 1 scale 
• Speaker removed from Amplifier/ 

Speaker unit enclosure 

Action Correct Result For Diagnosis 

Connect 
Ohmmeter Speaker 

See 1 across speaker "pops" 
terminals 

• If the result is correct, replace the Ampli-
fier/Speaker Unit. 

1. Replace the problem speaker with a new 
one. 

SYMPTOM 

1. Harsh popping noise that changes with 
engine rpm. 

I: NOISE DIAGNOSIS TEST 
Unplug the Antenna at the back of the Radio. 

• If the noise disappears, it was being picked 
up by the Antenna. Consult the Delco 
Sound Service Guide for Antenna noise 
diagnosis. 

If the noise persists, it is coming in the Radio 
wiring. Refer to the following chart for a 
possible cause and corrective action. 

NOISE SYMPTOM TABLE 

POSSIBLE CAUSE 

Ignition noise 

For more detailed noise repair procedures 
consult the Delco Sound Service Guide. 
Service procedures are given for: 

• Accessory noise 
• CB antennas and noise 

• Computer noise 

• Shielding of wiring and components 

• Locating vehicle noise. 

REPAIR ACTION 

• Perform the steps under Ignition Noise 
p. 150-1. 

(Continued on following page) 
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RADIO 

(NOISE SYMPTOM TABLE continued from facing page) 

SYMPTOM POSSIBLE CAUSE 

2. High whine like a siren that changes with Generator noise 
engine rpm 

3. Noise occurs only when an accessory is on Condition in that accessory 

4. All stations weak, noisy (both AM and FM) Defective Antenna or lead-in wire 

5. AM only weak, noisy AM alignment 

6. FM only weak, noisy · FM alignment 

. 7. Noise present with engine not running. ECM or Digital Cluster 

REPAIR ACTION 

• Add filter package 1224205 to power and/or 
memory lead to the Radio. See Fig. 2, 
p.150-9. 

• By-pass the Generator output with a 250 
MFD 100 v capacitor. See Fig. 3p. 160·9. 

• Install a dedicated ground strap on the 
Radio. See Fig. 1 p. 150·9. 

• Run a direct wire from Battery to Generator. 
• Exchange the defective Radio with a good 

Radio. If noise disappears, send the defective 
Radio for repair. 

• Replace Generator . 

• Install filter package 1224205 in the power 
lead(s) to that accessory. See Fig. 2 p. 160-9. 

• Install a .5 MFD by-pass capacitor and the 
power lead to that accessory. 

• Consult Delco Sound Service Guide 

• Temporarily replace the Antenna with 
another one. Repair/replace the defective one 
if the Radio reception improves. Check at the 
Antenna coaxial cable, and the connector. 

• Remove Radio for repair. 

• Remove Radio for repair . 

• Install filter package 1224206 in the power 
leads to the Electronic Control Module (ECM) 
and Instrument Panel Digital Cluster. 

(Continued on next page) 
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RADIO 

(NOISE SYMPTOM TABLE continued from previous page) 

SYMPTOM 

8. Noise that stops when Antenna is unplugged 
from back of Radio 

TO GOOD, 
'-UNPAINTED 
~ GROUND 
.1/ /// v 

Figure 1. Cut the ground wire (see schematic) 
and run a braided ground strap from the case 
of the radio to a good unpainted body ground. 

POSSIBLE CAUSE 

Antenna noise 

TO GROUND 
(TRY GROUNDED AND UNGROUNDED) 

/ -

BATTERY OR IGNITION 
INPUT FROM FUSE BLOCK 

BATTERY OR IGNITION INPUT TO 
SUSPECT ACCESSORY OR RADIO 

Figure 2. Install a 1224205 filter package. 

REPAIR ACTION 

• Replace defective Antenna with a good 
Antenna. If noise disappears repair or replace 
the defective antenna. Check antenna ground, 
coaxial, braid and grounds at connectors 

• If noise persists with replacement antenna, 
the problem must be repaired at the source of 
noise (Generator, Ignition System, accessory, 
etc). See Delco manual for noise "sniffing" 
procedures. 

250 MFD 
100V CAPACITOR 

ALTERNATOR 

-=~-, 07 LEAD 

Figure 3. Install a 250 MFD 100V capacitor on 
the alternator output lead to ground. 
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RADIO 

IGNITION NOISE 
Try the following fixes in the given order. 

1. Check for loose or defective spark plug wire. 

2. Check for defective spark plug. 

3. Move all wiring away from the Ignition Sys
tem and spark plug wires. 

4. Reroute spark plug wires laying against any
thing that could possibly transmit noise to 
the Radio (car wiring or sensor leads that 
travel into the passenger compartment). 

5. Check the ground from engine to firewall, 
install a braided ground if necessary. 

6. Install a braided ground strap on the hood. 

7. Check heater core ground, clean or install 
braided ground strap if necessary. 

8. Check air conditioner accumulator ground, 
clean or install a braided ground strap if 
necessary. 

CIRCUIT OPERATION 
With the Ignition Switch in ACCY or RUN, 

voltage is applied through the Radio Fuse to 
the ON-OFF Switch of the Radio. 

When the Radio is turned on, voltage is 
applied to the Radio's solid-state circuitry and 
display. 

Voltage is available at all times through the 
ARC Radio Fuse to power the digital clock and 
memory related functions. This allows the clock 
and memory functions of the Radio to con
tinue operation with the Radio off. 
Delco-Bose® Music System 

The Delco-Bose® Music System consists of 
Electronic Radio and four Amplifier/Speaker 
units. Each Amplifier/Speaker Unit has a 
speaker assembly, and an amplifier to power 
the speaker. The speakers have been carefully 
designed and positioned to utilize sound reflec
tions from windows and other parts of the car 
interior. The result is balanced sound for every 
listening position in the car. This ends the need 
for a left and right balance control. 

Power for the Radio is available through the . 
Radio Fuse with the Ignition Switch in ACCY 
or RUN. When the Radio is turned on, voltage 
is applied through the Radio to the Delco
Bose® Amplifier Relay. The Relay contact 
closes to power the Amplifier/Speaker Units. 

The Radio receives voltage through (On-Off 
Switch) four paths: 1) RADIO Fuse to the On
Off Switch from the YEL wire, 2) ARC Radio 
Fuse which keeps the solid state clock, date, 
and Radio station memory circuits alive when 
the Ignition Switch is turned OFF (ORN wire), 
~) an Instrument Panel lamp voltage controlled 
by Panel Interior Light Control to the Radio 
Panel Light (GRY wire), 4) a Digital Dimming 
voltage from the Light Switch (BRN wire). 

The Radio also applies battery voltage to the 
PNK wire to operate the Power Antenna and 
energizes the Delco-Bose® Amplifier Relay (if 
equipped). 

00 
J> 
I -CJ1 
0 
... 
0 

i 
~ 



CAMARO 

~ 
z 
<( 
-I 
ca 

BA- 1.50 - 11' 



POWER ANTENNA 
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POWER ANTENNA 

TROUBLESHOOTING HINTS 
• Try the following checks before doing· the 

System Check. 

l. Check RADIO Fuse by turning the Radio on 
and noting that the display lights come on. 

2. Check ACC Fuse by opening a door and not
ing that the Courtesy Lights come on. 

3. If Power Antenna goes up or down only part 
way, check Power Antenna Mast for bent or 
dirty condition. Refer to Section 9-4 for clean
ing and lubricating procedures. 

• Go to System Check for a guide to normal 
operation. 

• Go to System Diagnosis for diagnostic tests. 

SYSTEM CHECK 
• Use the System Check Table as a guide to 

normal operation. 

• Refer to System Diagnosis for a list of symp
toms and diagnostic steps. 

SYSTEM CHECK TABLE 
ACTION NORMAL RESULT 

With Ignition Switch Antenna Mast rises 
in RUN or ACCY, to full height 
turn the _Radio on, (approximately three 
tune in a local feet). 
program Radio receives 

strong broadcast 
signals. 

Turn Radio off Antenna Mast 
retracts into fender. 

• Refer to System Diagnosis when a result is 
not normal 

COMPONENT LOCATION Page-Figure 

Antenna Motor. . . . . . . . . . . . . . . . . . Behind RH front wheelhouse, between fender 
panels .. . ..... . ..... ..... ...... . . .. .... . 201-10-D 

201-10-D Antenna Relay . . . . . . . . . . . . . . . . . . Behind RH side of 1/P, near ECM ...... .... . . . 
Delco-Bose Amplifier Relay. . . . . . . . Behind RH side of 1/P 
F'use Block. . . . . . . . . . . . . . . . . . . . . . Behind LII side of 1/P . . . ..... . ............ . 201 -12-A 

201-12-A 
201-12-A 
201-15-B 

C208 (1 cavity) ..... . ............ Behind LH side of 1/P, above fuse box . ... .... . 
C233 (2 cavities),41,-~~ ~-..,,V'l"'!"- "·":-•~--~:Dehimizcenter of 1/P, taped to 1/P harness ... .. . 
G320 . . . . . . . . . . . . . . . . . . . . . . . . . . Behind RH side of I/P, near Antenna Relay .. .. . 

SYSTEM DIAGNOSIS 
• Diagnostic steps for the symptoms listed in 

the following table are listed after the table. 

SYMPTOM TABLE 
A: Power Antenna will not extend or retract. 

B: Power Antenna goes up and down properly, 
but the Radio does not receive. 

A: POWER ANTENNA WILL NOT 
EXTEND OR RETRACT (TABLE 1) 

Measure: VOLTAGE 
At: ANTENNA RELAY CONNECTOF\.C1 

(Disconnected) 
Conditions: 

• Ignition Switch: RUN 
• Radio: ON 

Measure Correct 
For Diagnosis 

Between Voltage 
Of Incorrect 

Results 

A(ORN)& 
Battery See 1 

Ground 

A (ORN) & C 
Battery See2 

(BLK) 

(Continued in next colurrm) 

(Continued from previous column) 

B (PNK) & I Battery j See 3 
Ground 

• If all the above voltages are correct, go to 
'Thble 2. . 

1. Check ORN (40) wire for an open. 

2. Check BLK (150) wire for an open to 
ground. 

3. Check PNK (143) wire for an open. If wire 
is OK, refer to Section SA-150 for Radio 
diagnosis. 

A: POWER ANTENNA WILL NOT 
EXTEND OR RETRACT (TABLE 2) 

Connect: FUSED JUMPERS 
At: ANTENNA RELAY CONNECTORS C1 & 

C2 {Disconnectedl 

Jumper From Correct ResuJt For Diagnosl$ 

Cl/A (ORN) to 
C2/B(DK 

GRN) Antenna Mast-
See'l and extends 

C2/A (GRY)-to 
Cl/C (BLK) 

~ 

I 
0 
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I .... 
(JI .... 

(Contmued on next page) ... 



POWER ANTENNA 

(Continued from previous page) 

Cl/A (ORN) to 
C2/C (WHT) 

and Antenna Mast See I C2/B (DK retracts 
GRN) toCl/C 

(BLK) 

• If all the results are correct, replace the 
Antenna Relay. 

1. Replace Antenna Motor. 

B: POWER ANTENNA GOES UP AND 
DOWN PROPERLY, BUT THE RADIO 
DOES NOT RECEIVE 

Test the Antenna by plugging a replacement An
tenna into the coaxial cable connector. Ground 
the base to the car body (bare metal, not a 
painted surface) and do not hold the Antenna 
Mast. 

• If the Radio works with a substitute An
tenna, repair or replace the Power An
tenna. See Section 9 for diagnostic and in
stallation procedures. 

• If the Radio does not work with a sub
stitute Antenna, refer to Radio System di
agnosis page 150-4. 

CIRCUIT OPERATION 
When the Radio is turned on, voltage is avail

able through the RADIO Fuse and the Radio 
Switch to the Antenna Relay coil. The coil is 
grounded to ground G320. The Antenna Relay 
contacts close, and battery voltage is supplied to 
the Antenna Motor through the ACC Fuse, the 
relay contacts, and the DK GRN wire. The other 
motor terminal is grounded through the UP 
Switch, the GRY wire, and the relay contacts to 
ground G320. The motor drives the Antenna up. 
At the end of its travel, the UP Switch opens and 
the motor stops. 

When the Radio or Ignition Switch is turned 
off, the circuit through the Antenna Relay coil is 
opened. The contacts open to the position shown 
in the schematic, applying battery voltage to the 
WH'l' wire. The DK GRN wire is now grounded. 
Since the DN Switch at the Antenna is now mak
ing contact with the WHT wire, the voltage to 
the motor has reversed polai-ity. It runs in the 
opposite direction and drives the Antenna down. 
At the end of the Antenna's travel, the DN 
Switch opens and the motor stops. Both sets of 
switches are now in the places shown in the sche
matic with the Radio off and the Antenna down. 

The Antenna is connected to the Radio by the 
coaxial cable. 
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COMPONENT LOCATION VIEWS 

S171 
S173 

S174 \ ll) ~ 

C113 r'i: 

~'\ ,:~t~~ 

ELECTRONIC SPARK 
TIMING (EST) DISTRIBUTOR 

'----

FUEL PUMP/ 
OIL PRESSURE 
SENDER/SWITCH 

Figure A - LH Side of VIN S Engine Compartment 

12 H7 . 1 

6117 
6118 

OXYGEN 
SENSOR 

~ '\~~'\, 
Cc~ ~~(/.. 

~\ 12H6.2 

Figure B • Top Rear of VIN S Engine 

<.r.~~~1-, 
~<tr.(,~ 

OIL 
PAN 

12H5.3 

Figure C - Lower RH Side of VIN S En,in1t 
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COMPONENT LOCATION VIEWS 

i\\o"-°' 
'oft"\\ 

WIPER MOTOR 
MODULE 

C104 

"- I 

1 
~~:,"---._.__ WASHER 

-MOTOR t 
~),A 

POWER STEERING CANISTER PURGE 
SWITCH SOLENOID VALVE 

Figure A • LH Side of VIN S Engine Compartment 

A/C COMPRESSOR 
CONTROL RELAY 

12HB.1 

A/C HIGH PRESSURE 
SWITCH CONNECTOR 

~.-c-~o+ 
:-C-A .,. 

c.-9~ . 

COOLANT 
TEMPERATURE 
SENDER 

I✓ 

12H7.2A 

Figure B • Top LH Front of VIN S Engine 

'°;'9o+,. 
l'..q,9 

S172 

6117 S167 12H7.2C 

Figure C • Top LH Rear of VIN S Engine 
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COMPONENT LOCATION .VIEWS,:·' 

C1!4 S175 

6115 

S163 S218 ____ ,;::;;-:iiM•~~-

ELECTRONIC VACUUM 

STARTER 
SOLENOID 

REGULATOR VALVE (EVRV) 

FUSIBLE 
LINKS A,B,G 

Figure A - RH Side of VIN S Engine 

IDLE AIR 
CONTROL STEPPER 
MOTOR 

THROTTLE 
POSITION 
SENSOR 
CONNECTOR 

,('-9. 
O,c- O,i,J' 

l',1,4j), 

12H5.1 

:::_~> ,r ,,,. 
_,,.,, / #.I 

IN-LINE 
FUSE .NO. 4 

FUS~lB ~ ~-- ·~,~~~-'/) 
·- ~ . 11 -"" 

. ;;: . l . ·, .• ... ' 

-----· - ·- · - ~ ' < •. • - I · , Ji,.,_ _ • ~D 

011,. 

/ 

4,9 
. I . -- - . - - - -·- - . >-

_JI -: : { ~-~- ---) . 

JUNCTION 
BLOCK l 12H6.6 

Figure 8- RH Front Corner Of VIN S 
Engine Compartment 
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Figure C · Top Rear_ of VIN E Engine 
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COMPONENT LOCATION VIEWS 

FAN A/C 
PRESSURE SWITCH 

MASS Al R FL OW MANIFOLD 
TEMPERATURE 
(MAT) SENSOR 

/:110"'.,. Jill 
O,: Cllll p 

12H6.1 

Figure A - RH Side of VIN S Engine 

STARTER 
SOLENOID 

DETONATION 
SENSOR 

12H11.3 

Figure B • lower RH Rear of VIN E Engine 

MANIFOLD AIR 
TEMPERATURE{MAT)SENSOR 

12H11.4H 

Figure C • Top Rear of VIN E Engine 

HEAVY DUTY COOLANT 
FAIi.! SWITCH 

FUSIBLE 
LINKS A, B, G 

,,c--9. 
O,,c-t:'.0+,-_.. 

"l-9~ 

12H15.2A 

Figure D - RH Side of VIN F Engine 
(VIN Band VIN E Similar) 
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. :- O.c- O+)' 
EXHAUST GAS J?- ""'9-9 M 
RECIRCULATION • 
(EGA) SOLENOID 
CONNECTOR 12H16.2C 

Figure E · Top RH Side of VIN F 
Engine (VIN 8 Similar} 
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c ·oMPONENT LOCATION VIEWS r .. . . . 

ELECTRONIC SPARK 
TIMING (EST) DISTRIBUTOR 

\ 

C114 ,~~~----~ 

---G112 

I 
~ 

POWER STEERING COOLANT TEMPERATURE 
SWITCH SENDER 

Figure A - LH Side of VIN E Engine Compartment 

lllli S145 

FUEL PUMP/OIL PRESSURE 
SENDER/ SWITCH 

~~'\ 
... ~~ fi.,~~ 

llllllllt \)~ 

12H12. 1 

COOLANT TEMPERATURE SENDER 

C143 i 
~~ 

~ \ -

7. ~/ ••::.,/= '.1 I • • • 
--C.~k~---

-~ ;;.~ 

'f' ~· 
, .C-,904" 1 FUEL PUMP/ OIL PRESSURE 

0,: f.'. 'I' SENDER/ SWITCH "'~ 12H17.4 

Figure B - Lower LH Side Of VIN F Engine 
(VIN 8 Similar) 
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Figure C - LH Side of VIN F Engin~ 
(VIN 8 Similar) 
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COMPONENT LOCATION VIEWS 

MANIFOLD ABSOLUTE 
PRESSURE(MAP)SENSOR 

EXHAUST GAS RECIRCULATION 
(EGR) SOLENOID 

IDLE AIR CONTROL 
STEPPER MOTOR 
~ - FUEL INJECTOR 

CONNECTORS 

THROTTLE POSITION 
~iwt SENSOR 

S163 ~ 

~-9. 
0~ 04,,. 

"4-9~ 

~ -"-~~ 
A/C HIGH PRESSURE 
SWITCH CONNECTOR 

Figure A - RH Front of VINE Engine Compartment 

A/C COMPRESSOR 
CLUTCH CONNECTOR 
(DIODE INSIDE) 

12H11 .1 

Ffio11,-
0FC141i. 

l'"<> . }~ ff / /4/( 
tc:~~,~~f3 

6100-~ 

12A1.3 

Figure 8 - RH Front of VIN F Engine 
Compartment (VIN 8 Similar) 

IN-LINE iG101: 
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LI 

C148 

-/ 

~ ,.;;-A? 'II~ .// ,, , 1'. . , 
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C41/ 

Figura C • Lower RH Front of VIN F 
Engine (VIN 8 Similar) 
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COMPONENT LOCATION VIEWS 

S185 
S186 ·s175 
S187 S188 

DETONATION 
SENSOR 

ELECTRONIC SPARK 
CONTROL(ESC)MOOULE 

COOLANT TEMPERATURE 

FUSIBLE 
LINKS E 
ANDJ 

SENSOR 

VALVE 
ND AIR SELECT VALVE 
ONNECTORS 

J:110"',.. JI& 
o,: c,q,., ~ 

12H10.1 

Figure A• RH Side of VIN E Engine Compartment 

,IC''9o 
o,IC'e. ~J-M 

"''9p 
12H16.3E 

Figure B · Top RH Rear of VIN F 
Engine (VIN 8 Similar) 

MANIFOLD AIR TEMPERATURE 
(MAT) SENSOR CONNECTOR 

~,IC''9o+ 
',t-(.'. .,. 

"l,9 

S173 
S174 

r •c. S185 

EGA VACUUM SENSOR 
DIAGNOSTIC CONNECTOR 6112 

12H17.3B 

Figure C -Top Rear of VIN F Engine 
(VIN 8 Similar) 
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COMPONENT LOCATION VIEWS 

/ V" • / A_ ,_, 

··--{>;;: 
·,_ ---1 
·,,J/✓ \( 

---,,,,,, ... .... 

FUEL INJECTOR 
CONNECTORS 

S110 

FUEL PUMP 
RELAY 

BURN-OFF 
RELAY 

/ "'- ' 

✓~~' ~~ 
ELECTRONIC SPARK 
CONTROL (ESC) 
MODULE 

~'\ 

~:~~►► 

MASS AIR 
FLOW (MAF) 
SENSOR 
CONNECTOR 

S163 

Figure A - LH Side of VIN F Engine Compartment (VIN 8 Similer) 

12H17.1 

A/C COMPRESSOR ~ Iii 
CLUTCH DIODE 2< 

(INSIDE 
CONNECTOR) 

A/C HIGH 
PRESSURE 
SWITCH 
CONNECTOR 

~~CMPRESSOR~~ 
CLUTCH _,., .,,,. 

/ / 
~ /4\h~ 

' 
--~;~ ·· 
-~ ~ 
()(c ~t:, 

12H15.3 

Figure B - RH Front fo VIN F Engine 
(VIN 8 and VIN E Similar) 

IDLE AIR 
CONTROL 
STEPPER 
MOTOR 

.C--90. 
O,c-e, it)' M 

4-9~ 

THROTTLE POSITION 
SENSOR 

T 
RATURE 
R 

12H16.2B 

Figure C -Top Front of VIN F Engine 
(VIN 8 Similar) 
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COMPONENT LOCATION VIEWS 

~ ~1 "'-~- ~ "'~ ll_ -r' 
~-(~ 

S122 >fu -~ 

HEAVY DUTY COOLANT 
FAN RELAY 

S121 

COOLANT FAN 
RELAY 

C101 

~ 

S119 

t:11011.,. 

0,: C,qll -

12H16.1 

Figure A - RH Front of VIN F Engine Compartment (VIN 8 Similar) 

~ 
... "'\ 

\)"' 
~~ .... '<.~('~ 

,;:--.._~ . ... ~ " ;,;?-
/ 

(.; ~C< VACUUM 
TANK 

12H12.2B 6N46.1 

Figure 8 - LH Rear of Engine Compartment Figure C - LH Side of Engine Compartment 

CRUISE 
CONTROL 
SERVO 

:% = t· ... _ 
// 

!,I 
t. / c323 

~~~ 
~~ "->~~ 
~~« 

12H31, 1 

Figure D - LH Side of Engine Compartment 

WASHER 
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RESERVOIR 
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12H3.2A 

Figure E - LH Front of Engine Compartment 
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COMPONENT LOCATION VIEWS 

I 
S2\10 -.· ) I ·. 
\ ~~ 

-,, 

C105 

FUSIBLE 
LINKS A, 
BAND G 

C106 
S108 
S175 

AIR DIVERTER 
VALVE AND AIR SELECT 
VALVE CONNECTORS 

t:110 
Ot: ,i,J-_M 

l'411~ 

12H16.1 

Figure A - RH Side of VIN F Engine (VIN 8 Similar) 

IGNITION 
COIL 

~✓ 6118 

,It'-'}. 
O,t- O♦ 

(! ')' 
~"9 

12H16.2D 

Figure B - Top Rear of VIN F Engine 
(VIN 8 Similar) 
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SWITCH 
CONNECTOR 

12H21 .1 

Figure C - LH Side of Manual Transmission 
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COMPONENT LOCATION VIEWS 

G104 

BLOWER 
RESISTORS 

~~\_,._, BRAKE FLUID LEVEL 

~-. ~-, :~. F:-l.7-'-_; ,~ ~:- _ ., SWITCH CONNECTOR 

~ - ' :.: · ~(o -~-~-- ~6103 
#" _ _,,,-:~~YI I •/ I ' . • • . ., • 

~r,ro~@i~ \ ;a_·"~ . . '{_j '/I~ 'ttft7J . ., I" S105 
- ~~- _ • -1 S125 

11 S109 ""._<,,. -/ · ~l If ¾ ,:, ,. "' .'J , J_____ -. S150 
17 

,/ 

\ 
,,.- / .llUJ S106 

._,,.,.,,,.,✓ 

Figure A • Front of Engine Compartment 
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o,(' "- Jt" M 
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f:110 
0,: ~,. .. 

e.1111 fJI 

12H3.1 

HEATER WATER VALVE 
VACUUM MOTOR 

PRESSURE CYCLING C105 
SWITCH 

Figure B • RH Rear of Engine Compartment 

12H43.3A 

S123 . C106 

f:110,t}" 
Of: t.ql/, 

IN-LINE 
FUSE NO. 1 

C112 

12H47,1 

Figure C • RH Rear of Engine Compartment 
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COMPONENT LOCATION VIEWS 

HEADLIGHT 
DIMMER 
SWITCH 

C240 

S228 

Figure A - Behind LH Side of 1/P 
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lllllllt ~'< 

12H26. 1 

PASS KEV DECODER 
MODULE 

'°:,90,.,,. 
CAl,9 

Figure B - Below LH Side of 1/P 
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Figure C - Below Steering Column 
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COMPONENT LOCATION VIEWS 

S203 TURN 
~17 FLASHER 
S230 

S229 - ff_ ~l'JIJJtwi. 

S276---a... 

I 
CONVENIENCE 
CENTER 

.G200 

ASSEMBLY LINE DIAGNOSTIC 
LINK (ALDL) CONNECTOR 

~"' ,f:: tfl-\\ ' 

S204 
SJD1 

C214 

ru/~\tvll\-Vff 11111111: c S164 
VAfJ~ if# ~ ~24 

~ S104 
~ , -s201 

S223 

C238 C243 

12H25.1 

Figure A • Behind LH Side of I/P 
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CONTROL 
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Figure B - Below LH Side of I/P 
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COMPONENT LOCATION VIEWS 

- F11otvr 
OF C,qll 

C235 :::~~ 

MULTI• 
FUNCTION 
LEVER 

... FRONT 
,. OF CAR 

C235 

C203 

Figure A • Behind 1/P 

TURN/HAZARD 
SWITCH 
LOCATION 

HORN SLIP 
RING, HORN 
BRUSH, AND 
HORN SWITCH 

• LOCATION 
IGNITION KEY 
WARNING SWITCH 
LOCATION (BELOW 
TURN/HAZARD 
SWITCHl 12CB.1 

Figure B - Steering Column 

C243 

CLUTCH 
PEDAL 

Figure C • Below LH Side of 1/P 

12H46.1 

o~llo_. 
'I: l'. ,,.. 

411 

12H37.1C 

ELECTRONIC 
CONTROL _.-------:--
MODULE (ECM) ~ " 

ANTENNA 
RELAY 
AND 6320 
LOCATION 

S14 
S14 
S16 
S1 

~~ 

"t/(~~~'1-~ ~ S169 
~~\ S170 

Figure D • Behind RH Side of 1/P 

S233 

,, f:110,,.,. 
0,: C. 

411 

6309 

Figure E • Under Console 

12H27.1 

12L14.1 

~ 
:s:: 
► ::r, 
0 

CD 
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I 
N 
0 
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COMPONENT LOCATION VIEWS 

RADIO 

~~ . 

~ -
r...1 ~ -

- 0 

~ii 
----!_~ 

_J-

,.,,~ S240 

---....___S241 

Figure A - Behind 1/P 

~~'\ ... ~~ ~~~ 
~~\ 

12H38,3 

Figure B - Behind Radio 

11-03-04-2 

-;:::;;::::-
PARKING BRAKE 
SWITCH 

C241 
12H28.1 

Figure C • 11nifer Console 

RELEASE 
SWITCH 

f\\0~1 -
of cP.~ 

\(:~' -

~
. ~ --· .J.Cr- .. ------~ ~;. --~ ...... _ 

~<.---~ ~.,. - ' l ~ "'- .... -~1- : c---
...._, -~J.~e?:~ -. ,;;.i· ···;;1· .:,--~-"\.;r· -----=---c;::--- ~ ---~-.,:- • -~~---~ -· ' <~ ~ /r~ -~~ ,,.,,.; ., ·•- -1•/T"'-- .. JI , • .-. .. ;,,,. ¥ ..,,. ~ ~ ~ --;~ft:,:· .. ~i{J, . -- .... -··--.• 

';J <t'.!J / ~--\\ \ 
\\ \ 

HATCH RELEASE C241 
RELAY 

Figure D - Under Console 

.t',9. 
O.,c, O,t"M 

C41/~ 

12L15.1 

12H28.2 

Figure E- Below Automatic Gear Selector in Co11sole 
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COMPONENT LOCATION VIEWS 

~6108 

BLOWER 
RESISTORS 

~o~°' 
~ ofr~.,.~ 

Figura A• RH Front of Dash 
(Without A/C) 

12H43.1 

ELECTRONIC ~ ----
CONTROL ' ' e e ANTENNA 
MODULE (ECM) ~ ..... RELAY 

s-~ 
~c::,~ ,.~.;::;: ,~"'"' 

/ 6320 
12L9.1 

Figure B · Behind RH Side Of 1/P 

UPPER MQDE REC.IRCULATING-OUTSIDE 
·VACUUM MOTOR AIR VACUUM MOTOR 

EAT-DE FRO 
CUUM 

0~ -,v,
C411 

C202 , 2 H 44 .2 

Figure C - Behind 1/P (CHO Manual) 

f\\()~~ ~ 
of tP..9-Wf 

Figure Q • LH Shroud 

. ,,,,,,,~ 
J,, ' 

/1
11· •, . ( 

,' '11' 1 , • I 11' -> 

~ . ' l{1 f -''.-~-

Jii ··1 ·; ,; ' 

---
/ 

--- -, _jJ ! I I 
6304...--:::~~ .:.-;·. -~ / 

-----:::~ . ' . ..._..._..._J . F< I •. •• / ~~ , II,~:::.,: l•· • . "'-: -~~ .;_ 
S· • •------ • . •• _,,,;: ~ -.....::..-- .__ ' ' 7 .. 

1\ . . ..... 

' . '--, ·,.,._ 
"'. -- .· , •, :---. ,.._-..\.'\ ~ 

' ~ - \II "' ~"" 
C317 · -: . · · 

1 
_\: ~ ~.,.~ 

.. ~ \ 

Figure E · Below Driver's Seat 

fr~o~°'' 
o'<·tt-~ . 

Figure F • Along Driver's Door Sill 
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COMPONENT LOCATION VIEWS 

DOOR WINDOW 

LOCK = DOOR LOCK :=

5
~_ ~=.:==~=====:====·==~~'~M~OTOR CONNECTOR 

MOTOR t SWITCH t - - -
CONNECTOR - CONNECTOR I:; -

,...., -

11120309 

Figure A - LH Door (RH Similar) 

., 

.. ~~a~-< 
~()~~~'?>-

i ""7~~- I r:: ft_,/ i-- . ' 

~ -.~~1~ 
-

12H63.1 83-12-10-2 

Figure B - Behind LH Side of 1/P Figure C - Below LH Front Seat 

DOOR 
LOCK 
RELAY 
ASSEMBLY 
~ 

~~~I)· ... ·" ~~~~ 
~ 

Figure D - LH Shroud 

-
J'~~ /;·, / 

. ' - ~ I . 
·=--. ~- I / / 

--· V . 
§,::,_!, \·- · - ' '\._,.... ' . 

0 L----\ 

/;f. / ~-; \[ 
/ j ✓ ' ~ 

"-- I ~~( ·_ 
C313 , '-- , -~ -

-~ -- ~ '> 
. _... --· /:'~ lt---. ~ --~ 0,:- O,i,J- -

""'"' 
Figure E - Behind Rear Seat 
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COMPONENT LOCATION VIEWS 

C309 

HATCH RELEASE AND PULLDOWN CARGO COMPARTMENT 
ASSEMBLY CONNECTOR LIGHT CONNECTOR 

11090202 

Figure A - Rear of Luggage Compartment 

1 

11090202 

Figure B - Rear of Car 

FftONt .al 
OF CAR,, 

11090205 

Figure C - LH Front Of Luggage Compartment 
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)> 
::rJ 
0 

co 
)> 

I 
N 
0 
~ 

.... .... 



HARNESS CONNECTOR FACES 
BULKHEAD CONNECTOR C100 

..... 
6 II 1817161514111 

E 

~~l 
6 5 4 

D ' 5 4 

C ' 5 4 

B ' 5 4 

A ' 5 4 

BLK 

ENGINE HARNESS CONNECTOR 
(REMOVED FROM C100) 

~, 

) 

r1 Ii. .. 
f • 

~j 
• 
4 

4 

4 

4 

5 6 · 2 

5 6 2 

s ' 2 

5 ' 2 

5 ' 2 

5 6 2 

5 ' 2 

.BLK 
C100 TERMINAL VIEW 

(AS MOUNTED ON COWL) 

SEE NEXT PAGE FOR CHART 

1 

i~ 1 

1 

1 

, 
, I 

1 A 

< ..... 

I 
I 6 

I• T I 3 I D 

1 1 1 2 1 3 1 C 

BLK 
FRONT LIGHT HARNESS CONNECTOR 

(REMOVED FROM C100) 

V42000.0 

~ 
t 
N 
0 
N 
0 

0 
)> 

I 
::D 
0 



HARNESS CONNECTOR FACE$ 
BULKHEAD CONNECTOR C100 

. CAVITY 
WIRE COLOR 

. SCHEMATICS 
SOCKET HALF PIN HALF 

A1 RED RED Headlights: Foglights 

A2 LTGRN LTGRN Headlights (Hi Beams) 

A4 RED RED Power Distribution (Ignition Switch) 

AS - - Not Used 

A6 - . Not Used 

A7 PNKJBLK PNK/BLK Cold Start and Emission Controls (All Engines) 

B1 BRN BRN Lights: Park Front Marker 

B2 TAN TAN/WHT Brake Warning System 

B4 PPL PPL Starting System (Starter Interlock} 

B5 DKBLU DKBLU Ba ck Up Lights (Manual) 

B6 . . Not Used 

B7 · ·- - Not Used 

C1 - - Not Used 

C2 BRN BRN Headlights: Foglights 

C3 DK BLU/WHT PPL Headlights: Foglights 

C4 LTGRN LTGRN Back Up Lights (Manual) 

cs PPL PPL Wiper/Washer 

C6 DKGRN DKGRN Wiper/Washer 

C7 PNK PNK Wiper/Washer 

D1 - . Not Used 

02 - . Not Used 

P.3 - - Not Used 

04 YEL {VB VIN E) . Not Used 

· D5 GRV GRY Wiper/Washer 

CAVITY ' 
WIRE COLOR 

SOCKET HALF PIN HALF 

06 WHT WHT 

E1 - . 
E2 - -
E.3 . -
E4 PPL (VB VIN E) -
ES TAN TAN 

E6 RED RED/BLK 

E7 PPL PPL 

F1 TAN TAN 
, . 

F2 DKBLU DKBLU 

F4 PNK PNK 

FS DKGRN DKGRN 

F6 - -
F7 - -
FS BRN -
G1 DKGRN DKGRN 

G2 LTBLU LTBLU 

G4 TANIWHT TANIWHT 

GS RED RED 

G6 - -
67 . . 
GB - . .. , 

SCHEMATICS 

Tachometer 

Not Used 

Not Used 

Not Used 

Not Used 

Engine 011 Pressure (lnstn.wnent Panel) 

Fuel Control (All Engine) • 

Transmission ConvertEr Clutch (All Engine) 

Headlights (Lo Beams) 

Lights: Turn (RH Front) 

Ignition 
Ignition Coll (V6 VIN S) 
Electronic sgrrk Timing (VB VIN E, VB VIN f 
and ve VIN ) 

Coolant Temperature (Instrument Panel) 

Not Used 

Not Used 

Not Used 

Horn 

Lights: Turn (LH Front) 

Fuel Control (AH Engine) 

Power Distribution (Light Switch) 

Not Used 

Not Used 

Not Used 

~ 
~ 
~ 

; 
I 
N 
0 
N 
.... 



. HARNESS CONNECTOR FACES 

C100, See Page 202-0 

--,...-

BLK 

V06008.1 

C101 

--< +-

q 

BLK 

BLK BLK 

V04011.1 

C105 

:~ A I B I C I D ~:. 

BLK 

BLK 12040754 

C108 

--<+-

V04008.2 

C113 

BLK 

( 

~ 
~ 

BLK 

V06002.A 

C119 

c121~ See C113 

C203, See C119 
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HARNESS CONNECTOR FACES 
C207 

CAVITY 
WIRE COLOR 

PIN HALF SOCKET HALF 

BLK 

BLK 

SCHEMATICS 

A BRN BRN Cold Start and Emission Controls (V6 VIN S) 
Emission Controls 

B PNK 
rK 

Fuel Injectors 
V6 VIN 5) 
ED 

~VBVINV 
LK(V8 INF) 

(V8VIN8) 

C BRN/WHT BRN/WHT ~nltion, Service Engine Soon, and 
achometer 

D BRN . BRN/WHT Coolant Fan 

E WHT/BLK WHT/BLK ~nition, Service Engine Soon, and 
achometer 

F PNK/BLK PNK/BLK ~nition, Service Engine Soon, and 
achometer 

G PNK/BLK PNK/BLK Fuel Injectors 
(V6VIN 5) 
WHT 
~VBVIN ij 

LK~VB INF) 
{VB IN 8) 

I 
0 

-+>-

~ 

WHT 

C207 
V15000.0 

CAVITY 
WIRE COLOR 

SCHEMATICS 
PIN HALF SOCKET HALF 

H TAN/BLK TAN/BLK Engine Data Sensors and TCC 

J ORN ORN Emission Controls.Mass Air Flow Control 
{V6VIN S) 

K BRN BRN Idle sreed Control, Fuel Control and Vehicle 
Data ensors 

L DKBLU DKBLU Not Used (V6 VIN S) Theft Deterent System: 
Pass Key 

M BLK/WHT BLK/WHT Idle seed Control, Fuel Control and Vehicle 
Data ensors 

N ORN/BLK ORN/BLK Idle Sfeed Control, Fuel Control and Vehicle 
Data ensors 

p Not Used ~ 
I 

R PPL/WHT PPl:,,(X6 VIN S) Cold Start and Em'f ion Controls (V6 VIN S) 
PP HT Emission fontrols VS VIN E~ 

Not Used VB VIN F VB VIN ) 
~ 
N 
' · w 



HARNESS CONNECTOR FACES 

~[:JEJIIIIIJIIIIIIIIlctij 
I II O I · 

WHT 

C206 

~ 
~ 

BLK 12020651 

C235 

V08018.0 

l1El@j" tttJ~ E tlW 
BLK 12004147 

C210 

~11° 1+:1~9 
BLK 12010430 

C240 

~Er EJ~ 

1-R®W 
V02014.C 

C211 

WHT 

1 
t 

WHT 

~ 
I 
N 
0 
N 

~ 

~ 

I 



HARNESS CONNECTOR FACES 
JUNCTION BLOCK, C238 

DEFOGGER 

ILK 

POWER FEED FROM 1/P 
HARN ES S, CIRCUITS 
40&60 

POWER 
DOOR LOCKS 

~~~~RRS i al;;; ) I 
BLK 

POWER SEATS: I i§m l;;; ) I 
TliREE MOTOR A 1 

ILK 

WHT 

C238 
V18000.2 

~ 8 p;; POWER FEED FROM IM~-----~""I D FUSE BLOCK CAVITY, 
CIRCUIT76 

POWER 
WINDOWS 

~ 
~ 
:u 
0 

00 
J> 
I 
N 
0 
N 

I 

(11 



HARNESS CONNECTOR FACES 

--< 

mi 
BLK 

C243 

---
~ 

BLK 

V00237.0 

C303 

C304, See C303 

--< +-

WHT 

V02035.0 

C319 

WHT 

__ , ... (-
IE@IHltHI 

BLK 

V06003.A 

C322 

r-- - - - -
A t ~ 

BLK 2973407 

A/C Compressor Clutch 

~~G:l~~ 

BLK 

V00013.4 

A/C Compressor Control Relay 

BLK 

00 
)> 

I 
N 
0 
N 
I 

CD 

(') 
l> 
3: 
l> 
:D 
0 



HARNESS CONNECTOR FACES 

Jq~h 
~ 

r:::=::::J 

BLK 8917372 

A/C Control Head 

BLK 12041139 

A/C High Pressure Switch 

WHT 

V00061.1 

Air Diverter Valve 

r, 

0 
f E O C I A 

0 
G H J K L M 

..... . _,, 

BLK 

ASSEMBLY LINE DIAGNOSTIC 
LINK (ALDL) CONNECTOR 

ml: 
BLK 12015792 

Back Up Switch 

V00287 .1 

GRY 
BLOWER HIGH SPEED 

.RELAY 
V00488.0 

GRY 02965019 

Blower Resistors with A/C 

~ 
7ml 

BLK 6288317 

Blower Resistors with Heater 

~ 
i: 
l> 
:::11 
0 

; 
I . 

~ 
N 
I ..., 



HARNESS CONNECTOR FACES 

BLK 12020813 

Blower Switch 

• a C1 WHT 

a BLK 

~ 
C3 BLU 

V00240.0 

Brake Switch 

GRV 

BURN-OFF RELA V 

qfilGp 
BLK 08900863 

Cargo Compartment Light 

BLK 1204 1296 

Cigar Lighter 

9 
BLK 

V00241.0 

Clutch Switch 

oo D m 
O O mm 

mo:::11:nm 
mmmm 

IUZZ 

BLK 

CONVENIENCE CENTER 

yoo21,.1 

i 
I 
N 
0 
I\) 

I 

00 

~ s: 
J> 
::g 
0 



HARNESS CONNECTOR FACES 

QI 
BLK 12033769 

Coolant Fan 

COOLANT FAN RELAY, 
SEE BURN-OFF RELAY 

@ 
I c:= I 

BLK 12040753 

Coolant Temperature Sensor 

nE)E] 
71 r,:iD 

BLK 

CRUISE CONTROL MODULE 
V00286.0 

A B C D E 

GRY 12020646 

Cruise Control Servo 

(;II]OO[I]D 
mcom 

BLK 

V00175.0 

Defogger Control 

0 0 

1..-=-,,.1 E3 

E3 

o □ o 

WHT 12015645 

Dome Light 

i 
BLK 12004140 

Door Lock Motor (LH) 

Door Lock Motor (RH), 
See Door Lock Motor (LH) 

~ 
~ 

BLK 12015683 

Door Lock Switch (LH) 

Door Lock Switch (RH), 
See Door Lock Switch (LH) 

0 
l> 
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l> 
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I 
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N 
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HARNESS CONNECTOR FACES 

~ 
~ 

BLK 02965810 

Dual Beam Headlight (LH) 

Dual Peam Headlight (RH), . 
See Dual Beam Headlight (LHI 

ELECTRONIC CONTROL MODULE, 
SEE ENGINE CELLS 20 THROUGH 23 

TJ 
BLK 12015982 

Electronic Spark Control Module 

GAl ■ ICIDI 
E:::I ~ 

C1 BLK C2 BLK 

ELECTRONIC SPARK TIMING 
DISTRIBUTOR {V6 VIN S) 

11
D 

@ C 

@a 
@1 A 

V00321.0 

BLK 12015797 

Electronic Vacuum Regulator Valve 
(EVRV) 

Exhaust Gas Recirculation Solenoid 
(VIN F) (VIN 81, See Air Select Valve 

(V8VINS) 

om 
BLK 12020599 

Fog Light (LH) 

Fog light (RH), See Fog Light (LH) 

□ 
□ [:] Q 

□ 
BLK 12034003 

Fog Light Relay 

CZl CD 
C[] [I] r2J 

BLK 

FOG LIGHT SWITCH 
V00452.0 

00 
:J> 
,· 
N 
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N 
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:J> 
3: 
:J> 
::z, 
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HARNESS CONNECTOR FACES 

a.:s 
WHT 

V00186.0 

Forward - Back Motor 

[u[I]G] 
[u[u[IJ 

BLK 

FRONT AMPLIFIER/SPEAKER 
UNIT(LH) 

V0045J .0 

FRONT AMPLIFIER/SPEAKER UNIT (RH), 
SEE FRONT AMPLIFIER/SPEAKER UNIT(LH) 

I 
BLK 12020556 

Front Height Motor 

Fuel Pump Relay, See A/C Compressor 
Control Relay 

oJ-- '=Lo 
(J2; s 1,._c I n j ;: I F lij 

BLK 12015307 

Gear Selector Switch 

[ 
p 

L 

F 

s 

BLK 12045896 

Generator . 

,co
0
rzi) 

C1 BLK C2 GRY 

HATCH CONTACT ASSEMBLY 

12045813 

; 
WHT 

HATCH RELEASE AND 
PULL-DOWN ASSEMBL V 

BLK 08917693 

Headlight Dimmer Switch 

V00454.0 

V0INll5.0 

i 
~ 

~ 
I 
N 
0 
N 
..a 
..a 



HARNESS CONNECTOR FACES 

Heavy Duty Coolant Fan, See Coolant Fan 

HEAVY DUTY COOLANT FAN RELAY, 
SEE BURN-OFF RELAY 

~ 
~ -

BLK 02965809 

Hi Beam Headlight (LH) 

HI Beam Headlight (RH), 
See HI Beam Head&ght (LH) 

,□WO) 
BLK 12047662 

High Level Stop Light 

r~ 
~ B 

BLK 12015798 

Idle Air Control Stepper Motor 

C2 BLU 

V00032.0 

Ignition Switch 

GJ 
tElul! -A 

C1 BLK 

In-Line Fuse No. 2, See Coolant Fan 

In-Line Fuse No. 3, See Coolant Fan 

In-Line Fuse No.4, See Coolant Fan 

BLK 1.2004628 

Light Switch 
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HARNESS CONNECTOR FACES 

·•EIEIElEIL! !.I El El El El l! 
c:::I c:::=I -. --■ c=:::::::i C=:I c:::::J C::::J 

21E]E)(I]'6 -E]E]E)[I]'6 

C::1 BRN C2 GRY 

INSTRUMENT CLUSTER 

MASS AIR FLOW RELA V. 
SEE BURN~OFF RELA V 

ManHold Air Temperature Sensor 
(VS VIN F, VS VIN 8). 

See Coolant Temperature Sensor 

~ 
BLK 12040977 

Mass Air Flow Sensor (V6 VIN S) 

@•l•lclol•@ 
1

8
1 

BLK 1204094 7 

Mass Air Flow Sensor (VB VIN F) 

(V8VIN Bl 

€) 

© 

® 

BLK 

© 

© 

V00184.0 

Outside Mirror Switch 

~ 
i: 
)> 
::z:, 
0 

00 
)> 

I 
N 
0 
N 
~ 

c.., 



HARNESS CONNECTOR FACES 

BLK 

PASS KEY DECODER MODULE 
V00117.0 

Power Steering Switch, See LH fog Light 

CB C 

BLU 

POWER 
WINDOW SWITCH 

V0057l .0 

I 

1 11 1 ,, 1 ,, 1 20 1 1 • 1 , 1 J 1 1 i 

BLU WHT 

RADIO 

REAR AMPLIFIER/SPEAKER UNIT (LH), 
SEE FRONT AMPLIFIER/SPEAKER UNIT (LH) 

• 
BLK 12004827 

Pressure Cycling Switch 

I 

1 10 I 9 I 8 I l I ' I 5 I 

BLK 

V00224.0 

REAR AMPLIFIER/SPEAKER UNIT (RH), 
SEE FRONT AMPLIFIER/SPEAKER UNIT (LH) 

a:L}J 
BLU 

V00185.0 

Rear Height Motor 

00 
J), 

I 
N 

~ 
.... 
~ 
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> ::z, 
0 



HARNESS CONNECTOR FACES 

IJ£]0°[I 
BLK 02984164 

Release Relay 

oon017O 
0 ~~0k((b)0 
00 00000 

I J 

WHT 

V00037.0 

· Seat Switch 

STARTER ENABLE RELAY, SEE 
A/C COMPRESSOR CONTROL RELA V 

rc&m
~~ 

BLK 12015793 

Throttle Position Sensor 

90] 
RED 06288951 

Turn Flasher 

re 
~ 

WHT 12010503 

Transmission Converter Clutch 

(00 EIDG HEID EID El) 
C1 BLK 

WIPER MOTOR MODULE 

Window Motor (LH), 

See Door Lock Motor (LH) 

Window Motor (RH), 

See Door Lock Motor (LH) 

C2 BLK 

V00409.1 

~ 
3!: 
> 
::z:i 
0 
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N 
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HARNESS ROUTING V_IEWS: V6 VIN S 

© © 

© I I C206 1,, [J]; 
I 

FRONT -- -
OF CAR ' '' I HARNESS 

NUMBER 

1 

2 I 

3 

4 I 

5 I 

6 I 

SYMBOLS 

I I • CONNECTOR 

~--- GROMMET 

---- HARNESS 

HARNESS CHART 
(V6 VIN S) 

HARNESS NAME I PAGE-FIGURE 

Front Ligllts 201-10-A 

201-0-A 
Engine 201-1 -A 

201-2-A 

Air Conditioning 201-15-C 

Instrument Panel 201-11-A 201-13-D 
201-12-A 201-17-C 

Cross Car I 201-14-A 
201-16-A 

Rear Lights I 201-17-B 

00 
J> 
I 
N 
0 
w 
0 

0 
> 
3: 
J> 
::D 
0 



HARNESS ROUTING VIEWS: vs VINE, va VIN F, va VIN 8 

I 
I 

C207 

I 
I 
I 

0• I I I I 
I @ 

01 
VB VINE I 

I FUSE VB VIN F 

@_BLOCK VB VIN8 

!) I I C206 rn 
FRONT 

.... -. ... 
OF CAR , .. , I HARNESS 

NUMBER 

1 

2 

3 

4 

5 

8 

I I 

I 

I 

I 

I 

SYMBOLS 

I I • CONNECTOR 

GROMMET 

I HARNESS 

HARNES~~~A:; VIN 8) (VS VIN E, VS V , 

HARNESS NAME PAGE-FIGURE 

Front Lights 201-10-A 

(VIN El 201-8-A 

Engine {VIN Fl (VIN Bl 
I 201-7-A . 201-8-A 

201-9-A 

Air Conditioning 201-15-C 

Instrument Panel ~~t~t: ~~~:~~:~ 
201-14-A I 201-16-A Cron Car 

Rear lights I 201-17-B 

(') 

> s: 
> :;g 
0 

- ... 



LIGHTING SYSTEMS AND HORNS 8~ 1 

SECTION 88 

LIGHTING SYSTEMS AND HORNS 
CONTENTS 

General Description ............................................. 8B-1 
Halogen Bulbs .................................................. 8B-1 
Exterior Lamps ................................................. 8B-1 

Backup Lamps .............................................. 8B-1 
Center High-Mounted Stoplamp .................. 8B-1 
Fog Lamps .................................................... 88-1 
Front Parking/Turn Signal Lamps .............. 8B-2 
Hazard Flasher ............................................. 8B-2 
Headlamps .................................................... 8B-2 
License Plate Lamps ..................................... 8B-2 
Rear Tail/Stop/furn Signal Lamps .............. 8B-2 
Sidemarker Lainps ........................................ SB-2 
Turn Signals .................................................. 8B-2 
Underhood Lamp ......................................... SB-2 
Lamp Switch ................................................. 8B-2 

Horns ................................................................ SB-3 
Interior Lamps ................................................... 8B-3 

gas. 

Courtesy Lamps ............................................ SB-3 
Dome and Reading Lamps .......................... 8B-3 
Cargo Lamp .................................................. 8B-3 

GENERAL DESCRIPTION 
HALOGEN BULBS 

Some bulbs in this vehicle may contain halogen 

CAUTION: Halogen bulbs contain a 
gas under pressure. Handling a bulb 
improperly could cause it to shatter 
into flying glass fragments. To help 
avoid personal injury: 

• Tum off the lamp switch and allow the bulb to 
cool before changing bulbs. Leave the switch off 
until bulb change is complete. 

• Always wear eye protection when changing a 
halogen bulb. 

• Handle the bulb only by its base. A void touching 
the glass. 

• Do not drop or scratch the bulb. Keep moisture 
away. 

• Place the used bulb in the new bulb's carton and 
dispose of it properly. Keep halogen bulbs out of 
the reach of children. 

EXTERIOR LAMPS 
The exterior lighting system includes the 

headlamps, fog lamps, front parking/tum signal 
lamps, rear tail/stop/turn signal lamps, backup lamps, 
license plate lamps, center high-mounted stoplamp, 
and the underhood lamp; it also includes all associated 
wiring, control and related hardware for these lamps. 

BACKUP LAMPS 
The backup lamps are located next to the rear 

license plate. They will come on when the transmission 

On-Vehicle Service ............................................... 8B-3 
Exterior Lamps ....... : ......................................... 8B-3 

Back-Up Lamps ............................................ 8B-3 
Center High-Mounted Stoplamp .................. 8B-3 
Fog Lamps .................................................... 8B-3 
Front Parking/Tum Signal Lamps .............. 8B-4 
Hazard Flasher ............................................. 8B-4 
Headlamps .................................................... 8B-4 
License Plate Lamps ..................................... 8B-4 
Rear Tail/Stop/furn Signal Lamps .............. 8B-5 
Sidemarker Lamps ........................................ 8B-5 
Turn Signal Flasher ...................................... SB-5 
Underhood Lamp ......................................... 8B-5 

Horns ................................. · ............................... 8B-6 
Forward Lamp Wiring ..................................... SB-7 
Interior Lamps ................................................... 8B-7 

Courtesy Lamps ............................................ 8B-7 
Dome and Reading Lamps .......................... 8B-8 
Cargo Compartment Lamp ......................... 8B-8 

Specifications ........................................................ SB-8 

is shifted to "REVERSE" On vehicles with an 
automatic transmission, the backup lamps are 
activated by the neutral start switch. On vehicles with 
a manual transmission, they are activated by a separate 
backup lamp switch on the transmission. For more 
information, refer to TRANSMISSION GENERAL 
INFORMATION AND ON-VEHICLE SERVICE 
(SEC. 7A). 

CENTER HIGH-MOUNTED STOPLAMP 
The center high-mounted stoplamp,in the center 

of the rear spoiler, will come on whenever the brake 
pedal is pushed down. The lamp is powered separately 
from the rear tail/stop/tum signal lamps through a 
separate circuit in the stoplamp switch. For more 
information refer to ELECTRICAL DIAGNOSIS 
(SEC. SA). 

FOG LAMPS 
The fog lamp switch is under the headlamp 

switch, to the left of the steering column. To use the fog 
lamps, first turn on the headlamps or parking lamps. 
Then, push the top of the fog lamp switch to tum on 
the fog lamps. Push the bottom part of the switch to 
tum off the fog lamps. 

The fog lamps should not be used as a substitute 
for the headlamps. 

Switching to high-beam headlamps will tum off 
the fog lamps switching back to low-beams will tum 
the fog lamps on again. 

The fog lamps must be aimed for proper 
illumination of the road. Fog lamp aim should be 
checked: at least once a year; when a new bulb is 
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installed; or if service or repairs in the front end area 
may have disturbed the fog lamp mountings. 

FRONT PARKING/TURN SIGNAL LAMPS 
Pulling the instrument panel switch to the first 

stop will tum on the front parking lamps. When the 
ignition is on and the turn signal lever is move<t the 
appropriate front parking lamp flashes to signal a turn. 
Both lamps will flash when the· hazard flashers are on. 

If the driver's door is opened when the parking 
lamps are on, a warning tone will sound. For more 
information refer to ELECTRICAL DIAGNOSIS 
(SEC. 8A). 

HAZARD FLASHER 
The hazard warning flasher is part of the turn 

signal circuit. Pushing in the button (on the lower right 
side of the steering column) will cause the front and 
rear turn signal lamps, and the front sidemarker lamps, 
to flash. Pull out the collar around the button to turn 
off the hazard flashers. 

The hazard flashers will work with the ignition 
either off or on. When the hazard flashers are on, the 
tum signals do not work. The hazard flasher will still 
remain flashing if the brake pedal is depressed. 

HEADLAMPS 
The headlamps are controlled by the switch on 

the instrument panel (to the left of the speedometer). 
They will come on whether or not the ignition is turned 
on. Pulling the switch all the way out turns on 
headlamps. Pushing the switch all the way in turns off 
the headlamps. 

If the driver's door is opened when the ignition 
is off and the headlamps are on, a warning tone will 
sound. For more information, refer to ELECTRICAL 
DIAGNOSIS (SEC. 8A). 

Headlamp low beam and high beam are 
controlled by the turn signal/multifunction lever on 
the left side of the steering column. When the 
headlamps are on, pull the lever toward the steering 
wheel until the switch clicks; the lamps will change . 
from low-beam to high-beam, or from high beam to 
low beam. An indicator la.mp on the_ center instrument 
cluster will come on when the high-beam headlamps 
are on. 

The headlamps . must be aimed for proper 
illumination of die road. Headlamp aim should be 
checked: at least once a year; when a new headlamp 
bulb is installed; or if service or repairs in the front end 
area may have disturbed the headlamps or their 
mountings. The headlamp bezels do not need to be 
removed to aim the headlamps. 

Headlamp focus is set when the sealed-beam unit 
is made; no adjustment for focus is necessary or 
possible. 

Some state and local laws specify requirements 
for headlamp aim; these laws must be followed. 

LICENSE PLATE LAMPS 
Lamps to the sides of the rear license plate will 

come on when the headlamps or parking lamps are on. 

REAR TAIL/STOP/TURN SIGNAL LAMPS 
. The rear tail/stop/tum signal lamps are part of 
the same lamp assembly. Pulling out the instrument 
panel switch to either stop turns on the taillamps. 
When the brake pedal is pushed down, the lamps glow 
brighter to serve as stoplamps. 

Moving the turn signal lever when the ignition is 
on causes the appropriate rear lamps to flash. (If the 
brake pedal is held ·down and a tum is signalled, one 
side will flash and the other will stay on brightly.) 

All lamps will flash when the hazard flashers are 
on. If the brake pedal is pushed while the hazard 
flashers are on the lamps will continue flashing. 

SIDEMARKER LAMPS 
The front and rear sidemarker lamps will come 

on when the headlamps or parking lamps are on. Both 
front and rear sidemarker lamps also have reflectors; 
they will shine when struck by light, whether or not the 
vehicle's lamps are on. 

If the headlamps or parking lamps are off when 
a turn is signalled, the front sidemarker lamp will flash 
in unison with the front turn signal lamp on the same 
side. If the lamps are on when a tum is signalled, the 
front sidemarker lamp and front turn signal lamp flash 
alternately. 

The rear sidemarker lamps are part of the rear 
tail/stop/tum signal lamps assembly. 

TURN SIGNALS 
The front turn signals are combined with the 

front parking lamps. The rear turn signals are part of 
the rear tail/stop/turn signal lamps. The turn signals 
work only when the ignition is on, and the hazard 
flashers are turned off. 

The turn signals are controlled by the tum 
signal/multifunction lever on the left side if the 
steering column. Moving the lever all the way up or 
down (past the detent) will tum on the turn signals. 
When the turn is completed, the lever will return to 
neutral and the tum signals will stop flashing. 

For changing lanes or shallow turns where the 
steering wheel does not move far enough to cancel the 
signal, move the turn signal lever only to the first 
detent. When the lever is released, it will return to 
neutral and the turn signals will cancel. 

UNDERHOOD LAMP 
The underhood light will come on when the hood 

is raised. 

LAMP SWITCH 
Most exterior lamps are controlled by the switch 

on the instrument panel, to the left of the speedometer. 
Pulling the switch out to the first stop turns on the 
front parking lamps, the taillamps, and the sidemarker 
lamps. (It also turns on the instrument panel lamps}. 
Pulling the switch all the way out turns on all these 
lamps plus the headlamps. Pushing the switch all the 
way in turns off all lamps. For more information on the 



lamp switch and interior lamps, refer to 
INSTRUMENT PANEL, CLUSTER AND 
CONSOLE (SEC. SC). 

HORNS 
The horns are mounted behind the front fascia on 

the driver's side. Pushing the pad in the center of the 
_steering wheel sounds the horn by closing the horn 
relay (in the convenience center behind the instrument 
panel, to the right of the steering column). The horns 
use a solenoid-operated diaphragm to generate sound. 
For wiring and circuit information, refer to 
ELECTRICAL DIAGNOSIS (SEC. SA). 

INTERIOR LAMPS 
COURTESY LAMPS 

Two courtesy lamps under the instrument panel 
will come on when a door is opened, or when the inside 
lamps are turned on. To· tum on the inside lamps, 
rotate the instrument panel switch counterclockwise. 

DOME AND READING LAMPS 
The dome lamp is on the roof between the front 

seats. It will come on when a door is opened, or when 
the inside lamps are turned on. To turn on the dome 
and inside lamp rotate the instrument panel switch 
counterclockwise. 

If so equipped, the reading lamps are part of the 
dome lamp assembly. Push the switch to tum a lamp 
on or off. 

CARGO LAMP 
The cargo lamp is in the rear of the compartment. 

The lamp will come on when the hatch is open and go 
off when the hatch is closed. 

ON-VEHICLE SERVICE 
Wiring diagrams and other diagnosis information 

is givev in ELECTRICAL DIAGNOSIS (SEC. SA). 
Information on properly repairing wire harnesses 
connectors, etc., is included in ELECTRICAL 
DIAGNOSIS (SEC. 8A). 

Most lighting problems are caused by_ loose 
connectors, open or shorted wiring, burned-out bulbs, 
bad switches,inadequate ground or blown fuses. Many 
of these require only replacement of a defective part. 
When replacing a part that requires a special procedure 
(such as a lens and housing assembly sealed together), 
follow the instructions normally included in the 
replacement parts package. 

When removing a part that requires special 
sealing items (such as sealing washers), be sure to 
reinstall those items when replacing the part. Also,if 
any body sealing items (grommets, etc.) are disturbed, 
be sure to repair them so the passenger compartment 
remains properly sealed. 

EXTERIOR LAMPS 

BACK-VP LA)YIPS 
Replacement Bulb: Trade No. 1156, 32 

Candlepower. 
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To replace a back-up lamp bulb, see •Repair 
Tail/Stop/Tum Signal Lamps" in this section. For 
information on the back-up lamp switch in the 
transmission, refer to TRANSMISSION GENERAL 
INFORMATION AND ON-VEHICLE SER VICE 
(SEC. 7A). 

CENTER HIGH-MOUNTED STOPLAMP 
Assembly or Bulb Replacement 

Replacement Bulb: Trade No. 906, 11 
Candlepower. 

l++I Remove or Disconnect 

1. Two Torx®screws from lens. 
2. Lamp Assembly. 
3. Electrical connector. 
4. To replace bulb, remove 4 screws from socket bar 

on back of assembly. 
5. Socket bar. 
6. Bulb from socket. 

j++I Install or Connect 

1. Bulb(s) into socket bar. 
2. Socket Bar. 
3. Four screws. 
4. Electrical connector. 
5. Lamp assembly. 
6. Two Torx®screws. 

FOG LAMPS 
Assembly Replacement 

l++I Remove or Disconnect 

I. Aiming screw at top of lamp. 
2. Fold light forward. 
3. Bolt/screw at bottom of assembly. 
4. Assembly. 

E3 Install or Connect 

1. Assembly. 
2. Bolt/screw at bottom of assembly. 
3.. Raise Lamp. 
4. Aiming screw. 

IPI Adjust 

• Fog lamp aim. 

Bulb Replacement 
Replacement Bulb: Trade No. 935. 

l++I Remove or Disconnect 

1. Aiming screw at top of lamp. 
2. Fold lamp forward. 
3. Socket from assembly. 
4. Bulb from socket. 

E3 Install or Connect 

1. Bulb into socket. 
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2. Socket into assembly. 
3. Raise lamp. 
4. Aiming screw. 

~ Adjust 

• Fog light aim. 

FRONT PARKING/TURN SIGNAL LAMPS 
Figure 1 
Assembly Replacement 

I++! Remove or Disconnect 

1. Socket from assembly. 
2. Two nuts. 
3. Assembly. 

!++! Install or Connect 

1. Assembly. 
2. Two nuts. 
3. Socket into assembly. 

Bulb Replacement 
Replacement Bulb: Trade No. 2057, 32/2 

Candlepower. 

!++I Remove or Disconnect 

I. Socket from assembly. 
2. Bulb from socket. 

I++! Install or Connect 

1. Bulb into socket. 
2. Socket into assembly. 

t{<~~ 

~~-~·~-
[!] BOLT/SCREW 

0 PARKING/TURN SIGNAL 
ASSEMBLY 

ltC0111-IIB-F-RP 

Figure 1 - Front Parking/Turn Signals 

HAZARD FLASHER 

The hazard flasher is in the convenience center, 
behind the instrument panel to the right of the steering 
column. To remove the flasher, remove left sound 
insulator panel and lift flasher up and out. 

HEADLAMPS 
Figures 2 and 3 
Aiming 

Horizontal and vertical aiming of each 
sealed-beam headlamp is done by two (2) adjusting 
screws which move the mounting ring in the body 
against the tension of a coil spring. When using 
mechanical aimers, follow the manufacturer's 
instructions. 

Bulb Replacemen_t 
Replacement Bulbs: Inner Bulb, Trade No. 4651 

or H4651 (Halogen), 65 Watt; Outer Bulb, Trade No. 
4652, 35 Watt/65 Watt. 

I++! Remove or Disconnect 

1. Four mounting ring attaching screws. 
2. Mounting ring. 
3. Headlamp. 
4. Electrical connector. 

I++! Install or Connect 

1. Electrical connector. 
2. Headlamp. 
3. Mounting ring. 
4. Four mounting ring attaching acrews. 

!)'! Adjust 

• Headlamp aim. 

/ . '):-r· ,. '" \ 1' • ~\ - .t,, 
""""-.:.,1. . ~ ,,4 

,), 

/. ~ 
1/,· 

ADJUSTER 

I, -----.// --~ --
s 

-FRT 
KC0102-BB-F-RP 

Figure 2 - Headlamp Aiming 

LICENSE PLATE LAMPS 
Assembly or Bulb Replacement 

I++! Remove or Disconnect 

1. Torx@screw at top of assembly. 
2. Assembly by lifting up and out. 
3. Socket from assembly. 
4. Bulb from socket. · 

I++! Install or Connect 

1. Bulb into socket. 
2. Socket into assembly. 
3. Assembly by putting tab on bottom into slot, then 

pushing top in. 



[!] HORIZONTAL ADJ. SCREW· RH 

0 VERTICAL ADJ. SCREW 

0 HORIZONTAL ADJ. SCREW· LH 

KC0103-a8-F-RP 

Figure 3 - Headlamp 

4. Torx@screw. 

REAR TAIL/STOP/TURN SIGNAL LAMPS 
Figure4 

Replacement Bulb: Trade No. 2057, 32/2 
Candlepower. 

l+-+I Remove or Disconnect 

1. Open hatch. 
2. Two fasteners at ends of trim panel. 
3. Two screws near hatch catch. 
4. Trim panel 
5. Five wing nuts holding taillamp lens. 
6. Taillamp lens. 
7. Bulb from socket. 

!++I Install or Connect 

1. Bulbs into socket. 
2. Taillamp lens. 
3. Wing nuts. 

~ Adjust 

• Taillamp lens for proper appearance before 
tightening wing nuts. 

4. Trim panel. · 
S. Two screws near hatch catch. 
6. Two fasteners. 
7. . Close hatch. 

SIDEMARKER LAMPS 
Figures 4 and 5 
Assembly Replacement • Front 

l++I Remove or Disconnect 

1. Open hood. 
2. Socket from assembly. 
3. Two retainers. 
4. Assembly. 
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E3 Install or Connect 

1. Assembly. 
2. Two retainers. 
3. Socket. 
. 4. Oose hood. 

Bulb Replacement.front 

Replacement Bulb: Trade No. 194, 2 
Candlepower. 

I++) Remove or Disconnect 

1. Open hood. 
2. Socket from assembly. 
3. Bulb from socket. a Install or Connect 

1. Bulb into socket. 
2. Socket into assembly. 
3. Close hood. 

Assembly or Bulb Replacement-Rear 

Replacement Bulb: Trade No. 194, 2 
Candlepower. 

The rear sidemarker lamps are in the 
"wrap-around" part of the rear tail/stop/tum signal 
lights. See "Rear Tail/Stop/Tum Signal Lamps" in 
this section. 

TURN SIGNAL FLASHER 
The tum signal flasher is in the convenience 

center, behind the instrument panel to the right of the 
steering column. To remove the flasher remove the left 
sound insulator panel and lift flasher up and out. 

UNDERHOOD LAMP 
Assembly Replacement 

l++I Remove or Disconnect 

1. Negative(-) battery cable. 
2. Electrical connector. 
3. Two screws and ground wire. 
4. Assembly. 

l++I Install or Connect 

1. Assembly. 
2. Two screws and ground wire. 
3. Electrical connector. 
4. Negative(-) battery cable. 

Bulb Replacement 
Replacement Bulb: Trade No 194, 15 

Candlepower 

I++! Remove or Disconnect 

• Bulb from socket. 
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[2J WING NUT 

0 LAMP ASSEMBLY 

0 LICENSE LAMP 

0 SCREW 

KCOl 13-88-F-RP 

Figure 4 - Rear Tail/Stop/Turn Signal Lamp 

' \....-:::• (1 
RETAINER 

FRT, !VIEWA! 

KC0106-88-F-RP 

Figure 5 - Front Side Marker Lamps 

!-++j Install or Connect 

• Bulb into socket. 

HORNS 
Figure 6 

If the horns do not blow, or blow constantly, 
follow the diagnostic procedures in ELECTRICAL 
DIAGNOSIS (SEC. SA). 

Poor Horn Tone 

1. Poor Horn Tone- Tighten bolts in mounting 
area, or correct poor connections or ground. 

2. Low-Pitched Moan- Sounds like •mooing". 
Caused by current too high. Adjust current. 
Refer to following procedure. 

3. Weak Tone- Current too low. Correct poor 
connections or ground, or adjust current. Refer 
to following procedure. 

4. Weak, Strained Tone- Remove foreign object 
in horn. 

5. Harsh Vibration- Bend bracket so horn is not 
touching sheet metal. 

Current Adjustment 

Current draw for a horn while operating should 
be 4.5 to 5.5 amperes at 11.5 to 12.5 volts. High current 
(more than 20 amperes) indicates an overheated 
winding or shorted horn; replace the horn. A current 
reading of about 18 amperes means the contact points 
are not opening; adjust the horn current. Refer to 
adjustment procedure below. 

No current reading indicates a broken 
connection, or an open circuit due to a broken lead or 
overheated horn. An overheated horn must be 
replaced. No current reading may also me.an the 

· contact points are open; adjust the horn. Refer to 
adjustment procedure below. 

!~I Adjust 
1. Increase Current Turn adjusting screw clockwise. 



2. Decrease Current Turn adjusting screw 
counterclockwise. 

3. Current adjustments should be made 1/4 turn 
(90°) at a time. 

Horn Assembly 

l+,.I Remove or Disconnect 

1. Open hood. 
2. Bolt/screw. 
3.. Electrical connector. 
4. Horn. a Install or Connect 

1. Hom. 
2. Electrical connector. 
3. Bolt/screw. 
4. Close hood. 

Horn Relay 
The horn relay is in the convenience center, 

behind the instrument panel to the right of the steering 
column. To remove the relay remove left sound 
insulator panel and pull relay straight out. 

1-BOLT/SCREW 

2-HORN ASM.(F-NOTE) 

3-HORN ASM.(A-NOTE) 

Figure 6 - Horns 

FORWARD LAMP WIRING 

m 

2014MB 

For an illustration of forward lamp wiring, refer 
to Figure 7. 
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1 - SIDEMARKER LIGHT 
2 - HEADLIGHT 
3 - PARKING LIGHT 
4- HORNS 
5 - ENGINE HARNESS 

KC0107-89-F-RP 

Figure 7 - Forward Lamp Wiring 

INTERIOR LAMPS 
COURTESY LAMPS 
Bulb Replacement 

Replacement Bulb: Trade No. 168. 
To replace either bulb, pull it out of the socket. 

Push the new bulb into the socket. 

Left Socket Replacement 

l+-+I Remove or Disconnect 
1. Three bolts/screws and two nuts holding the 

instrument panel sound insulator. 
2. Sound insulator. 
3. Socket from insulator. 
4. Wires by unlocking terminals from socket. 

1-++I Install or Connect 
1. Wires into new socket by inserting terminals and 

locking. 
2. Socket into insulator. 
3. Insulator. 
4. Three bolts/screws and two nuts. 

Right Socket Replacement 

l+,.I Remove or Disconnect 

1. Socket from the instrument panel sound insulator 
by reaching behind insulator and twisting. 

2. Wires by unlocking terminals from socket. 
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E3 Install or Connect 

1. Wrres into new socket by inserting terminals and 
locking. 

2. Socket _into insulator. 

DOME AND READING LAMPS 
Assembly (and Reading Light Bulb) Replacement 

Replacement Bulb: Trade No. 906. 

l++I Remove or Disconnect 

1. Courtesy lamps fuse. Refer to ELECTRICAL 
DIAGNOSIS (SEC. 8A). 

2. Lens by squeezing gently on the edge and pulling 
down. 

3. Two clips by loosening slightly with small 
screwdriver, then pulling with pliers. 

4. Assembly by lowering the rear and pulling 
backward to release the clip at the front. 

S. Electrical connector. 
6. Socket(s) if replacing bulb(s). 
7. Bulb(s) if replacing. 

E3 Install or Connect 

1. Bulb(s) if removed. 
2. Socket(s) if replacing bulb. 
3. Electrical connector. 
4. Assembly, making sure clip on front goes over 

bracket. 

S. Two clips by pushing into place. 
6. Lens. 
7. Fuse. 

Dome Light Bulb Replacement 
Replacement Bulb: Trade No. 561. 

I++( Remove or Disconnect 

1. Lens by squeezing gently on the edge and pulling 
down. 

2. Bulb by pulling down. 

E3 Install or Connect 

1. Bulb. 
2. Lens by snapping into place. 

CARGO COMPARTMENT LAMP 
Assembly or Bulb Replacement. 

Replacement Bulb: Trade No. 168-2. 

l++I Remove or Disconnect 

1. Lamp from rear end trim panel by using a flat 
bladed tool to pry up on left side of lamp. 

2. Lens. 
3. Electrical connections. 
4. Bulbs (if replacing). 

I++( Install or Connect 

I. Bulbs, if replacing. 
2. Electrical connections. 
3. Lens. 
4. Lamp by inserting right side into trim panel and 

snapping left side into place. 

SPECIFICATIONS 

EXTERIOR LAMPS Trade No. 
Backup Lamps .......................... _ ................................................................................................ 1156 
Center High-Mounted Stoplamp ................................................................................................ 906 
Front Parking/Tum Signal Lamps .......... ....... ............... ............. .... ..... .... .. ...................... ........ 2057 
Headlamps · 

Inner (except Halogen) ......................................................................................................... 4651 
Inner (Halogen) ........................................................................................... ...................... H4651 
Outer ..................................................................................................................................... 4652 

License Plate Lamps ................................................................................................................... 194 
Rear Tail/Stop/furn Signal Lamps ............... .. ......................... ...... ..... ... ................................ 2057 
Sidemarker Lamps (Front and Rear) ........................................................................................ 194 
Underhood Lamp ......................................................................................................................... 93 
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INfERIOR LAMPS Trade No. 
Air Conditioner/lleater Controls .............................................................. ~ ............................... 194 
Cargo Compart:rnent .. ... . . . ... .. ...... ........ ...... .. ...... ......... ... . ....... .. ... ... . .. .... ...... ... ........... ... .. .. . ........ ... 168 
Clock ........................................................................................................................................... 161 
Courtesy Lamps ........................................... ... ............ .............................................. ..............•... 194 
Dome Lamp ............................... ........... ....... ... ............ .............. ............................................... ... 168 
Gear Selector Indicator .............................................................................................................. 194· 
Headlamp High-Beam Indicator ................ :·............................................................................... 194 
Indicator Lamps . 

Brake System Warning ..... ............................................. ................................................ ......... 194 
Charging System Warning ............ ............................................ .......... .................................... 194 
Vatsll ..................................................................................................................................... 194 
Oil Pressure Warning ..................................... : ....................................... : ............................... 194 
Seat Belt Reminder ................................................................................................................. 194 
Service Engine Soon Warning ................................................................................................ 194 
Temperature Gage Warning ............................. : ................................................................... :. 194 

Instrument Cluster .............................................................................................................. 161/194 
Radio ... _ ................................... -................... , ............................................................................... 168 
Reading Lamp ............................................................... : ............................................................ 906 
Tum Signal Indicators ................................................................................................................. 194 
Automatic Transmission (PRNDL) Lamp ... ........... ....... ......... ........... ...................... ........ ........... 37 
Console Illumination Lamp ......................................................................................................... 74 
Fog Lamp Bulb ....................................................................................... :... ............... .................. 93 
Rear Wiper/Washer Switch Lamp ............ , ............................................................................... 168 
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SECTION SC 

INSTRUMENT PANEL, _CLU.STER AND 
CONSOLE 

The following "Notice"' applies to one or more steps in the assembly procedure of components in this portion 
of the manual as indicated at appropriate locations by the terminology: "'NOTICE: See •Notice• on page SC-1 
of this section ... 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. ff a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 

CONTENTS 
General Description ._. ......... .................................. SC-1 
On-Vehicle Service ........................... ........ ............ SC-1 

Ash Tray ........................................................... SC-1 
Lighter ............. ..... ... ....... ....... .............. ....... ...... SC-1 
Console ............................................................. SC-2 
Convenience Center .......................................... SC-2 
Fuse Block ........................................................ SC-2 
Cruise Control Module .................................... SC-2 
Defogger Switch ............................................... SC-2 
Electronic Control Module (ECM) ........ ... ...... SC-2 
Indicator Lamps ........ ........ ................... ............ SC-2 

Temperature Warning Lamp ....................... SC-2 
Generator Warning Lamp ............................ SC-2 
Engine Oil Pressure Lamp ............................ SC-2 
"Service Engine Soon" Lamp ....................... SC-4 
VATS Il Lamp .............................................. SC-4 

Instrument Cluster and Trim Panel .... ... ............ SC-4 
Speedometer ......... ... .... ........ ... ........... ............ SC-4 

GENERAL DESCRIPTION 

The instrument panel is a single unit design and 
all parts attach to the main instrument panel with clips 
and screws. To service the instrument panel and 
components, see Figures 1 through 9. 

Instruments consist of the fuel gage, temperature 
indicator lamp, generator lamp, oil pressure indicator 
lamp and speedometer. Service on instruments can be 
obtained through authorized repair stations. However, 
knowledge of instrument circuit checks will help in 
determining if operating difficulties lie in the 
instrument itself or in its allied circuit. 

Instruments have been designed for easy removal 
by elimination of separate wiring. With the wiring 
provisons integrated with the instrument panel wiring, 
the instruments can be removed after removing the 
trim and lens. 

Instrument Panel Carrier ............. ................ SC-4 
Instrument Panel Assembly .................... ......... SC-6 

Instrument Panel Pad ................................... SC-6 
Lamp Switches ............ .. ................................... SC-6 

Headlamp/Parking Lamp Switch ................ SC-6 
Fog Lamp Switch ......................................... SC-6 
Transmission Neutral Start/Backup 

Lamp Switch .... .......................................... SC-8 
Model Nameplate ............................................. SC-8 
Sound Insulators ...................................... ......... SC-8 

Instrument Panel Insulators ................ ......... SC-8 
Dash Panel Insulator ..................................... ~ 8C-8 

Speakers ......... :......................................... ......... 8C-8 
Ventilation .................. ...................................... SC-8 

Diagnosis ....... ................... ............................... ..... SC-8 
Fuel Gage Diagnosis ............................................ SC-14 
Oil Pressure Gage Diagnosis ............................... SC-15 
Temperature Gage Diagnosis .............................. SC-16 

ON-VEHICLE SERVICE 
ASHTRAY 

l++I Remove or Disconnect 

• Ashtray by lifting up and out of the ashtray 
housing assembly. 

I++! Install or Connect 

• Ashtray by positioning it and pushing it into the 
ashtray housing assembly. 

LIGHTER 

j++I Remove or Disconnect 

1. Lighter from the lighter housing. 

2. Screws attaching the lighter trim plate to the 
instrument panel and remove the trim plate. 

3. Lighter housing from the lighter retainer. 

4. Lighter retainer. 
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E3 Install or Connect 

1. Lighter retainer to the instrument panel. 
2. Lightet housing to the lighter retainer. 
3. Lighter trim plate to the instrument panel with 

screws. 
4. Lighter into the lighter housing. 

CONSOLE 
Figures 1 and 2 
Replace 

1. Disconnect negative battery cable. 
2. Remove shift ga~ trim plate. Requires removal 

of shift handle and seven screws. 
3. Remove radio A/Cheater control assembly trim 

plate. · 
4. Remove AIC or .heater control asseinbly. 

Refer to MANUALLY CONTROLLED AIR 
CONDmONING (SEC. lB). 

5. Remover radio. 
6. Disconnect electrical connectors ( cigarette 

lighter, ashtray lamp, etc.) and pull harness 
forward out of console. 

7. Remove six console hold-down and two console to 
instrument panel screws and remove console. 

8. Reverse the removal procedure to reinstall. 

Figure 1 - Console Trim Plates 

CONVENIENCE CENTER 
Replace 

1. Remove . the screws retaining the convenience 
center to the instrument panel. 

2. Remove the convenience center from the 
instrument panel. 

3. Reverse the removal procedure to install. 

FUSE BLOCK 
Replace 

1. Remove the screws retaining the fuse block to the 
instrument panel. 

2. Remove the convenience center from the 
instrument panel. 

3. Reverse the removal procedure to install. 

CRUISE CONTROL MODULE 
Refer to CRUISE CONTROL (SE~. 9B). 

DEFOGGER SWITCH 
Figure 3 
Replace 

1. Remove the lighter. See "Lighter" in this section. 
2.- Remove the trim plate attaching screws and 

remove the trim plate. 
3. Remove the defogger switch attaching screws. 
4. Disconnect the electrical connector to the 

defogger switch. 
5. Remove the defogger switch. 
6. To install, reverse the removal procedure. 

ELECTRONIC CONTROL MODULE (ECM} 
For information on the ECM, refer to 

DRIVEABILITY AND EMISSIONS - GENERAL 
INFORMATION (SEC. 6E). 

INDICATOR LAMPS 

Temperature Warning Lamp 
The engine temperature warning lamp is 

controlled by a thermal switch which senses engine 
coolant temperature. 

When the ignition switch is turned to .. START .. 
position, a test circuit is closed and the lamp will come 
on to indicate that the lamp is functioning properly. 

If the cooling system does not hold pressure due 
to the pressure cap being left loose, or accident such as 
puncture of the radiator, rupture or disconnection of 
a hose, or use of low boiling point antifreeze, the 
calibration temperature of the coolant temperature 
sender may not be reached and the "TEMP .. lamp will 
not come on despite boiling. Low boiling coolants such 
as water will not operate the lamp. 

G~nerator Warning Lamp 
The generator warning lamp in the instrument 

cluster should . come on when the ignition switch is 
turned .. ON" and engine is not running. If not, either 
the bulb is burned out or wiring to the generator has 
an open circuit. 

When the generator voltage output becomes 
greater than the battery voltage, the "GEN" lamp 
should go out. This does not, however, indicate 
whether the battery is being charged or the regulator 
is functioning properly. 

The charging system should be checked if trouble 
is experienced. Refer to ENGINE ELECTRICAL 
(SEC. 6D). 

Engine Oil Pressure Lamp 
The engine oil pressure warning lamp is mounted 

in the instrument cluster and controlled by a pressure 
operated switch on the engine block. When the ignition 
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Figure 3 - Defogger Switch 

switch is in the "RUN" or "START" position, the oil 
pressure lamp should come on. If not, the bulb may be 
burned out, there may be an open circuit between the 
bulb and the oil pressure switch, or there may be an 
open circuit between the oil pressure switch and the 
choke heater. After the engine is running, the oil 
pressure lamp should go out when the oil pressure 
reaches the correct specification. If not an oil pressure 
problem, it may be a faulty oil pressure switch. 

"Service Engine Soon" Lam·p 
All cars have a "SER VICE ENGINE SOON" 

lamp mounted in the instrument cluster. The 
"SERVICE ENGINE SOON" lamp should come on 
during engine starting. The lamp may stay on a short 
time after the engine starts. If the lamp comes on while 
driving, service to the emission control system may 
be required. Refer to DRIVEABILITY AND 
EMISSIONS - GENERAL INFORMATION (SEC. 6E) 
and ELECTRICAL DIAGNOSIS (SEC. 8A) for 
complete diagnosis and wiring diagrams of the 
"SERVICE ENGINE SOON" lamp circuit. 

VATS II Lamp 
For information on the operation of the VATS II 

indicator lamp, refer to THEFT DETERRENT (SEC. 
9D). 

INSTRUMENT CLUSTER AND TRIM PANEL 
Figure 4 

Replace 

1. Disconnect negative battery cable. 
2. Remove instrument cluster trim panel. 
3. Remove six cluster attachment screws, pull 

cluster back and disconnect speedometer 
electrical connections. 

4. Remove cluster lens, 

5. Individual gages and/or the speedometer head are 
now accessible for service or replacement. If 
service is intended only for gages or tachometer, 
skip Step 3. 

6. Reverse the removal procedure to install. 

Speedometer 
The speedometer is a road speed indicator with 

an odometer to record total mileage, and on some cars, 
a resettable trip odometer. 

The mechanical speedometer uses a cable driven 
through a pinion gear by the transmission output shaft. 
The cable connects to a magnetic drag cup inside the 
speedometer which rotates the speedometer needle. 
The end of the rotating cable causes a small bar magnet 
to rotate within a metal cup. As the magnet rotates 
within the cup, it magnetically attracts (drags) the 
metal cup along behind it. Two things work to prevent 
the cup from rotating as quickly as the magnet. 

1. The distance of the magnet from the cup reduces 
its effect on the cup. 

2. A counterspring is wound around the shaft of the 
cup to oppose the normal rotation of the cup. The 
counterspring loads the drag cup to give correct 
indication of the speed, prevent needle overshoot 
and return the drag cup to a zero point when the 
vehicle is not moving forward. 
Mechanical speedometers require a photo speed 

sensor to provide road speed information for the ECM 
and other systems such as Cruise Control and the TCC 
(Torque Converter Clutch). 

The odometer on these instruments consists of 
numbered wheels that are rotated by the speedometer 
cable through worm gears. 

When replacing a speedometer or odometer 
assembly, the law requires the odometer reading of the 
replacement unit to be set to register the same mileage 
as the prior odometer. If the same mileage cannot be 
set, the law requires that the replacement odometer be 
set to zero and a label be installed on the driver's door 
frame to show the previous odometer reading and the 
date of replacement. 

Replace 
1. Disconnect negative battery cable. 
2. Remove instrument cluster trim panel. 
3. Remove six cluster attachment screws, pull 

cluster back and disconnect speedometer. 
4. Remove cluster lens. 
5. Remove two screws retaining speedometer head 

in cluster from rear. 
6. Remove electrical connectors and remove 

speedometer head. 
7. Reverse the removal procedure to reinstall. 

Instrument Panel Carrier 
Figures 2, 4, 7 and 8 
Replace 

L Disconnect negative battery cable. 
2. Remove console. 
3. Remove instrument panel pad and lower sound 

insulators. · 
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Figure 4 - Instrument Panel Cluster and Trim Plate 
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Figure 5 - Cluster Instruments Identification 

4. Remove right and left lower instrument panel 
covers and trim plates. 

5. Remove instrument panel cluster and headlamp 
switch. 

6. Lower steering column. 

7. Remove five upper and six lower instrument 
panel carrier to cowl screws. 

8. Disconnect instrument panel electrical harness at 
cowl connector and under dash. 

9. Remove instrument panel carrier from car. 
10. Instrument panel components (heater or air 

conditioning ducts, wiring harness, etc.) are now 
accessible for service or replacement. 

11. Reverse the removal procedure to install. Replace 
any seals or sealant damaged during disassembly. 



BC-8 INSTRUMENT PANEL CLUSTER AND CONSOLE 

GAGE CLUSTER 
PRINTED CIRCUIT 

LEGEND-CONNECTOR #1 LEGEND-CONNECTOR #2 
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0 VATSII [ill IGNITION 0 ILLUMINATION [i£l HI BEAM 
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[TI CHECK ENGINE ~ RIGHT TURN SIGNAL 0 IGNITION ~ ILLUMINATION 

0 IGNITION ~ <;)IL 0 SPARE @] GROUND 

0 BRAKE ~ OPEN 0 TEMPERATURE ~ SPARE 
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Figure 6 - Printed Circuit 

INSTRUMENT PANEL ASSEMBLY 

Instrument Panel Pad 

Figure 7 

Replace 

1. Remove four screws in defroster duct nozzles. 
2. Remove screws under lip of instrument panel 

pad. 
3. Remove instrument panel pad from carrier. 
4. Reverse the removal procedure to install. 

LAMP SWITCHES 

Headlamp/Parking Lamp Switch 

Figures 

Replace 

I. Remove the insulator screws and nut from 
underneath the instrument panel and remove the 
insulator. 

2. Remove the headlamp switch knob assembly by 
depressing the release button on the headlamp 
switch from underneath the instrument panel. 

3. Remove the headlamp switch knob trim plate 
screws and remove the trim plate. 

4. Remove the retainer attaching the headlamp 
switch to the instrument panel by unscrewing. 

5. Remove the headlamp switch from underneath. 

6. To install, reverse the removal procedure. 

Fog Lamp Switch 

Replace 

1. Remove the headlamp knob retainer and remove 
the headlamp knob. 

2. Remove the headlamp knob trim plate screws 
and remove the headlamp knob trim plate. 

3. Remove the fog lamp switch attaching screws and 
remove the fog lamp switch. 
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Figure 9 - Headlamp/Parking Lamp Switch 

Transmission Neutral Start/Backup Lamp 
Switch 

For instructions on installing or adjusting the 
transmission neutral start/backup lamp switch, refer 
to Figure 10. 

MODEL NAMEPLATE 

Replace 

1. Remove the model nameplate by gently pulling 
the locking pins out of the holes in the instrument 
panel. 

2. To install, line up t~e locking pins on the 
nameplate with the holes in the instrument panel 
and push the nameplate to engage the locking 
pins. 

SOUND INSULATORS 
Figure 11 

Instrument Panel Insulators 
Replace 

1. Remove the screws retaining the sound insulators 
to the instrument panel and remove the sound 
insulators. 

2. To install, reverse the removal procedure. 

Dash Panel Insulator 
Replace 

1. Remove the instrument panel. 
2. Remove the screws retaining the dash panel 

insulator to the dash panel and remove the 
insulator. · 

3. To install, reverse the removal procedure. 

SPEAKERS 
Replace 

1. Remove the instrument panel pad. Refer to 
•instrument Panel Pad" in this section. 

2. Remove the screws attaching the speaker to the 
dash panel. 

3. Disconnect the electrical connector to the 
speaker and remove the speaker. 

4. To install, reverse the removal procedure. 

VENTILATION 
. Refer to Figures 13 through 18 for removal and 

installation of the ventilation outlets and ducts. 

DIAGNOSIS 
Refer to ELECTRICAL DIAGNOSIS (SEC. 

SA) for instrument panel electrical systems diagnosis 
and wiring colors when connecting test lamps and test 
instruments. Additional information to diagnose fuel 
gage, oil pressure gage and temperature gage 
irregularities is in Figures 16 through 18. 
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NEW SWITCH INSTALLATION PROCEDURE 

1. POSITION TRANSMISSION CONTROL SHIFTER ASSEMBLY IN THE 
"NEUTRAL" NOTCH IN DETENT PLATE AS SHOWN. 

2. ASSEMBLE SWITCH ASSEMBLY TO THE TRANSMISSION CONTROL 
SHIFTER ASSEMBLY BY INSERTING CARRIER TANG. INTO HOLE IN 
THE SHIFTER LEVER ASSEMBLY. 

3. TIGHTEN SCREWS. 
4. MOVE TRANSMISSION CONTROL SHIFTER ASSEMBLY OUT OF 

"NEUTRAL" POSITION. THIS WILL SHEAR SWITCH INTERNAL 
PLASTIC PIN. 

RESET INSTALLATION PROCEDURE 

1. POSITION TRANSMISSION CONTROL SHIFTER ASSEMBLY IN THE 
"NEUTRAL" NOTCH IN DETENT PLATE AS SHOWN. 

2. LOOSEN SWITCH ATTACHING SCREWS. 

3. ROTATE SWITCH ON SHIFTER ·ASSEMBLY TO ALIGN SERVICE 
ADJUSTMENT HOLE WITH CARRIER TANG HOLE. INSERT 2.34 
DIA. GAGE PIN TO A DEPTH OF 15mm. 

4. TIGHTEN ATTACHING SCREWS. 

5. REMOVE GAGE PIN. 

m m mm 
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NT 

(I] DETENTPLATE 
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(I] TANG SLOT 

0 "NEUTRAL" NOTCH 

{I] R mp 
(I] TRANSMISSION 

CONTROL SHIFTER 

(I] NEUTRAL START AND 
BACK-UP LAMP SWITCH 

(!] CARRIER TANG 
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Figure 10 - Transmission Neutral Start/Backup Lamp Switch 
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Figure 12 - Steering Column Trim Cover 
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Figure 13 - Instrument Panel Ducts (1 of 3) 
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Figure 15 • Instrument Panel Ducts (3 of 3) 
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FUEL GAGE DIAGNOSIS 

DJ DISCONNECT FUEL GAGE 
SENDER WIRE IN REAR TUAN 
COMPARTMENT & IGNITION I GO TO STEP 2 I 
CONNECT J 24538-A TESTER TO ON 
SENDER WIRE & TO GROUND 

m I GAGE RESPONDS TO TESTER ACCURATELY : 
I GO TO STEP 3 

I GAGE RESPONDS BUT NOT ACCURATELY 
I I GO TO STEP 6 I 

I GAGE DOES NOT RESPOND 
I I 

GO TO STEP 4 I I 

[I] 
CHECK REAR COMPARTMENT OK I REPLACE SENDER l 

CONNECTOR a WIRES 
TO SENDER rn;?I REPAIR WIRE OR 

~ CONNECTOR 

[!] CHECK WIRING 

DISCONNECT FRONT BODY I GAGE RESPONDS I BETWEEN REAR 
TO TESTER ACCURATELY I COMPARTMENT 

CONNECTOR.CONNECT a FRONT BODY 
J 24538-A TESTER TO LEAD THAT CONNECTOR 

GOES TO THE GAGE I GAGE DOES I I GO TO STEP 5 
NOT RESPOND I 

rn CHECK FOR BAD r GOOD I REPLACE GAGE 
CONNECTIONS I 

REMOVE CONNECTIONS AT GAGE 

GAGE TERMINALS OR INST. I BAD I 
REPAIR 

CLUSTER CONNECTOR 
CONNECTIONS I CONNECTIONS & 

REINSTALL GAGE 

m GAGE READS BETWEEN I NUTS LOOSE : 
TIGHTEN NUTS · 

REMOVE GAGE & 1/4 a 1/2 WITH 90 11 

FROM J 24538-A AND CHECK FOR REINSTALL GAGE 
LOOSE NUTS AT I NUTS TIGHT ~ GAGE TERMINALS 

GAGE IS INACCURATE ~ 
"""'1 REPLACE GAGE 

IN OTHER WAYS I 
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Figure 16 • Fuel Gage Diagnosis 
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OIL PRESSURE GAGE DIAGNOSIS 

OJ DISCONNECT OIL GAGE 
SENDER WIRE TURN 

IGNITION I GO TO STEP 2 I 
CONNECT J 241538-A TESTER TO ON 
SENDE_R WIRE & TO GROUND 

rn I GAGE RESPONDS TO TESTER ACCURATELY l-- r-, REPLACE SENDER l 

I GAGE RESPONDS BUT NOT ACCURATELY 
I I GO TO STEP 5 I 

I GAGE DOES NOT RESPOND GO TO STEP 3 

[I) CHECK WIRING 
DISCONNECT TEMP. GAGE I GAGE RESPONDS I BETWEEN SENDER 

LEAD AT ENGINE HARNESS TO TESTER ACCURATELY j CONNECTOR & 

CONNECTOR. CONNECT J 241538-A 
ENGINE HARNESS 

CONNECTOR 
TIITEII TO LEAD THAT I GAGE DOES I 
GOES TO THE GAGE 

I GO TO STEP 4 I NOT RESPOND I 

rn CHECK FOR BAD I GOOD I I REPLACE GAGE 
CONNECTIONS I 

REMOVE CONNECTIONS AT GAGE 

GAGE TERMINALS OR INST. r BAD , 
REPAIR 

CLUSTER CONNECTOR 
CONNECTIONS I CONNECTIONS & 

REINSTALL GAGE 

m GAGI IIEADS SLIGHTLY I NUTS LOOSE _ 
1 TIGHTEN NUTS 

■ILOW MIDSCALE REMOVE GAGE & 

WITH ton FIIOM AND CHECK FOR REINSTALL GAGE 

J-24&31-A LOOSE NUTS AT 
NUTS TIGHT}..._ GAGE TERMINALS I 

GAGI IS INACCURATE 
....__ 
~ IIEPLACE GAGE 

IN OTHER WAYS I 
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Figure 1 7 • Oil Pressure Gage Diagnosis 
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TEMPERATURE GAGE DIAGNOSIS 

OJ DISCONNECT TEMP . GAGE 
SENDER WIRE TURN 

IGNITION I GO TO STEP 2 I 
CONNECT J 24538-A TESTER TO ON 
S-ENDER WIRE & TO GROUND 

m I GAGE RESPONDS TO TESTER ACCUAATEl:Y l I 
I l REPLACE SENDER 

I GAGE DOES NOT RESPOND OR IS INACCURATE l I . GO TO STEP 3 I 7 

( GAGE INDICATES WELL BEYOND "HOT" END OF SCALE! 
f 

GO TO STEP 5 l 

rn CHECK WIRING 

DISCONNECT TEMP. GAGE I GAGE RESPONDS I BETWEEN SENDER 

LEAD AT ENGINE HARNESS TO TESTER ACCURATELY I CONNECTOR & 
ENGINE HARNESS 

CONNECTOR. CONNECT J 24538 -A CONNECTOR 
TESTER TO LEAD THAT I GAGE DOES I I GO TO STEP 4 GOES TO THE GAGE NOT RESPOND I I 

[I] CHECK FOR BAD I GOOD l CONNECTIONS AT GAGE c ·oNNECTIONS I I REPLACE GAGE 

REMOVE TERMINALS OR INST. 

GAGE CLUSTER CONNECTOR 
[ BAD l 

REPAIR 

OR LOOSE NUTS AT 
CONNECTIONS f CONNECTIONS & 

GAGE TERMINALS REINSTALL GAGE 

[I] 
CHECK FOR LOOSE r GOOD I REPLACE GAGE 
NUTS AT GAGE CONNECTIONS I I 

REMOVE TERMINALS OR J:IEPAIR GAGE 
LACK OF GROUND I BAD l 
CONNECTION TO GAGE CONNECTIONS I CONNECTIONS & 

REINSTALL GAGE 
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Figure 18 - Temperature Gage Diagnosis 
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F CARLINE 
WINDSHIELD WIPER-WASHER SYSTEM 

(PULSE &-STANDARD) 
CONTENTS 

General Description . . . . . . . . . . . . . . . . . . . . . . . SE-I 
Wiper and Washer Operation . . . . . . . . . . . . . 8E-1 
Pulse Windshield Wiper System . . . . . . . . . . . 8E-1 

Diagnosis · 
Diagnostic Procedures ................... 8E-2 
Wiper Motor ........... : . . . . . . . . . . . . . . . 8E-2 
Washer Pump .......................... 8E-2. 

On-Car Service 
Washer Pump Replacement .............. 8E-3 
Wiper Cover Replacement . . . . . . . . . . . . . . . 8E-3 
Park Switch Replacement . . . . . . . . . . . . . . . . 8E-3 

GENERAL DESCRIPTION 
Figs. 1 and 2 

The Permanent Magnet (PM) Depressed Park 
windshield (w/s) wiper with remote washer pump sys
tem consists of a depressed park wiper motor and a 
remote washer pump mounted on the washer fluid 
container. 

Based on the type of control switch used and 
whether a.i:i optional electronic printed circuit board is 
attached in the wiper cover, the system can serve as 
either a pulse type wiper-washer system or a standard 
type windshield wiper. Pulse timing and "demand" 
wash functions are controlled electronically on pulse 
windshield wipers. 

WIPER AND WASHER OPERATION 

Pulse Windshield Wiper System 
Electronic logic circuits on a pulse wiper system's 

printed circuit board establish all timing and washer 
commands. When the WASH switch is pressed for less 
than one second, the washer sprays only during the 
wiper arm outwipe and pulsates operation for 2-1/2 
seconds. Then the wiper dry wipes for nearly 6 seconds 
before shutting off. See Pulse Wiper Operation Chart, 
Fig. 3, for a brief description of pulse wiper system 
operation. 

If the WASH switch is pressed for more than one 
second, a (demand) wash is performed for as long as 
the switch is depressed. This wash action is followed by 
6 seconds of dry wipes before shut-off. With the control 
switch in the LO or HI speed position, the respective 

Wiper Motor Replacement . . . . . . . . . . . . . . 8E-3 
Wiper Transmission . . . . . . . . . . . . . . . . . . . . 8E-3 
Wiper Arm ........................... 8E-5 
Wiper Blade . . . . . . . . . . . . . . . . . . . . . . . . . . . 8E-6 
Wiper Blade Insert . . . . . . . . . . . . . . . . . . . . . SE-7 
Windshield Washer . . . . . . . . . . . . . . . . . . . . . SE-8 

Unit Repair 
Gear Replacement . . . . . . . . . . . . . . . . . . . . . 8E-8 

Wiper-Washer Nozzle and Container 
Mounting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8E- l l 

Fig. 1 Wiper Motor 

Fig. 2 Wiper-Washer Control Switch 
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brush circuit (Fig. 4) is completed to the ( +) 12 volts 
DC source and the wiper motor runs at that particular 
speed setting. 

WIPER MOTOR 
Check motor operation before removing wiper as

sembly from the car. Disconnect wiring harness from 
wiper assembly before performing the following checks: 

Moving the switch to the PULSE mode operates 
the wiper motor intermittently and the delay can be 
varied by moving the switch back and forth in the Delay 
Mode. An instantaneous wipe can be obtained by mov
ing the switch to the MIST position. If the switch is 
pressed continually, a continuous wiping action will be 
performed. See Figs. 6, 7, and 8. 

I. Apply a ( +) 12 volt DC (source) voltage to wiper 
connector pins as shown in Figure 5. If the motor 
runs in all operating modes (LO, HI; PARK & 
PULSE), perform the voltage and continuity wiper 
switch tests as shown on Figs. 6, 7 and 8. 

DIAGNOSIS 
DIAGNOSTIC PROCEDURES 

2. If the wiper motor does not run in any one or all of 
the operating modes, refer to Section 8A. 

WASHER PUMP 
The following procedures assume that the service 

technician has checked: 
Check washer pump operation before removing 

washer pump from the car. Disconnect (cover) wiring 
harness connection to wiper cover connector. Then ap
ply a ( +) 12 volt DC (source) voltage to wiper terminals 
as shown on Fig. 9. 

• the continuity of circuit harness wiring, 

• that the wiper-motor assembly-to-dash 
mounting hardware.is tight, 

1. If washer pump motor does not run or does not 
pump water, replace washer pump. See On-Car 
Service procedures for "Washer Pump 
Replacement.'' 

• circuit fuses, and 

• that the washer hoses are clear, not kinked, 
disconnected or broken. 

See Fig. 4 for wiper circuit diagrams. 

OFF 

Wiper and washer are off-
w blades are at park position. 
I 0 
p F 
E F 
R 

s Wiper runs one low speed w D wipe. Blades stop at Inner 
I E wipe position, next wipe is 
T L delayed for period of time of 
C A 0-25 seconds (depending 
H y upon rheostat setting), then 

p cycle repeats. 

0 L Wiper runs in continuous low 
s 0 speed. 
I w 
T 
I H Wiper runs in continuous 
0 I high speed. 
N G 

H 

2. If washer pump motor runs and pumps water, the 
problem is in the wiper switch. See Fig. 8 for switch 
test procedures. 

WASH BUTTON POSITION 
BUTTON HELD BUTTON HELD 

LESS THAN ONE SECOND MORE THAN ONE SECOND -
Wiper starts, runs and Wiper starts, runs and 
washes in low speed. Fluid washes In low speed. Fluid 
pulses approx. 2½ seconds, flows as long as button is 
followed by approx. six sec- held, then approx. six sec-
onds of drying wipes. Wiper onds of drying wipes and 
then returns to park and wiper returns to park position 
shuts off. and shuts off. 
Delay function Is overridden Delay _function is overridden 
and followed by wash and dry and followed by wash and dry 
cycle above. Blades then re- cycle above. Blades then re-
turn to inner wipe position turn to inner wipe position 
and delay function resumes. and delay function resumes. 

Wiper continues to run in low Wiper continues to run in low 
during wash cycle above, and during wash cycle above, and 
remains in low speed after remains in low _speed after 
wash. wash. 
Same as low speed wash Same as low speed wash 
above except motor running above except motor running 
in high speed. in high speed. 

Fig. 3 Pulse Wiper Operation Chart 



ON-CAR SERVICE 
WASHER PUMP REPLACEMENT 

Fig. 13 

l••I Remove or Disconnect 

1. Washer solvent 

2. Brace 

3. Container screws (2) 

4. Electrical connectors and washer hose 

5. Washer pump motor from container 

l••I Install or Connect 

1. Washer pump motor to container 

2. Electrical connectors and washer hose 

3. Container screws (2) 

4. Brace 

5. Washer solvent 

[I] Important 

• Make sure new washer pump is pushed all 
the way into the container gasket. 

WIPER COVER REPLACEMENT 
Fig. 10 

1••1 Remove or Disconnect 

l. Cover screws 

2. Wiper cover 

I• •I Install or Connect 

l. New wiper cover 

2. Cover screws 

[I] Important 

• Always install cover assembly with wiper in 
park position and drive pin in the open area 
of the cam. . 
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PARK SWITCH REPLACEMENT 

l••I Remove or Disconnect 

1. Wiper cover 

(I] Important 

• If motor is in park position (Fig. 10), operate 
motor as required to remove pawl from relay 
slot. · · 

2. Park switch assembly 

l+•I Install or Connect 

1. New park switch assembly (standard switch has 
no extra terminals. Pulse switch requires them). 

2. Follow "Wiper Cover Replacement" procedure 
carefully. 

WIPER MOTOR REPLACEMENT 

l••I Remove or Disconnect 

1. L.H. and R.H. wiper arms 

2. Cowl cover 

3. Wiper arm drive· link from crank arm 

4. Electrical connectors 

5. Wiper motor attaching bolts 

6. Wiper motor guiding crank arm through hole 

I• •I Install or Connect 

1. Wiper motor guiding crank arm through hole 

2. Wiper motor attaching bolts 

3. Electrical connectors 

4. Wiper arm drive link to crank arm 

5. Cowl cover 

6. L.H. and R.H. wiper arms 

WIPER TRANSMISSION 
Fig. 11 

l••I Remove or Disconnect 

1. Raise hood. 

2. Right and left wiper arm and blade assemblies 



SE -4 WINDSHIELD WIPER SYSTEMS · F CARLINE 

TRANSIENT 
SUPPRESSOR 

WIPER 
MOTOR 

TRANSIENT 
SUPPRESSOR 

WIPER 
MOTOR 

ELECTRONIC 
CIRCUIT 
BOARD 

ELECTRONIC 
CIRCUIT 
BOARD 

WIPER ASSEMBLY 
WIRING DIAGRAM 

3 

• 
5 

8 

7 

I 

9 

3 

6 

7 

I 

9 

WIRING DIAGRAM 
STANDARD & STANDARDIWASH,OUTWIPE 

WIPER ASSEMBLY 

i°MISTOFF LO HI 
7 

I r·, ri r, r·, 
' I 0 

' ' 

.-
'----------..J 
"MIST IS SPRING 
RETURN ANO OPTIONAL 

WIRING DIAGRAM 
PULSE & PULSE/WASH-OUTWIPE 

WIPER ASSEMBLY 

rl•I--
'" IGNITION 

SWITCH 

INSTRUMENT 
PANEL SWITCH ------------, iMI§_~ Of.~ PULSE i;O ljl 

I I I I I 

WASH 
L-+-...... -~.-----~ 

--r 
24KQ 

Fig. 4 W/S Wiper-Washer Circuit Diagrams 



NOTE: THE FOLLOWING PROCEDURES ASSUME THAT THE 
TECHNICIAN HAS CHECKED THE FOLLOWING: 
1. CONTINUITY OF ALL HARNESS WIRES 
2. WIPER MOTOR TO DASH MOUNTING SCREWS 

TIGHT - -

3. FUSES 

WIPER MOTOR 

CHECK FOR MOTOR OPERATION BEFORE 
REMOVING FROM VEHICLE. DISCONNECT 
ALL WIRING FROM WIPER AND PERFORM 
THE FOLLOWING CHECKS IN THIS ORDER: 

,-NC"J.&n<O 
'tit ............. 
.J.J.J.J...,j...l 
<<<<<< zzzzzz 
:i :i :i :i 2 :i a:a::a:a:a:a: wwwwww 
l-1-1-1-1-1-

1 a 9 

0 LO 
SPEED 

, 
7 8 9 

@ s~o 1tt 
7 8 9 

@ PARK t 
7 8 9 

0 ~~-, 

123456 

!r'.51 ~u;-1 
12V(+) 

123456 

IEil 

~ ---1 
12Vt+l 

123458 ,-r-1 
12V(+) 

123456 

Cl 1r-r. .. 
12V(+) 

12V(+) 

IF WIPER MOTOR FUNCTIONS IN ALL MODES, 
GO TO WIPER/WASHER SWITCH CHECK CHART. 

•1F A STANDARD TYPE MOTOR IS WIRED FOR THE 
PULSE CHECK, THE PARK RELAY WILL CLICK 
SHUT BUT THERE WILL BE NO OBSERVABLE 
MOTOR ACTION. 

Fig. 5 Wiper On-Car Check 
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3. Loosen (do not remove) attaching nuts securing 
transmission drive link(s) to motor crank arm 

4. Air inlet screw /panel 

5. Transmission drive link(s) from the motor crank 
arm 

6. Transmission-to-body attaching screws 

7. Transmission and linkage assembly by guiding it 
through access hole in shroud upper panel 

E3 Install or Connect 

1. To install transmission and linkage assembly, po
sition assembly in plenum chamber through the 
shroud upper panel openings. 

2. Loosely install transmission to body attaching 
screws. 

3. Transmission drive link to motor crank arm and 
tighten attaching nuts to 7 N·m (64 lbs. in.) 

4. Align transmission and tighten attaching screws to 
body. 

5. Air inlet screen/panel 

6. Wiper arm and blade assemblies and adjust as de
scribed under "Wiper Arm Adjustment" 

7. Check wiper operation, wipe pattern and park 
position. 

8. Cowl vent screen or cowl upper panel and screen 

9. Check washer nozzle alignment. 

WIPER ARM 

Fig. 12 

l••I Remove or Disconnect 

1. With wipers "On", tum ignition "Off' when 
wiper arm is at the mid-wipe position. 

2. Lift wiper arm from windshield and pull retaining 
latch. 

3. Arm from transmission shaft 

I• •I Install or Connect 

1. Arm on transmission shaft 

2. Push retaining latch in and return arm to 
windshield. 

3. Park wipers 

WIPER ARM ADJUSTMENT 

l~IAdjust 

Adjustment should not be required. However. if 
adjustment is required, it can be performed as follows: 

1. Remove the right arm and blade assembly. 

2. Loosen. do not remove, the transmission drive 
link-to-motor crank arm attaching nuts. 
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WIRING 
HARNESS 
CONNECTORS 

INSTRUMENT 
PANEL SWITCH 

STANDARD SWITCH . 

"MIST IS SPRING 
RETURN ANO OPTIONAL 

Fig. 6 Testing Standard WIS Wiper-Washer Switch 

WIRING 
HARNESS 
CONNECTORS 

INSTRUMENT 
PANEL SWITCH ,-------------, 

I M1$TO,f PULSE LO HI 

WASHER 
(-l MOTOR 

9 8 7 

DIGITAL VOLTMETER 
PULSE SWITCH 

~1~~A 
::' 

Fig. 7 Testing Pulse W/S Wiper-Washer Switch 

3. Rotate the left arm assembly to a position slightly 
below the blade stops. 

4. Tighten the attaching nuts on the transmission 
drive link(s) to motor crank arm 7.5 N · m (66 lbs. 
in.). 

5. Position the right arm and blade assembly slightly 
below the blade stop and install arm assembly to 
transmission shaft. 

6. Lift the right and left arm and blade assemblies . 
over the stops. 

7. Check wipe pattern and park position. Dimension 
A is 18 mm (11/16") from top of driver's blade 
on outwipe to paint line and 6 mm (15/64") from 
edge of glass in park position. 

The correct park position and outwipe dimensions 
are• determined with the wipers operating at low speed 
on a wet glass. 

WIPER BLADE 

Fig. 12 

l••I Remove or Disconnect 

Anco® 
1. Place wiper arm at the mid-wipe position, see 

"Wiper Arm" 

2. Lift blade retainer. 

3. Wiper blade 

Trico® 
1. Place wiper arm at the mid-wipe position, see 

"Wiper Arm". 
2. Disengage blade retainer with a small screwddver. 

3. Wiper blade 
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}~ \\~\\\ ~\ t\ 1b~ ~ \ ~~ ~:,s. :OS, 
TERMINAL# 

1 C C C C C C 
2 B(+) - B(+) B(+) - *B(+) 

3 B(+) B(+) - B(+) - *B(+) 

w 4 - - - - - -
!J 5 - - - - - -~ 
CL 6 10-12V 10-12V 10-12V 10-12V 10-12V B(+) 

7 GROUND GROUND GROUND GROUND GROUND GROUND 
8 C C C C C C 
9 - - - - B(+) -
1 I\\\\ C \. \ \ \ \ C C C 
2 \\\\\ - \\\\ B(+) - *B(+) 

3 \\\\ B(+) \ \ \ \' B(+) - "B(+) 
Cl 4 \\\\ -a: \\\\\ - - -
g 5 \\\\\ - ~ \ \ \ \ - - -
e 6 ,\ \\ \ - \\\\ - - B(+) 

7 \\\\ GROUND I\\\\' GROUND GROUND GROUND 
8 ,\ \ \ \' C \. \ \ \ \ C C C 
9 \\\\\ - \\\\ - B(+) -

C = CONTINUITY t TERMINALS #12 & #3 CONNECTED TOGETHER. "EXCEPT ON HI. 

Fig. 8 Wiper-Washer Switch Check Chart 

CHECK FOR WASHER PUMP OPERATION BEFORE 
REMOVING FROM VEHICLE. REMOVE COVER 
HARNESS CONNECTOR AND APPLY 12V(+)TO #4 
TERMINAL OF WIRING HARNESS, GROUND #5 
TERMINAL AS SHOWN. 

WIRING 
HARNESS 
CONNECTOR ~::1::::1:::::==:& 

6 5 4 3 2 1 

,n L B( +) ON TERMINAL #4 
,- NM "!iii' It) fl) 

'41, ,_""...,"""" 
...J...J...J...J...J...J 
<<<<C<< zzzzzz 
i~i:E~:i 
a:a:a:a:a::a: wwwwww 
I- I- I- I- I- I-

Fig. 9 Washer Pump On-Car Check 

. 1••1 Install or Connect 

Anco® and Trico® 
I. Wiper blade onto wiper arm 

2. Park wipers. 

WIPER BLADE INSERT 

Fig. 12 

I• •I Remove or Disconnect 

Anco® 
1. Place wiper arm at the mid-wipe position, see 

"Wiper Arm". 

2. Push down on insert retainer. 

3. Insert with retainer 

Trlco® 
1. Place wiper arm at the mid-wipe position, see 

"Wiper Arm". 

2. Squeeze insert retainer together. 
3. Insert 
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--.--DRIVE 

NOTE: WHEN 
ASSEMBLING 
COVER.MAKE 
SURE DRIVE PIN 
IS IN LARGE 
ANGLED OPEN 
AREA OF CAM. 

E] WIPER IN PARK POSITION 

0 DRIVEPIN 

[!] SCREW-2N,m (18 LBS. IN.) 

Fig. 10 Pulse Wiper (Cover Removed) 

E3 Install or Connect 

Anco® and Trico® 
I. Insert with retainer 

2. Engage retainer. 

3. Park wiper arms. 

WINDSHIELD WASHER 

Fig. 13 

PIN 
MUST 
BE 
IN 
THIS 
OPEN 
AREA 

A correctly operating windshield wiper-washer 
system has a spray pattern tbatdeans 75% of the wipe 
pattern (Fig. 13) within ten wiper cycles. 

If the nozzles become plugged, apply air pressure. 
If nozzle remains plugged, the nozzle must be replaced. 
If the spray pattern is too low or too high on the wind
shield, wedge-type adjustment shims can be used. 
Placement of a shim under the nozzle mounting bracket 
will raise the pattern three degrees. Reverse installation 
of the same shim will lower the pattern three degrees. 

UNIT REPAIR 
Figs. 14 through 17 

GEAR REPLACEMENT rn Important 

• Clamp crank arm in vise. 

1••1 Remove or Disconnect 

1. Crank arm retaining nut 

· 2. Crank arm 
3. Rubber seal cap 

4. Thrust collar or retaining ring. (Thrust collar is on 
original motor. Retaining ring to be used on service 
motor.) 

5. Shim washers 

6. Shield 

7. Spacer washers 

8. Park switch assembly 

9. Large gear 

10. Inner spacer washer 

11. Intermediate gear retainer 

12'. Intermediate gear 

l•l•I Disassemble 

1. Drive plate and shaft assembly 

1•!3 Assemble 

1. Drive plate and shaft assembly into new large gear rn Important 

• Move drive and lock pawls as required to 
allow their respective pins to fit in the gear 
pockets. Make sure drive plate is firmly 
against gear. 

2. Intermediate gear 

3. New intermediate gear retainer 

4. Inner spacer washer onto large gear tube 

5. Large gear (See wiper-washer mechanism lube 
note) 

6. Spacer washer 

7. Shield 

8. Shim washers as required to obtain 0.03 to 0.25mm 
(0.001 to 0.010 in.) end play. 

9. Retaining ring (in place of thrust collar on original 
motor) 

10. Rubber seal cap 

11. Crank arm 

!~I Tighten 

1. Crank arm nut (in vise) to 42 N·m (31 lbs. ft.) 

I L1S I inspect 

1. Check for proper motor operation (Sec "Wiper 
On-Car Check"). 
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' 

Fig. 11 Wiper Transmission (Typical) 
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1. WIPER ARM 
2. TRANSMISSION SHAFT 
3. WIPER ARM RETAINING LATCH 
4. WIPER BLADE REMOVAL 
5. WIPER INSERT REMOVAL 
6. WIPER BLADE ASSEMBLY 
7. WIPER INSERT 
8. SCREWDRIVER 
9. BLADE RETAINER 

10. INSERT RETAINER 

Fig. 12 Wiper Arm, Blade and Insert 

VIEWB 

ANCO® 

· VIEWC 

TRICO® 

HJ6235-dE1-G-R1 
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. 1. COWL PANEL 
2. NOZZLE 
3. WIPER M~SEMBLY 
4. WASHER PUOR ASSEMBLY 

5. WASHER SO MP . 
67. NOZZLE SPRi.:ve~: CONTAINER 

· GASKET .. TTERN 

VIEWA 

H351119-IIE4-,.•RI 

Fig. 13 Wash er Nozzl e and Container Mounting 

OJ CHISEL 

{]J THRUST COLLAR}RING 

Gear Removal 
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DJ GEAR POCKETS 

W LOCKPAWL 

[II PAWL SPRING 

W DRIVE PAWL 

~"4-AN . 

Fig. 16 Gear-Pawl Alignment 

l ' I 

2N,m 
8LB. IN.) 

TORQUE · 

WBRICATE 
WITH 
SUPPLIED 
GREASE 

SERVICE PACKAGES 

El COVER 

[!] PARK SWITCH 

l"3' DRIVE SHAFT 
L!J PACKAGE 

G GEAR PACKAGE 

IT] CRANKARM 

Fig. 17 Wiper-Washer Mechanism 
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SECTION 9A 

RADIO SYSTEMS AND ANTENNAS 
The following •Notice" applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: "NOTICE: See "Notice" on page 9A-1 
of this section. 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. H the correct 
part nµmber fastener is not available, a fastener of equal size and strength ( or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. H the above conditions are not followed, parts or system damage 

. could result. 

CONTENTS 
General Description .................................. ....... .. 9 A-1 

Speakers .......................................................... 9A-1 
FM Reception ................................................ 9A-2 
Stereo Sound .................................................. 9A-2 
Fixed Mast Antenna ...................................... 9A-2 
Power Antenna .............................................. 9A-2 

Operating Instructions ....................................... 9A-2 
ETR AM-FM Stereo (UM7) ......................... 9A-2 

Radio Operation ....................... 9A-2 
ETR Stereo/Cassette (UM6) ............. 9A-3 
Radio Operation ......................................... 9A-3 
Tape Player Operation ............................... 9A-3 

ETR Stereo/Cassette/Equalizer 
(UXl) .......................................................... 9A-3 
Radio Operation ......................................... 9A-3 
5-Band Graphic Equalizer ......................... 9A-4 
Tape Player Operation ............................... 9A-4 

Delco-GM/Bose Music System 
(lJU8) .......................................................... 9A-5 
Radio Operation ......................................... 9A-5 
Tape Player Operation ............................... 9A-S 

ETR AM-FM Stereo/Compact Disc 
(UIC) ............................... 9A-6 
Radio Operation ......................................... 9A-6 
Compact Disc Operation ........................... 9A-6 

Setting Delco-Loe II Anti-Theft 
Feature ........................................................ 9A-7 

Unlocking Secured Radio After 
Power Loss .................................................. 9A-7 

Stereo Cassette Tape and Tape Player 
Care ............................................................. 9A-7 

Compact Disc Care ........................................ 9A-7 
Power Antenna Mast Care ............................ 9A-9 

Diagnosis ............................................................ 9A-9 
Radio .............................................................. 9A-9 
Cassette Tape Player ...................................... 9A-9 
Speaker ........................................................... 9A-9 

GENERAL DESCRIPTION 
SPEAKERS 

NOTICE: All Delco factory equipped sound 
systems have ungrounded speakers. Installing 
add-on tape players, CBs or other units that use 

Antenna .......................................................... 9A-9 
Testing for Good Ground of 

Antenna Mounting and 
Connections ............. : ............................ 9A-9 

Power Antenna Check ...................••........ 9A-10 
Moisture in Antenna Tube ...................... 9A-10 
Checking Lead-In Cables ......................... 9A-10 
Checking Fixed Antennas ........................ 9A-10 

On-Vehicle Service ........................................... 9A-11 
Radio Receiver ............................................. 9A-ll · 
Front Radio Speaker .................................... 9A-11 
Rear Quarter Radio Speaker ....................... 9A-11 
Rear Compartment Radio Speaker ............. 9A-l 1 
Front Bose Amplifier and Speaker .............. 9A-ll 
Rear Bose Amplifier Tuned 

Enclosure ................................................... 9A-12 
Hood Seal Radio Suppression 

Equipment ................................................. 9A-12 
Heater Blower Motor Radio 

Suppression Equipment ............................ 9A-13 
Fixed Mast Antenna .................................... 9A-13 
Power Antenna Assembly ............................ 9A-14 
Power Antenna Mast Section ...................... 9A-15 

Unit Repair .. ; ................................................... 9A-15 
Power Antenna System ................................ 9A-15 
Wiring Circuits ............................................. 9A-17 
Power Antenna Motor Disassembly ............ 9A-17 

Antenna Motor and Gear Housing 
Cover ...................................................... 9A-17 

Antenna and Tube Assembly ................... 9A-17 
Limit Switch (Includes Motor 

Brushes, Circuit Breaker and 
Leads) ................................................. 9A-18 

Armature and Field Assembly ................ 9A-18 
Gear Assembly ......................................... 9A-19 

Specifications .................................................... 9A-22 
Special Tools .................................................... 9A-22 

the car speakers may damage sound system and 
impair operation of the added unit. Consult an 
authorized dealer in advance if considering 
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9A-2 RADIO SYSTEMS AND ANTENNAS 

NOTICE: All radios are the bridge audio type, 
using two wires to each speaker. It is very 
important when changing speakers or performing 
any radio work to avoid pinching the wires. A 
short circuit to ground from either wire will cause 
damage to the output circuit in the radio. 

When installing a new radio, or when noise is a 
problem, ensure that radio suppression equipment is 
present and properly installed. 

FM RECEPTION 

Although FM is normally static free, reception 
can be limited by terrain, atmospheric conditions, 
station strength and distance from the transmitter. 
Buildings or other obstructions can cause momentary 
static, flutter or station swapping. If reception is poor, 
tuning to a stronger station will bring improvement. 

STEREO SOUND 

All factory equipped sound systems with an FM 
stereo radio will switch to stereo operation whenever 
an FM stereo broadcast is being received, and an 
indicator in the dial will light. Stereo operation means 
the radio is separating a stereo broadcast back into the 
original two channels, called "left" and "right". Stereo 
sound is noticeably more realistic to the ear. 

FIXED MAST ANTENNA 

The fixed mast antenna is designed to withstand 
most car washes without damage. It cannot be adjusted 
up or down. If the mast becomes slightly bent, you can 
straighten it by hand. The mast antenna can be 
replaced if severely bent. Mast antennas must be kept 
clean for good performance. 

POWER ANTENNA 

The optional power antenna is controlled by the 
radio. When the radio is on the antenna will go up. 
When the radio is turned off either by the "ON/OFF" 
knob or by turning the ignition switch to the "OFF" 
position, the antenna is designed to go down. 

OPERATING INSTRUCTIONS 
All 2000 series radios feature ETR ( electronically 

tuned receiver) tuning; vacuum fluorescent display, 
AM-FM stereo, seek and scan tuning, and digital clock 
display. 

When the radio is first turned on, the radio 
frequency will appear on. the display for five seconds 
and then the display will return to the time display. To 
recall the radio frequency, push in the upper knob, 
while the radio is turned on, and the frequency will 
appear on the display for five seconds. When the 
ignition lock cylinder is in the "LOCK" or "OFF" 
position the radio display is blank. To display the time, 
when the ignition cylinder is in•the "OFF .. or "LOCK" 
position, push the upper knob and the time will display 
for five seconds and then the display will be blank. 

ETR AM-FM STEREO (UM7) 
Figure 1 

Radio Operation 
• Power Button ("PWR"')• press to turn radio 

on. Press again to turn radio off. 
• Upper Knob · rotate knob to control volume. 

Press knob to recall station frequency when 
listening to the radio with ignition on or to 
display time of day with ignition off. 

• Balance Control (located behind upper knob) 
- tum to adjust left/right speaker balance. 

• Lower Knob • rotate knob to tune radio stations 
manually. Frequency will be displayed during 
tuning. Press knob to select AM or FM band 
alternately. · 

• Front/Rear Speaker Control (located 
behind lower knob) - rotate control to adjust the 
sound between the front and rear speakers. 

• Bass and Treble Controls slide treble control 
up to increase treble or down to decrease treble. 
Slide bass control up to increase bass or down to 
decrease bass. 

Station Preset Buttons 

The radio has four pushbuttons for presetting 
favorite stations: . · 

1. Select the desired band (AM or FM), and tune to 
the desired station. 

2. Press "SET" button. Within. five seconds pres&-~ 
one of the four station buttons. The radio will 
tune in the selected station whenever that station 
preset button is pressed. 

Seek and Scan 
Use the "SEEK" and "SCAN" buttons for 

automatic station tuning. Press "SCAN" button to 
sample each station being received automatically. To 
stop "SCAN", press "SCAN" button again. The 
"SCAN" indicator lamp on the frequency dial will be 
lit during "SCAN" operation. Press the "SEEK" 
button to locate and retain the next listenable station 
on the band automatically. The FM stereo indicator 
will light when tuned to an FM station broadcasting in 
stereo. 

Time Set 
To set hour, press "SET" button. The "SET" 

indicator lamp on the dial will then light up and the 
radio frequency will be displayed. Then press the 
"SCAN" button, holding "SCAN" button in until 
correct ·hour appears. 

To set minutes, press "SET" button. The "SET" 
indicator light will then light up and the radio 
frequency will be displayed. Then press "SEEK" 
button, holding "SEEK" button in until correct minute 
appears. 

After pressing the "SET" button, the radio __ 
frequency will be displayed. The time of day will be 
displayed when pressing the "SCAN" or "SEEK" 
button. 
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Figure 1 - UM7 Radio 

ETR STEREO/CASSETTE (UM6) 
Figure2 

Radio Operation 

HZ0010-9A 

• Power Button - press to turn radio on. Press 
again to turn radio off. 

• Upper Knob - rotate knob to control volume. 
Press knob to recall station frequency when 
listening to the radio with the ignition on, or to 
display time of day with ignition off. 
Press knob to select the other side of the tape 
when the cassette is playing. 

• Balance Control (located behind upper knob) 
- turn to adjust left/right speaker balance. 

• Lower Bulb - rotate knob to tune radio stations 
manually. Frequency will be displayed during 
tuning. Press knob to select AM or FM band 
alternately. 

• Front/Rear Speaker Control (located 
behind lower knob) - rotate control to adjust the 
sound between the front and rear speakers. 

• Bass and Treble Controls - slide treble 
control up to increase treble or down to decrease 
treble. Slide bass control up to increase bass or 
down to decrease bass. -

Station Preset Buttons 
The radio has four pushbuttons for presetting 

favorite stations: _' _ 
1. Select the desired band (AM or FM) and tune to 

the desired station. 
2. Press •sET" button. Within five seconds, press 

one of the four station preset buttons. The radio 
will tune in the selected station whenever that 
station preset button is pushed. 
Up to three additional stations on each band may 

be preset by "pairing" the pushbuttons. 
1. Tune in the desired station; 
2. Press "SET", and within five seconds press any 

two adjacent pushbuttons at the same time. 

Seek and Scan 
Use the "SEEK" and "SCAN" buttons for 

automatic station tuning. 
Press •scAN" button to sample each station 

being received automatically. To stop "SCAN", press 
"SCAN" button again. 
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The •sCAN" indicator light on the frequency 
dial will be lit during "SCAN• operation. Press the 
"SEEK" button to locate and retain the next listenable 
station on the band automatically. The FM stereo 
indicator will light when . tuned to an FM station 
broadcasting in stereo. · 

Time Set 
To set hour, press "SCAN• button. The 

"SET.indicator lamp on the dial will then light up and 
the radio frequency will be displayed. Then press 
•sCAN" button, holding "SCAN" button in until the 
correct hour appears. 

To set minutes, press "SET• button. The "SET• 
indicator lamp will then light up and the radio 
frequency will be displayed. Then press "SEEK" 
button, holding "SEEK" button in until correct minute 
appears. 

After pressing the "SET" button, the radio 
frequency will be displayed. The time of day will be 
displayed when pressing the •scAN" or "'SEEK"' 
button. · 

Tape Player Operation 
Insert the ~tte squarely into tape door, with 

the exposed edge entering first. The tape will snap into 
position when fully inserted. This automatically 
switches the unit from radio to tape operation. After _ 
the cassette has snapped into position. adjust the 
volume and fader controls. 

To advance tape rapidly, press the button next to 
the lighted arrow (arrow on button points in the same 
direction as lighted arrow). 

To reverse tape and locate an earlier selection, 
press the button which has an arrow pointing in the 
opposite direction. To stop fast motion and return to 
playing speed, press •sTOP-EJECT" lightly; press 
again, but more firmly to eject the tape. 

Press the upper left knob (volume control) to play 
the other side of the tape. When the end of tape is 
reached, it automatically reverses and plays the other 
side. When the left indicator lamp is lit, the top side of 
the tape is playing. When the right indicator lamp is lit, 
the bottom side of the tape is playing. To remove the 
tape or listen to the tape or listen to the radio, push the 
•sTOP-EJECT• button. 

Press the dynamic noise reduction "(DNR® )" 
button to reduce high frequency background hiss on 
AM, FM, FM stereo, and tape. 

For best results, 120 minute tapes are not 
recommended. 

ETR STEREO/CASSETTE/EQUALIZER (UX1) 
Figure 3 

Radio Operation 
• Power Button - press to turn radio on. Press 

again to turn radio off. 
• Upper Knob - rotate knob to control volume. 

Press knob to recall station fr~uency when 
listening to the radio with the ignition off. Press 
knob to select the other side of the tape when the 
cassette is playing. 
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• Loudness Button ("LOUD") - press to boost 
bass frequencies when the system is playing at 
low volume. 

• Balance Control (located behind upper knob) 
- tum to adjust left/right speaker balance. 

• Lower Knob - rotate knob to tune radio stations 
manually. Frequency will be displayed during 
tuning. Press knob to select AM or FM band 
alternately. 

• Front/Rear Speaker Control (located 
behind lower knob) - rotate control to adjust the 
sound between the front and rear speakers. 

• AM Stereo (" AM~ST,.) - press to receive AM 
stereo. "Stereo" indicator lamp will be displayed 
when tuned to a station broadcasting 
C-Quam.@AM stereo, provided it is being 
received with adequate signal strength. When the 
button is out, all AM stations will be received in 
monaural, single-channel sound. C-Quam@is 
registered trademark of Motorola, Inc. 

• FM Stereo - The stereo indicator lamp will be 
displayed whenever tuned to an FM station 
broadcasting in stereo. Stereo operation means 
the radio is separating a stereo broadcast back 
into the original two channels, called "left• and 
•righl" 

5-Band Graphic Equalizer 
5-Band graphic equalizer allows you to adjust 

bass, midrange, and treble to suit personal taste. Move 
control up to increase frequency range or down to 
decrease frequency range. Note that 60 and 250 denote 
bass; lK denotes midrange; 3 .4K and lOK denote 
treble. 

Generally, the lK control is placed in the center 
(detent) position, while the bass and treble controls are 
adjusted upwards to varying degrees. Since the lOK 
control has the most influence on treble, it may 
produce high frequency hiss when fully up. If this 
occurs, move it down until the hiss disappears. 

This radio has automatic Dynamic Noise 
Reduction (DNR@) to . reduce high frequency 
background hiss on AM, FM, AM Stereo, FM Stereo, 
and tape. 

Station Preset Buttons 
The radio has four pushbuttons for presetting 

favorite stations: 

1. Select the desired band (AM or FM) and tune to 
the desired station. ' 

2. Press "SET" button. Within five seconds press 
one of the four station buttons. The radio will 
tune in the selected station whenever that station 
preset button is pressed. 
Up to three additional stations on each band may 

be preset by ,. pairing" the pushbuttons. 
1. Tune in the desired station. 
2. Press "SET", and within five seconds press any 

two adjacent pushbuttons at the same time. This 
station will return when the two buttons are 

· ·pressed again. 

Seek and Scan 
Use the •sEEK• and "SCAN" buttons for 

automatic station tuning. Press "SCAN,. button to 
sample each station being received automatically. To 
stop "SCAN", press "SCAN• button again. The 
"SCAN" indicator lamp on the frequency dial will be 
lit during •scAN• operation. 

Press the "SEEK" button to locate and retain the 
next listenable station on the band automatically. The 
FM stereo indicator will light when tuned to an FM 
station broadcasting in stereo. Stereo ( dual channel) 
sound is more realistic. · 

Time Set 

To set minutes, press "SET" button. The "SET" 
indicator lamp will then light up. Then press "SEEK" 
button, holding "SEEK" button in until correct minutt 
appears. 

To set minutes, press "SET,. button. The "SET• 
indicator light will then light up. Then press "SEEK,. 
button, holding "SEEK" button in until correct minute 
appears. 

After pressing the •sET" button, the radio 
frequency will be displayed. The time of day will be 
displayed when pressing the •scAN" or "SEEK" 
button. 

Tape Player Operation 
Insert the cassette squarely through the door. 

This automatically switches the unit from radio to tape 
operation. If the sound is garbled or if there is no 
sound,. eject the tape and reinsert it squarely. · 

To advance the tape, press the forward (,.FWD") 
button. To listen to the earlier portion of the tape, press 
the reverse ("REV") button. To stop forward or 
reverse movement, press the opposite button lightly. 

To listen to the next selection, slide the 
"SEARCH• button to the right and press the forward 
("FWD"') button. The radio will seek the next 
selection. To listen to the previous selection again, slide 
the "SEARCH" button to the right and press the 
reverse (,.REV") button. The radio will repeat the 
previous selection. 

The "ON" lamp, to the right of the search switch, 
will be on while the search function is engaged. When 
the left triangle indicator lamp is lit, the top side of the 
tape is playing. When the right triangle indicator lamp 
is lit, the bottom side of the tape is playing. 



· To play the other side of the tape before the 
present side has ended, press the upper left knob. When 
end-of-tape is reached in one direction. the unit will 
automatically play the other side of the tape. To 
remove the tape or listen to the radio, push the 
•EJEcr button. When the ignition is turned off, the 
tape is automatically ejected. 

The equalization setting will vary according to 
the type of tape being used. Chrome (Cr02) and metal 
tapes usually have 70 usec equalization, while standard 
(iron) tapes have 120 usec equalization. The tape bias 
is often indicated on the cassette label or case. Select 
the setting for proper tape equalization as follows: 
• Select 70 usec (pushbutton in). 
• Select 120 usec (button is out). 
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Figure 3 - UX 1 Radio 

DELCO~GM/BOSE MUSIC SYSTEM (UU8) 
Figur,4 

Radio Operation 

• Upper Knob - Rotate knob to tum radio on or 
off and to control volume. To recall station 
frequency when listening to the radio, press knob, 
or, press to momentarily display time of day with 
the ignition off. Press knob to select the other side 
of the tape when the cassette is playing. 

• Lower Knob - Rotate knob to tune radio 
stations manually. Frequency will be displayed 
during tuning. Press knob to alternately select 
AM or FM band . . 

• Front/Rear Speaker Control (located 
behind lower knob}- Rotate control to adjust the 
sound between the front and rear speakers. One 
of the things that makes the Delco-GM/Bose 
Music System unique is that the custom 
equalization of the car body interior has 
eliminated the need for a left/right balance 
control since proper left/right balance has been 
designed into the system. 

• Bass and Treble Controls - Slide treble 
control up to increase treble or down to decrease 
treble. Slide bass control up to increase bass or 
down to decrease bass. The normal position for 
the bass and treble controls on the 
Delco-GM/Bose Music System is to be all the 
way "up". However, if you are receiving a weak 
stereo signal, you may experience high frequency 
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noise. To reduce the high frequency emphasis, 
slide the treble control down. 

• Preset Station Buttons -This radio has four 
buttons to select your favorite ·stations easily. 
Four AM and four FM stations may be selected. 

• To Set Preset Buttons: 
l. Tune in the desired station on the AM or FM 

band 
2. Push "SET" button. 
3. Push one of the four buttons. 

The radio will now tune to the selected station 
whenever the station button is pressed. 

• Seek and Scan - Use the "SEEK AND 
SCAN• buttons for automatic station tuning. 
Press "SCAN" button to sample each station 
being received automatically. To stop "SCAN," 
press •sCAN" button again. 
The "SCAN" indicator will be lit during 
"SCAN• operation. · 
Press the "SEEK• button to locate and retain the 
next listenable station on the band automatically. 

• Time Set - To set the hour, press "SET" button . 
The "SET" indicator will then light up on the 
display and the radio frequency will be displayed. 
Then, press "SCAN• button and hold in until the 
correct minutes appear. 
To set the minutes, press "SET• button. The . 
•sET" indicator will then light up on the display 
and the radio frequency will be displayed. Then 
press •SEEK• button and hold in until the 
correct minutes appear. 
NOTE: After pressing the "SET" button, the 
radio frequency will be displayed. The time of the 
day will be displayed when the "SCAN" or 
"SEEK" button is pressed. 

Tape Player Operation 
• Tape Door - Insert the tape squarely through 

the door. This automatically switches the unit 
from radio to tape operation. 

• Forward Button ("FWD") - Press to advance 
tape. To stop forward motion, press the REV 
button lightly. 

• Reverse Button ("REV") - Press to reverse 
direction. To stop reverse motion, press the FWD 
button lightly. 

• Tape Eject Button ("EJECT") - Press to eject 
tape. 
For best results, 120 . minutes tapes are not 
recommended. 

• Reversing Sides - Press the upper left knob 
(volume knob) to play the other side of the tape. 
When the end of tape is reached, it automatically 
reverses direction and plays the other side. 

• Tape Indicator Lamps (triangle shape) -
When lighted arrow located below the tape door 
points •up," the top side of the tape is being 
played. When the arrow points •down,• the 
bottom side is being played. 

• Music Search Control ("SEARCH") - To 
listen to the next selection, slide "SEARCH~ 
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control to the right and then advance to the 
beginning of the next selection and begin playing. 
To listen to the present selection a~ slide 
"SEARCH" .button to the right and then press 
the "REV" button. The tape will then reverse to 
the beginning of the present selection and begin 
playing. 
For the SEARCH function to work properly, 
there must be at least" five blank seconds between 
selections. 
The •on" lamp will be lit while the search 
function is engaged. 

• Dynamic Noise Reduction Button 
(DNR@)- Removes high frequency background 
hiss on AM, FM, FM stereo, and cassette tapes. 
Press button in to activate DNR We suggest 
always leaving DNR on. 
Your cassette is equipped with Dolby@noise 
reduction. This reduces high frequency hiss on 
tapes. This feature is automatic. 

• Tape Equalization Button (CrO2/M) - Select the 
70 usec ( chrome or metal) tape by pressing button 
in or 120 usec (standard) by leaving button out. 

KC6612-9A-F- P 

Figure 4 - UUS Radio 

ETR AM-FM STEREO/COMPACT DISC (U1C) 
Figure 5 

This advanced ETR has many conveniences. The 
graphic display provides information about time, 
station frequency, band (AM or FM), stereo, volume, 
speaker balance, and the compact disc. Lighting dims 
with other instruments to prevent glare at night. 

Radio Operation 
• "POWER" Button -Turns radio on and off. (It 

also goes on and off with ignition key). 
• "VOLUME" Button - Adjusts volume up or 

down. (Press center of button to get a factory 
pre-set level). 

• AM-FM Button - Press to get AM or FM (the 
lighted display shows your selection). 

• "SEEK" - Press to go to next station and stay 
there; press again and it will find another station 
for you. 

• "SCAN" - Press to hear each station for a few 
seconds; press again when you hear something 
you like and want to stay there. 

• "TUNE" - This tunes only while button is held, 
then stops. It is not as easy as using •sEEK" or 
"SCAN* (watch the display). 

• Pushbuttons - There are five of these in lower 
right corner. They help you return to favorite 
stations. (Note: The buttons have other uses when 
a disc is playing). To set the pushbuttons for up 
to ten favorite stations (5 AM and 5 FM), just: 
• Tune-in the station. · 
• Push "SET" and within 5 seconds ... 
• Push one of the five pushbuttons. 

• Clock Setting: . 
• Press "SET", and within 5 seconds ... 
• Press and hold "SEEK" until clock shows 

correct hour. 
• Press and hold "SCAN" until clock shows 

correct minute. 
• "RCL" (Recall) - Press this to switch between 

time and frequency on the display. 
• Stereo is received by tuning to any FM station 

broadcasting in stereo )"ST" shows on the 
display). 

• Adjusting Tone: - Press top of "BASS" to 
increase bass, or bottom of "BASS" to decrease 
(pressing in center gives mid-range setting). Press 
"TREB" to increase treble, or bottom of "TREB" 
to decrease (pressing in center gives mid-range 
setting). 

• "BAL• (Balance) - This is the way to balance 
the speakers: 
Press top of .. BAL" sound in front speakers, or 
bottom of "BAL" to increase rear speakers 
(pressing both at the same time balances the 
sound). Press right side of "BAL" to increase 
sound in right speakers, or left side of "BAL" to 
increase left (pressing both at same time balances 
the sound). 

Compact Disc Player Operation 
Press "Power" to turn radio on. Insert disc 

part-way into slot, label side up (player pulls it in). 
Wait a few seconds and disc should play. If disc comes 
back out, check for ... 

• 

• 

• 

• 

• Disc upside down. 
• Disc dirty, scratched or wet. 
• Too much moisture in air. 

• Wait about one hour and try again. 
"RCL" (Recall) - Press to see what track is 
playing ... press again within 5 seconds to see how 
long it has been playing. 
• Track number also shows up when volume 

is changed or a new track starts to play. 
"PREV" (Previous) - Press to play track again. 
• If held or pressed more than once, disc 

returns to previous tracks. 
"NEXT". Press when you want to hear the next 
track now (instead of waiting until present track 
is finished). 
• If held or pressed more than once, disc 

advances further. 
"REV" (Reverse) - Press and hold to rapidly 
return to a favorite passage; release to play the 
passage. 



• · "FF" (Fast Forward) - Press and hold to . 
rapidly advance within a track; release to resume 
playing. . 

• "COMP" (Compression) - Pressing this 
makes soft passages louder. 

• When finished with the disc player, you can: 
• Press "POWER" . button or turn ignition 

key off (disc stays in player and starts at 
point where it ended when turned back on). 

• Press "ST /PL" (Stop/Play) - Disc stops 
and radio plays; press again to return to disc 
(continues playing at point where stopped). 

· • · Press "EJCT" - Disc ejects and radio plays 
'(disc starts at track 1 when inserted again). 

• Your disc may eject or mute temporarily on very 
rough roads, or when temperature is abnormally 
hot or cold. The unit will resume proper 
operation when normal conditions return. (If 
"HOT" appears on lighted display, press "RCL0 

to remove.) · 

iJB:B.BM E31~ ---■--•-----· ◄ r;i ► • • L.U.UUUUU1Ua l::J 
.,.._ El ... -

-..-==-,=-:, - c::::, IJiii] 

f --3 
., -iFf (-1 1 • 11 • I i a i i .. , , • • 

KC6551-9A-P-RP 
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SETTING DELCO-LOC II ANTI-THEFT FEATURE 
Figure 6 

The following instructions tell you how to enter 
a secret code into the radio. Then, if battery 
power is lost for any reason, the secret code must 
be entered again before the radio will tum on. 

1. Write down any 6-digit number and keep in safe 
place. 

2. Tum ignition to "ACC" or "RUN" position. 
3. Press "PWR" button to turn radio off. 
4. Press "PREY" and "FF" buttons together and 

hold until"---" shows on the display. 
• Do not wait more than 15 seconds between each 

step. 
5. Press "SET" and "'000" appears on the display. 
6. Press "SEEK" and hold until the first digit of 

your code appears. 
7. Press ,,SCAN" and hold until the second and 

third digits appear. 
8. Press "AM-FM" ("000" appears). 
9. Press "SEEK" and hold until the fourth digit of 

code appears. 
10. Press "TUNE" and hold until the fifth and sixth 

digits of code appear. 
11. Press "AM-FM" ("REP" appears for S seconds, 

then "000" appears). 
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12; Repeat steps 6 thru 11. "SEC,,. will then be seen 
on the display, meaning your radio is secured. 

UNLOCKING SECURED RADIO AFTER POWER 
LOSS . 

Figure 7 

When battery power is reapplied to a secured 
radio, the radio won't turn on and "LOC" 
appears on the display. Enter the secret code as 
follows: (Do not pause more than 15 seconds 
between steps.) 

1. Tum ignition on. 
2. Press "SET" and "000" appears on the display. 
3. Press "SEEK" and hold until the first digit of the 

secret code appears. 
4. Press "TUNE" and hold until the second and 

third digits appear. 
5. Press AM-FM and ,,000,, appears on the display. 
6. Press "TUNE" and hold until the fourth digit of 

your secret code appears. 
7. Press "TUNE" and hold until the fifth and sixth 

digits of code appears. 
8. Press ,. AM-FM" ("SEC" appears and radio can 

be turned on). Radio stays in secured mode. 

STEREO CASSETTE TAPE AND TAPE PLAYER 
CARE 
Figure 8 

Optimum performance can be maintained by 
cleaning the internal tape head, capstan, and pinch 
roller each 100 hours of operation. This can be done by 
inserting a nonabrasive cleaning cassette in place of the 
music tape. 

NOTICE: Do not use silicone spray lubricant for 
switch, plunger or tape head lubrication. NO 
lubricants should be used since they cause the 
player to operate improperly, especially at extreme 
temperatures. Do not bring any magnetized tools 
near the tape head. If the . head becomes 
magnetized, · every cassette played will be 
degraded. 

Store cassettes away from extreme heat or direct 
sunlight. Protect the open ends from dirt or damage; 
store them in their original cases or other protective 
cases. For best results; 120 minute tapes are not 
recommended. 

When leaving the vehicle, cassettes may be left in 
the tape player. Tapes are either automatically ejected 
or internally protected. 

COMPACT DISC CARE 
Handle discs carefully. Store in protective case 

away from sun, heat, and dust. If surface is soiled, 
dampen a clean soft cloth in a solution of mild neutral 
detergent and wipe dean. Mini discs called ,,singles" 
(about 3 inches diameter) will not eject and should not 
be used. 



gA-8 RADIOS TEMS AND ANTENNAS 

I --- 10 
1 aaa 10 
I · IDD 10 
I li:'3 10 
1 aaa 10 
1 '-laa 10 

"ISEi m 

I rEP 10 
I aaa I 

SEC 
r;;, STEP4 

~ rj;"1 STEP9 r;7 STEPS ~ 
~ rci'7 STEP10 fc1 STEP6 L:!.J 
L=..J r;, STEP11 fo'l STEP7 ~ 
~ r.i, STEP 12 RP 0 STEP 8 L.!.J KC5!552-9A-F• 

Figure 6 Anti-Theft Feature 

I LD[ 10 
1 aaa 10 
11aa I~ 
1 123 10 
[ aaa 10 
I '-IDD I [FJ 

I '-ISE. Im 
I SE[ 10 

0 STEP1 

~ STEP2 

@] STEP3 

~ STEP4 

0 STEPS 

0 STEP6 

r,::-, STEP 7 

l.:!.J KCll!583-9 • p r.:7 STEP 8 d' 

~ k"n Secured Ra ,o Figure 7 - Unloc , g 

020003-IA 

. Cassette Player Figure 8 - Cleaning 



POWER ANTENNA MAST CARE 
The mast sections of the power antenna, when 

extended, are always exposed to every kind of 
environmental condition. Ice, dirt, and sand, mixed 
with rain, can be hard on the exterior surface of the 
mast sections and build up to form an unwanted and 
harmful residue, impairing the proper operation of the 
unit. It is essential that these deposits be removed 
periodically and that the mast sections be lubricated. 

Clean Mast 
1. Raise antenna to full mast position. 
2. Dampen clean cloth with mineral spirits or 

equivalent solvent. 
3. Wipe cloth over antenna mast sections removing 

any dirt. 
4. Move antenna through one complete cycle 

(retract and extend). 
5. Repeat steps 1 through 4 at least two more times. 

Lubricate Mast 
1. Raise antenna to full mast extension. 
2. Dampen clean cloth with light oil such as 3-in-1 

or equivalent. 
3. Wipe cloth over antenna mast sections evenly 

distributing oil over mast section surfaces. 
4. Move antenna through one complete cycle 

(extend and retract). 
5. Dry the mast sections using a clean cloth. Any 

remaining light oil deposits can collect dirt. 

DIAGNOSIS 
RADIO 

Radio problems are normally repaired at 
authorized warranty repair stations. Removing the set 
when a problem is reported, without any preliminary 
diagnosis, results in a large number of radios being "No 
Trouble Found" units received by the warranty repair 
stations. Often the trouble can be corrected without 
radio removal. 

Static and Noise 
Ground strap connections must be clean and 

tight, spark plug cables i must be TVRS type and in 
good condition and resistance-type spark plugs used. 
Capacitors are used in the generator, heating/air 
conditioning system, and fuse panel to reduce noise 
entering the radio through the feed wires. If the car has 
a heater only, the capacitor is in the blower motor feed 
wire. If equipped with A/C, the blower motor has a 
built-in capacitor. Extra electrical equipment adds to 
the static if not properly grounded or wiring was 
improperly routed 

Weak FM station reception will be affected by 
nearby buildings, car speed and direction. These 
"flutter" and "fading" conditions are characteristic of 
weak FM signals. 

Popping Noise 
Operating devices such as tum signals, pushing in 

cigar lighter, operating stoplamp, etc., may cause a 
popping noise on distant or weak AM signals. 
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Preliminary Diagnostics 
The inconvenience of driving without a radio 

while the set is being serviced can often be avoided if 
the following quick checks are used to eliminate 
external radio system problems before removing the 
radio for repair. 

1. Turn ignition to · the accessory position and turn 
radio on. . · 

2. On AM-FM radios, if the radio is dead on FM but 
the AM plays normally, the radio should be 
removed for repair. . 
• The reverse of this condition does not 

necessarily call for radio removal. 
3. On combination radio/tape units, if the radio 

operates properly but the tape player does not, 
the unit should be removed for repair. (The 
reverse of this condition does not necessarily call 
for radio/tape removal). 
Always determine the exact nature of the radio 

problem as an aid to diagnosis. Knowing whether the 
condition is intermittent or constant, whether it occurs 
with engine off or running, and whether it occurs with 
vehicle parked or moving will help to pinpoint the 
problem. For further diagnostic information, refer to 
ELECTRICAL DIAGNOSIS (SEC. SA). 

CASSITTE TAPE PLAYER 
Figure 9 

For diagnostic information, refer to Figure 9 in 
this section or to ELECTRICAL DIAGNOSIS (SEC. 
SA). 

SPEAKER 
Refer to ELECTRICAL DIAGNOSIS (SEC. 

SA). 

ANTENNA 
Figures 10 and 11 

Testing For Good Ground of Antenna Mounting 
and Connections 

Poor grounding of the power antenna, either at 
the antenna mounting or at any other connection in the 
antenna/lead-in system, can result in seriously reduced 
radio performance. A poor ground can be a reason for 
excess ignition noise in AM reception, or erratic audio. 

1. Fully lower antenna. · 
2. Disconnect antenna motor electrical connector. 
3. Remove escutcheon from fender. 
4. Attach alligator clip to upper end of antenna to 

act as antenna. Leave other end of antenna to act 
as antenna. Leave other end of clip unattached. 

5. Tune radio for weak AM station or signal which 
is dependent on clip, i.e., clip attached, station is 
present; clip removed, no station. 

6. Remove clip. 
7. Ground upper end of antenna to fender, 

preferably with knife blade, very short jumper 
wire, etc. 

8. If radio station is not received, then the antenna 
grounds are good. If the station is still present or 
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CASSETTE TAPE PLAYER DIAGNOSIS 
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Figure 9 - Tape Player Diagnosis 

· stronger, a poor ground or no ground connection 
is present in the system. 

Possible Ground Loss Points 
• Antenna upper mounting (screws, loose, paint 

overspray, etc.). 
• Coaxial connector at antenna loose or corroded. 

Remove to inspect inside the connector for 
corrosion. 

• Coaxial connector at radio not tight or corroded. 
• Quick connect connector corroded. 

Power Antenna Check 
Figurs 10 

The power antenna can be checked using an 
ohmmeter, preferably digital. 

With the ohmme~ probes fastened to each point 
as shown in Figure 10, wiggle the separate antenna 
sections and antenna housing case. The readings shown 
should always be obtained. If not, replace antenna or 
fix ground. Improperly grounded antennas are usually 
the cause of comments regarding poor reception or 
noise. To ensure a good ground, a braided group strap 
should be connected from the housing case to chassis 
ground. After checking and correcting the antenna, 
make sure lead-in connector(s) are dirt and corrosion 
free and are tightly fastened. 

Moisture in Antenna Tube 
Weak reception or fading may be caused by 

moisture in the sup~rt tube due to condensation or 
leakage through the msulation bushings. If trouble has 

been traced to moisture in the tube; the antenna must 
be removed, disassembled, and thoroughly cleaned. All 
moisture can be removed by blowing out with 
compressed air then pushing a clean dry cloth through 
the support tube as far as possible. Before assembling 
antenna, check drain holes in motor housing to be sure 
they are not obstructed. 

Checking Lead-In Cables 
Figure 11 

Usually a broken center conductor of the lead-jn 
cable will result in no AM and weak FM. In case of 
continued reception or noise comments, always check 
the lead-in with a:n ohmmeter. The chart and diagram 
in Figure 11 show readings which should be obtained. 
When checking resistance, cautiously wiggle the lead 
in tip and ~ble. H the readings shown in Figure 2 are 
not obtained, some portion of the lead-in is intermittent 
and the lead-in should be replaced. 

Checking Fixed Antennas 
Unplug antenna lead-in at back of radio and plug 

a test antenna into radio. Make sure the test antenna 
base is grounded to the vehicle chassis and keep hands 
off of the antenna. Refer to "Testing for Good Grounds 
of Antenna Mounting and Connections• in this 
section. Check radio reception in an area away from 
electrical interferences. These include tall buildings, 
metal structures, power lines, fluorescent lighting,· and 
power tools. Tune to high and low ends of the dial on 
both AM and FM, checking weak and strong station 
reception. If reception is acceptable, problem exists 



LEAD IN 
CONNECTOR 

FENDER 

+- E - BODY GROUND 
OHMMETER PROBES RESISTANCE MEASURED 

AT POINTS; IN OHMS• 
A AND D LESS THAN 0.5 
BAND D LESS THAN 0.5 
C AND D LESS THAN 0.5 
F ANO E LESS THAN 1.0 
A ANOE INFINITE 
BAND E INFINITE 
C AND E INFINITE 

•FOR BEST RESULTS. USE A DIGITAL OHMMETER 

G3H87-9A-AN 

Figure 10 - Three Section Antenna Diagnosis 
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B -ANTENNA 
A • TIP RECEPTACLE 

Ohmmeter probes 
11 points; 

A and B 
Cand D 
A and D 
C and B 

A andC 
Band D 

Resistance meHured 
In ohms 

less than 0.5 • 

less than 0.5 
Infinite 
infinite 

infinite 
infinite 

•on some long lengths of lead-ins, such as power antennas, 
capacitance Is added In the tip. This results in a resistance 
reading of approximately 100,000 ohms. 

35209-9-E 

Figure 11 - Lead-In Cable Diagnosis 
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with antenna and/or its lead-in cable. If reception is 
still poor, refer to ELECTRICAL DIAGNOSIS (SEC. 

·sA). 
For further diagnosis of antennas, refer to 

ELECTRICAL DIAGNOSIS (SEC. SA). 

ON-VEHICLE SERVICE 
RADIO RECEIVER · 

Refer to INSTRUMENT PANEL, CLUSTER 
AND CONSOLE (SEC. SC). 

FRONT RADIO SPEAKER 
Refer to INSTRUMENT PANEL, CLUSTER 

AND CONSOLE (SEC. SC). 

REAR QUARTER RADIO SPEAKER 
Refer to REAR .QUARTERS (SEC. 10-6). 

REAR COMPARTMENT RADIO SPEAKER 
Refer to BODY REAR END (SEC. 10-7). 

FRONT BOSE AMPLIFIER AND SPEAKER 
Figure 12 

l++I Remove or Disconnect 

1. Negative (-) battery cable. 
CAUTION: Failure to disconnect 
battery when servicing radio 
equipment may result in a shock 
hazard and personal injury. 

2. Shroud side finishing panel. Refer to BODY 
FRONT END (SEC. 10-4). 

3. Electrical connections, by gently pulling apart 
connectors. 

4. Screws from side finishing panel trim. 
5. Side finishing panel trim from carpeted panel. 
6. Carpet edge from panel, as needed, to gain access 

to screws, by gently pulling away with a soft 
bladed instrument. 

7. Bose speaker cover screws. 
8. Bose speaker cover from rear of panel. 
9. Speaker wire. 

NOTICE: Avoid pinching wires. A short circuit 
to ground from either wire will damage the output 
circuit in the radio. 

10. Amplifier screws. 
11. Amplifier. 
12. Speaker screws. 
13. Speaker. 

l++I Install or Connect 

1. Speaker. 
2. Speaker screws. 
3. Amplifier. 
4. Amplifier screws. 
5. Speaker wire. 
6. Bose speaker cove~ to rear of panel. 
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· 7. Bose speaker cover screws. 
8. Carpet edges. · 

• Apply 3M Carpet Adhesive or equivalent to 
edges and gently press to panel. 

9. Side finishing panel trim to carpeted panel. 
10. Screws to side finishing panel trim. 
11. Electrical connections. 
12. Shroud side finishing panel. Refer to BODY 

FRONT END (SEC. 10-4). 
13. Negative(-) battery cable. 

REAR BOSE AMPLIFIER TUNED ENCLOSURE 
Figure 13 

E3 Remove or Disconnect 

• Lift rear compartment load floor. 
CAUTION: Failure . to disconnect 
battery when servicing radio 
equipment may result in a shock 
hazard and personal injury. 

1. Negative (-) battery cable. 
2. Bose speaker cover screws. 
3. Bose speaker cover. 
4. Electrical connectors. 
5. Speaker wires. 

NOTICE: Avoid pinching wires. A short circuit 
to ground from either wire will damage the output 
circuit in the radio. 

~FAT 

0 AMPLIFIER 

6. Amplifier screws. 
7. Amplifier. 

E3 Install or Connect 

1. Alnplifier. 
2. Amplifier screws. 
3. Speaker wire. 
4. Electrical connectors. 
5. Bose speaker cover. 
6. Bose speaker cover screws. 

· 7. Negative(-) battery cable. 

HOOD SEAL RADIO SUPPRESSION 
EQUIPMENT 

Figure 14 

When installing a new radio, or when noise is a 
problem, ensure that radio supression equipment is 
present and properly installed. 

l++I Remove or Disconnect 
1. Bolt. 
2. Clip from under hood seal. 

E3 Install or Connect 

1. Clip to under hood seal. 
2. Bolt. 

SIDE VIEW 

FRONT VIEW 

0 ELECTRICAL CONNECTIONS 

0 SCREWS 

BOSE SPEAKER COVER 

SIDE FINISHING PANEL TRIM . 

CARPETED PANEL SIDE SHROUD FINISHING PANEL 0 SPEAKER 
C&&21-9A-F-IIP 

Figure 12 - Front Bose Speaker Assembly 
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\I j 
0 TOP PART OF PANEL 

~ REAR LOAD FLOOR PANEL 

0 AMPLIFIER 

0 SCREWS 

0 ELECTRICAL CONNECTIONS 

0 eose SPEAKER COVER 

KCS&22-9~RP 

Figure 13 - Rear Bose Amplifier · 

HEATER BLOWER MOTOR RADIO 
SUPPRESSION EQUIPMENT 
Figure 14 

When installing a new radio, or when noise is a 
problem, ensure that radio suppression equipment is 
present and properly installed. 

l+-+I Remove or Disconnect 

1. Bolt. 
2. Radio suppression equipment capacitor by 

pulling electrical connectors from heater blower 
motor assembly. 

I-++! Install or Connect 

1. Radio suppression equipment capacitor by 
pushing electrical connectors onto heater blower 
motor assembly. 

2. Bolt. 

FIXED MAST ANTENNA 
Figure 15 
• Make sure all attachments are tight. Plug the 

antenna lead-in firmly into the radio. 

l+-+f Remove or Disconnect 

• Mask door edge with tape. 
CAUTION: Failure to disconnect 
batt~ry when servicing radio 
equipment may result in a shock 
hazard and personal injury. 

1. Negative (-) battery cable. 
2. Right side lower instrument panel sound 

insulator. 
3. Antenna connection from radio. 
• Raise and suitably support vehicle. Refer to 

GENERAL INFORMATION (SEC. OA). 
4. Fender wheelhouse. Refer to FRONT END 

BODY PANELS (SEC. 2C). 
5. Bezel and nut. 
6. Antenna mast. 
7. Mast assembly bracket screws. 
8. Grommet from side shroud finishing panel 

bulkhead and carefully pull harness from vehicle 
interior. 

9. Antenna assembly from fender well. 

1-++I ·install or Connect 

NOTICE: See "Notice" on page 9A-1 of this 
section for steps 3 and 5. 

1. Antenna assembly to fender well. 
2. Grommet to side shroud finishing panel 

bulkhead. 
• Carefully push harness through vehicle 

interior .. 
3. Mast assembly bracket screws. 

l~I Tightan 
• Fender bracket screw to 1.9 N · m (17 lb. in). 
• Body and cable assembly bracket screw to 

3.8 N·m (34 lb. in.). 
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1- HEATER BLOWER MOTOR 
2-HEATER HARNESS 
3-CAPACITOR 
4-BOL T/SCREW 

I-TERMINAL 
I-SEAL 

7- REAR OF HOOD PANEL 

[I} 

\/ 

I-INSTALL BETWEEN SEAL & HOOD INNER PANEL 
I-CUP 2 REQ'D. (LH. SHOWN, R.H. SIDE SIMILAR) !VIEW A! 

520243-9 

Figure 14 • Typtcal Radio Supression Equipment 

4. Antenna mast. 
5. Bezel and nut. 

,~, Tighten 

• Nut to 4.5 N·m (40 lb. in.). 
6. Fender wheelhouse. Refer to FRONT END 

BODY PANELS (SEC. 2C) . . 

• Lower vehicle. 
7. Antenna connection to radio. 
8. Right side lower instrument panel and sound 

insulator. 
9. Negative(-) battery' cable. 

POWER ANTENNA ASSEMBL V 
Figures 15 and 16 

• Make sure all attachments are tight. Plug the 
antenna lead-in firmly into the radio. 

l++I Remove or Disconnect 

Tool Required: 
J 28742-A Terminal Remover 

CAUTION: Failure to disconnect 
battery when serv1cang radio 
equipment may result in a shock 
hazard and personal injury. 

1. Negative(-) battery cable. 
2. Right side lower instrument panel sound 

insulator. 
3. Antenna connection from radio. 

• Raise and suitably support vehicle. Refer to 
GENERAL INFORMATION (SEC: OA). 

4. Instrument panel harness from radio. 
5. Power antenna wire from connector using J 

28742-A. 
6. Power antenna wire from power antenna relay by 

gently unplugging connectors. 
7. Fender wheelhouse. Refer to FRONT END . 

BODY PANELS (SEC. 2C). 
8. Fender to body attaching bolts and nuts. 

• Block fender out. 
9. Bezel and nut. 

10. Antenna mast. · Refer to "Power Antenna Mast 
Section• in this section. 

11. Screws from motor assembly brackets. 
12. Grommet from side shroud finishing panel 

bulkhead and carefully pull harness from vehicle 
interior. 

13. Antenna assembly from fender well. 

E3 Install or Connect 

NOTICE: See "Notice• on page 9A-1 of this 
section for steps 3, S and 6. 

1. Antenna assembly to fender well. 
2. Grommet to side shroud · finishing panel 

bulkhead. 
• Carefully push harness through vehicle 

interior. 
3. Screws to motor assembly brackets. 



l~I Tighten 
• Fender bracket screws to 1.9 N ·m (17 lb. 

in.). 
• Upper motor assembly bracket screws to 5. 7 

N·m (51 lb. in.). 
• Lower motor assembly bracket screws to 

3.8 N ·m (34 lb. in.). 
4. Antenna mast. Refer to "Power Antenna Mast 

Section"' in this section. 
S. Bezel and nut. 

,~, Tighten 

• Nut to 4.5 N·m (40 lb. in.). 
6. Fender to body attaching nuts and bolts. 

l~I Tighten 

• Nuts and bolts to required torque 
specifications. Refer to FRONT END 
BODY PANELS (SEC. 2C). 

7. Fender wheelhouse. Refer to FRONT END 
BODY PANELS (SEC. 2C). 

8. Power antenna wire to power antenna relay by 
gently plugging connectors together. 

9. Power antenna wire to connector. 
10. Instrument panel harness to radio. 
• Lower vehicle. 

11. Antenna connection to radio. 
12. Right side lower instrument panel sound 

insulator. 
13. Negative (·) battery cable. 

POWER ANTENNA MAST SECTION 
Figures 17 and 18 

E3 Remove or Disconnect 

1. Mounting nut with appropriate tool, then remove 
mounting wedge. 

2. Insulator stop using an 11 mm, thin wall, extra 
deep well, 12 point socket. 

• Have a helper turn radio on (ignition key in 
"ACC" position); When finial is extended 
approximately 25.4 mm (1 inch), immediately 
disconnect power (either disconnect battery or 
unplug power lead from relay). 

CAUTION: Failure to disconnect the 
battery when servicing radio 
equipment may result in a shock 
hazard and personal injury. 

3. Finial using a wrench or suitable pliers on flats of 
finial. Keep the 100 rod assembly from turning by 
gripping rod with pliers padded with cloth or 
rubber to prevent damage to rod surface. Do not 
bend 100 rod. 

• Using long nose pliers or fingers, remove the 
200/300 tube assemblies from the antenna, 
sliding them over the 100 rod assembly. 

1++1 Install or Connect 
• Before assembling the new mast assemblies, 

lubricate the contactor. 
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• Slide the assembly tool over the contactor to 
compress its fingers (Figure 18). Slide the mast 
assemblies over the 100 rod and into the 
stationary tube, past the contactor fingers. 
Remove the assembly tool, then bottom the mast 
in the stationary tube. Make sure the threaded 
top of the 100 rod is above the top of the 200 tube. 

1. ~ (if used), mounting wedge, mounting nut, 
insulator stop and finial in the reverse order of 
removal instructions. 

2. Power. 

UNIT REPAIR 
POWER ANTENNA SYSTEM 
Figures 19 through 22 

As shown in Figure 19, a plastic housing 
consisting of two halves is attached to the mast and 
tube assembly. The housing contains the permanent 
magnet motor parts, limit switch assembly, driv~ gear 
and drive cable storage spool. Sealer is used between 
the two housing halves to prevent water entry and they 
are held together with S snap-on clips and 4 eyelets. 

The motor armature is protected by an automatic 
reset type circuit breaker which is located on the limit 
switch assembly. · 

Raising and Lowering Mast 

The mast sections are extended and retracted by 
a plastic drive cable attached to the top section of the 
mast. The other end of drive cable is attached directly 
to the drive gear with a metal hook. Refer to Figure 20. 

Automatic shut off, when the mast reaches the 
full up or down position, is accomplished by the thrust 
of the armature tripping a reaction switch assembly. 

The reaction switch assembly, as shown in Figure 
20, consists of two snap action type switches. One shuts 
off the motor when the antenna is full up-the other 
when the antenna is down. Direction of armature 

. thrust depends on armature rotation (CW or CCW). 
To understand how armature thrust actuates the 

reaction switches, think of the armature worm as 
threads on a bolt. Next, think of the drive gear teeth 
as threads on a nut that is held in a fixed position (i.e., 
when the mast reaches the full up or down positions 
and the gear stops turning). 

The continuous rotation of the armature when 
the gear stops turning causes the armature worm to act 
like a bolt being screwed in or out of a nut held in a 
fixed position. This causes the armature to move fore 
and aft depending on rotation. 

A spring-loaded thrust mechanism consisting of 
two blocks and a load spring is assembled on the 
armature shaft. The mechanism is held in a fixed 
location on the shaft by two retainers. Refer to Figure 
21. 

When the armature assembly is installed in the 
housing, the thrust mechanism fits into a cavity in the 
housing, as shown in Figure 22. The spring load 
between the two thrust blocks prevents the armature 
from thrusting fore and aft until the drive g~ stops 
turning. 
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Figure 16 • Typical Antenna Mounting 

[u BODY AND CABLE ASSY. 

0 FIXED ANTENNA 

0 NUT 

GJ BEZEL 

0 SCREW 

0 BRACKET 

0 ANTENNA ASM. 

0 19.25mm DIA. 

0 11.5mm DIA. 

E£j 6.0mm DIA. 

~ 3.0mmDIA. 

~ BRACKET 

~ INSULATOR 

~ SCREW 

KC5520.9A-F-RP 



~ ANTENNA LEAD-IN 

12!) POWER ANTENNA RELAY'--..... 
KCH11-9A-F.flP 

Figure 16 - Power Antenna Relay 

100 ROD ASSEMBLY 

MOUNTING WEDGE 

INSULATOR STOP 

STATIONARY TUBE 

KC&&80-9A-F-RP 

Figure 17 - Front Mounted Antenna 

As explained previously, when the mast reaches 
the full up or down position the gear stops turning, the 
continuing rotation of the armature causes it to move 
fore and aft depending on rotation. As it moves fore or 
aft, it moves one of the thrust blocks toward the other 
compressing the load spring. After the thrust block has 
been moved a pre-determined distance, it triggers a 
limit switch to open the motor circuit. Refer to Figure 
20 to identify which thrust block and limit switch 
controls motor shut off when the mast reaches the up 
or down position. 

All "'Slimline" antennas are automatic. 

WIRING CIRCUITS 

With the ignition switch "ON" and the radio 
turned "ON•, the antenna motor automatically raises 
the mast to the full up position. 

Turning the radio 1grut1on switch off 
automatically causes the antenna motor to lower the 
mast to full down position. 
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300TUBE 
ASSEMBLY 

ASSEMBLY 
TOOL 

KCl5581-9A-F-RP 

Figure 18 - Assembly Tube Installed 

POWER ANTENNA MOTOR DISASSEMBLY 

Antenna Motor and Gear Housing Cover 
Figures 23 and 24 

F:3 Disassemble 
1. Eyelets ( 4). 
2. Retaining clips (5). 
3. Housing cover by wedging a small screwdriver in 

provided slots. 
4. Excess or loose sealer. 

F!+I Assemble 
1. Housing cover. 
2. Bolts supplied with service kit. 
3. Clips supplied with service kit. 
4. Apply sealer (GE 162 or equivalent) around edge 

of housing cover and around the tube assembly. 

Antenna and Tube Assembly 
Figures 23 and 25 

Ft3 Disassemble 
1. Housing cover. 
2. Separate antenna and tube assembly from 

housing. 
3. Unwind and unhook cable from gear. 

F!3 Assemble 
1. Extend antenna until 254 mm (10 inches) of cable 

is exposed. 
2. Hook cable into gear and route cable into spool. 
3. Position antenna and tube assembly on housing 

so that the rubber drain pipe fits in the housing 
drain hole and the mounting ears are located in 
the housing slots. 
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TYPICAL AM-FM 

KC15&&4-8A,F-f!P 

Figure 19 - Typical Power Antenna 

4. Push excess cable into the tube assembly, as 
required, to keep the cable in the gear spool. 

5. Housing cover. 
6. Bolts (2) and nuts attaching tube assembly to 

housing. 
7. Remaining bolts, nuts, and clips. 
8. Sealer. 

Limit Switch (Includes Motor Brushes, Circuit 
Breaker and Leads) 
Figures 20 and 23 

F!3 Disassemble 

1. Housing cover. 
2. Limit switch. 

1+!3 Assemble 
1. Switch. 
2. Antenna and tube assembly. 
3. Housing cover. 
4. Seal leads. 

BRUSH 

1.L-JJ.,}\\.,ilJ-"- DRIVE CABLE 

WIRING CONNECTIONS 
TO SWITCH ASSEMBLY 

ATTACHING 
HOOK 

-GREEN TO ONE LEAD OF CIRCUIT BREAKER 
-GREY TO .. UP" LIMIT SWITCH 
-WHITE TO "DOWN" LIMIT SWITCH 

KC&&6S.SA-F-RP 

Figure 20 - Wiring Connections 

Armature and Field Assembly 
Figures 21 and 23 

F!•I Disassemble 
1. Housing cover. 
2. Limit switch. 
3. Armature and field assembly from field end. 

~ Clean 

• Old lubricant out of housing. 

F;+! Assemble 
1. Armature and field assembly. 
2. Limit switch. 
3. Lubricate worm and gear with lithium soap 

grease such as Sun Oil Prestige No. 2, or 
equivalent, and apply a drop of light oil to 
bearings. 

4. Antenna and tube assembly. 
5. Housing cover. 



PHENOLIC 
WASHER (2) 

STEEL 

ARMATURE ASM 

WASHER (2) _._.~=~ 

BEARING ', ,' 
I I 
I 

I 

I SPRING 

RETAINING RING (2) 
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Figure 21 - Armature Assembly 

Gear Assembly 

Figure23 

F:3 Disassemble 
1. Housing cover. 
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NOTICE 
SWITCH ASSY REMOVED 
TO SHOW THRUST BLOCK 
CAVITY 

THRUST BLOCKS 
IN HSG. CAVITY 

KCIIH7-9 P 

Figure 22 - Thrust Block Cavity 

2. Antenna and tube assembly. 
3. Gear from housing post, using pliers if necessary. 

l+:+I Assemble 
1. Gear on post. 
2. Antenna and tube assembly. 
3. Housin5t cover. 
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~METAL 
C::V-- BEARING 

ARMATURE 

ASSEMBLY~ 

SWITCH & GROMMET 

!~ 
.-- LEAD ASSEMBLY 

~ 
PLASTIC 
BEARING 

GEAR CAN BE REMOVED 
WITHOUT REMOVING 
ARMATURE/FIELD AND 
SWITCH ASSEMBLY 

LUBRICATION: GREASE - PRESTIGE #22 
BY SUN OIL CO. OR EQUIVALENT 
-GEAR TEETH 
-BOTTOM SURFACE OF GEAR 
-HOUSING GEAR POST 

OR/ SWITCH & 
HARNESS 
ASSEMBLY 

MAST AND TUBE 
ASSEMBLY 

Figure 23 - Exploded Diagram 
KCIIHMA-141P 



EYELETS 

Figure 24 - Eyelets and Clips 

MAST & TUBE 
MOUNTING EAR 
LOCATIONS 

NOTICE: 
POSITION GEAR 
SO THAT CABLE 
ATTACHING 
HOLE IS LOCATED 
AS SHOWN 

TURN HOOK 90° 
AS SHOWN TO 
RELEASE IT 
FROM GEAR 

Figure 25 - Drive Cable and Hook 
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SPECI Fl CATIONS 

FASTENER TORQUE SPECIFICATIONS 

Fender Bracket Screw ..................................................................................... 1.9 N ·m (17 lb. in.) 
Fixed Mast Antenna Body and Cable Assembly Bracket Screw ................... 3.8 N·m (34 lb. in.) 
Antenna Mast Nut .......................................................................................... 4.5 N·m (40 lb. in.) 
Power Antenna Upper Motor Bracket Screw ................................................ 5.7 N·m (51 lb. in.) 
Power Antenna Lower Motor Assembly Bracket Screw ............................... 3.8 N·m (34 lb. in.) 

SPECIAL TOOLS 

.::.=::.=-;_(::-=--=--=--=--=--=----_-:_-_-_-.JI'\\)} J 28742-A 

~ TERMINAL REMOVER 

C&&14-9A.,._RP 
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SECTION 98 

CRUISE CONTROL 
. . The following "Notice" applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: "NOTICE: See "Notice" on page 9B-1 
of this section.• 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. ff the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. ff the above conditions are not followed, parts or system damage 
could result. 

CONTENTS 
General Description ...... : ...................................... 9B-1 

Off-On-Resume/Accelerate Switch .................. 9B-1 
Set/Coast Button Switch .................................. 9B-2 
Electronic Controller (Module) ....................... 9B-2 
Servo Unit ......................................................... 9B-2 
Speed Sensors .................................................... 9B-3 

Vehicle Speed Sensor (VSS) Buffer 
Amplifier .................................................... 9B-3 

Permanent Magnet (PM) 
Generator Speed Signal ............................. 9B-3 

Vacuum Supply ... ........ ........... ........... ...... .......... 9B-4 
Electrical and Vacuum Release 

Switches ............................... : ......................... 9B-4 

GENERAL DESCRIPTION 
Cruise control is a speed control system that 

maintains a desired vehicle speed under normal driving 
conditions. However, steep grades up or down may 
cause variations in the selected speeds. The electronic 
cruise control system has the capability to cruise, coast, 
resume speed, accelerate, and "tap-up" and 
"tap-down". 

The main }?arts of the cruise control system are 
the mode control switches, controller (module), servo 
unit, speed sensor, vacuum supply, electrical and 
vacuum release switches, and electrical harness. 

The cruise control system uses vacuum to operate 
a throttle servo unit. The servo unit maintains a desired 
vehicle speed by trapping vacuum in the servo unit at 
the proper servo position. The controller monitors 
vehicle. speed and servo position and operates the 
vacuum and vent valves in the servo to maintain 
desired speed. The controller contains a low speed limit 
that will prevent system engagement below a minimum 
speed of about 40 km/h (25 mph). The operation of the 
controller is regulated by mode control switches 
located in the end of the multi-function lever (Figure 
1). To disengage the system, two release switches are 
provided. An electrical release switch mounted on the 
brake pedal bracket (brake and clutch pedal bracket on 
vehicles equipped with manual transmission) 
disengages the system electrically when the brake pedal 
(or clutch pedal) is depressed. A ·vacuum release valve 
mounted on the brake pedal bracket vents the trapped 
vacuum in the servo to atmosphere when the brake 

Electric Harness .. ...................... ............ ............ 9:8-4 
Diagnosis .......................................................... ·.... 9B-4 

Improper Cruise Control Operation ................ 9B-4 
Electric Brake Release Switch ................... ...... 9B-5 

On-Vehicle Seryice ............................................... 9B-5 
Servo Unit ......................................................... 9B-5 
Engagement Switch .......................................... 9B-5 
Speed Sensor, Buffer and Harness ................... 9B-6 
Cruise Control Module ............................... ..... 9B-6 
Release Switches ........................ ........... ............ 9B-6 

Specifications ......................... ........ ..... ...... ............ 9B-7 

pedal is depressed, allowing the servo unit to quickly 
return the throttle to idle position. 

OFF-ON-RESUME/ ACCELERATE SWITCH 
Figure 1 

The "OFF-ON-RIA" switch has three positions. 
This switch turns the cruise control system "ON" and 
"OFF." and also returns cruise control operation to the 
last speed setting when momentarily moved toward the 
"RIA" position after braking. Do not hold the slider in 
the "R/A" position. Release it immediately. If the 
slider is held in the "RIA" position for inore than one 
second, the system goes into the acceleration mode. To 
accelerate the vehicle, move the slider switch to the 
"RIA" position and hold it there until the vehicle 
reaches the desired speed. When the slider switch is 
released, the system will maintain the new cruise_ speed. 
In order to use the acceleration mode, the cruise 
"OFF-ON-RI A" switch must be in the '.'ON" position 
and the vehicle must be above the low speed limit of 
40km/h (25 mph). 

The slide switch can also be used to "tap-up" 
vehicle speed. In order to do this the cruise must be 
engaged and operating. "Tapping-up" is done by 
quickly pressing the slide switch toward the "R/ A" 
position and quickly releasing it, or "tapping" the 
lever. Do not hold the lever in the "R/ A• position, or 
the system will go into the acceleration mode. 
*Tap-up" is a function in which cruise speed can be 
increased by 1.6 km/h (1 mph) increments (one tap= 
1.6 km/h (1 mph) increase). 
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SET /COAST BUTTON SWITCH 
Figure 1 

The cruise control "SET/COAST" button switch 
(located in the end of the multi-function lever) has two 
positions - "NORMAL" and "DEPRESSED." 

1-DIRECTIONAL SIGNAL LEVER 
2-0FF/ON/RESUME/ACCEL SWITCH 
3-SET/COAST SWITCH 520181-9 

Figure 1 - Multi-Function Lever 

• The Set Position - With the button switch 
depressed and then . released ( vehicle speed must 
exceed the low speed limit point, and the 
"OFF-ON'..RJA" switch must be in the "ON" 
position) the cruise speed will be set at the speed 
the vehicle was going when the button was 
released. Vehicle cruise speed will be within ± 
1.6 km/h (1 mph) of the actual speed at engaged 
speed. The system will cruise until either the 
"OFF-ON-RIA" switch is moved to "OFF", the 
engine control switch is turned "OFF", and/or 
the "SET/COAST" button switch is pushed iri 
fully and held. Pushing the brake pedal ( or clutch 
pedal) releases the cruise button but not the 
resume capability. 

• 

• 

The Coast Position - With the button switch 
fully depressed, the driver can raise or lower 
vehicle speed. To increase speed, the driver can 
accelerate to a new speed, fully depress the switch 
and release. the button. The controller "forgets" 
the previously set speed. An increased control 
speed can be more easily set with the 
"OFF-ON-RIA" switch as previously described. 
To decrease cruise speed, the button switch is held 
in, disengaging the cruise system, which allows 
the throttle to return to the idle position. When the 
vehicle has slowed to the desired cruise speed, 
releasing the ·button switch will re-engage the 
system. 
The "Tap.Down" Position - To "tap down," 
the cruise must be engaged and operating. 
"Tapping-down" is done by quickly pr~ing and 
releasing the "SET/COAST" button switch, or 
"tapping" the button switch. Do not hold the 
button in the depressed position or the system 
will go into the coast mode. "Tap-down" is a 
function in which cruise speed can be decreased 
by 1.6 km/h (1 mph) by increments (one tap = 
1.6 km/h (1mph) increase). The accelerator may 
be depressed at any time to override the cruise 
system. Release of the accelerator will return the 
vehicle to the previously set cruise speed. 

. NOTICE: To keep the vehicle under control, and 
to prevent possible vehicle damage, the cruise 
control should not be used on slippery or winding 
roads or in traffic of heavy or varying volume. 
When traveling down a steeply graded hill, the 
cruise control should be disengaged by depressing 

· the brake pedal lightly. The transmission can then 
be shifted into a lower gear range to help control 
vehicle speed. 

ELECTRONIC CONTROLLER (MODULE) 
Figure 2 

The controller interprets the position of the servo, 
the position of the control switches and the output of 
the speed sensor. In response to these inputs, the 
controller electrically signals the opening or closing of 

· the vent and vacuum solenoid valves in the servo. 
The controller is usually mounted on the pedal 

bracket, but is integral with the ECM on some models 
with certain engines. 

520182-9 

Figure 2 - Controller (Module) 

SERVO UNIT 
Figure 3 

The servo consists of a vacuum-operated 
diaphragm, a normally open solenoid valve to vent the 
diaphragm chamber to atmosphere, a normally closed 
solenoid valve to connect the diaphragm chamber to 
the vacuum source, and a variable induc.tance position 
sensor. · 

The servo has a steel core that moves within a 
coil. Its resulting variable inductance provides a 
continuous voltage servo Josition signal to the 
controller. This voltage sign is constantly compared 
to the vehicle speed signal. This comparison 
determines if the cruise system has corrected the speed 
error or if additional changes are required. 

The servo operates the throttle in response to 
signals from the electronic controller as follows. 
• · Steady Cruise State (system engaged and 

operating) - Both vacuum and vent valves are 
closed or sealed. The servo has a constant vacuum 
on the diaphragm and places no requirements on 
the vacuum source, as vacuum is trapped in the 
diaphragm chamber. 

• Vehicle Losing Speed (due to steep grades or 
driver wishes to increase speed by using the 
acceleration or "tap-up" feature) -The controller 



energizes the vacuum solenoid to opc;n the 
vacuum valve to the vacuum source. This 
increases the vacuum level in the servo and 
increases the throttle opening. The vent remains 
closed. . 

• Vehicle Gaining Speed (due to steep grades 
or driver wishes to decrease speed by using the 
coast or "tap-down" feature) - The controller 
de-energizes the vent solenoid to open the vent 
valve to the atmosphere which reduces vacuum 
in the servo and allows the throttle return spring 
to decrease the throttle opening. The vacuum 
valve remains closed. 

. When the cruise system is engaged and operating, 
without any interference from the driver via the mode 
control switches, no speed correction will be made until 
the vehicle varies approximately ± 0.8 km/h (1/2 
mph) of set speed. 

[I] 

INTERNAL 
VIEW 

TO VACUUM BRAKE 
RELEASE VALVE 
1-SERVO 
2-VACUUM SOLENOID AND 

VALVE (NORMALLY CLOSED) 
3-COIL 
4-VARIABLE INDUCTANCE 

POSmON SENSOR 
5-VENT SOLENOID AND VALVE 

: (NORMALLY OPEN) 
6-STEEL CORE 
7-THROTTI.E ATTACHMENT 
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Figure 3 - Servo Unit 

When the controller senses an over or underspeed 
condition, it will pulse the opening of the vent or 
vacuum valve. The pulse will be repeated as required 
until the vehicle returns to the set speed. From any set 
speed, under normal road load conditions, the vacuum 
valve will remain in a completely open position when 
the vehicle speed has dropped 8 km/h (5 mph) below 
set speed. Likewise, when vehicle speed has exceeded 
5 km/h (3 mph) over the set speed, such as down a 
s~. grade, the vent will go into constant open 
position. 

The servo will go into an open vent valve position 
under the following conditions: 
- Brake ( or clutch) pedal is depressed. 
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- An open variable inductance position sensor coil 
in the servo. 

- A loss of electrical power to the system. 
- The engine control switch is turned •oFF." 

SPEED SENSORS 

Vehicle Speed Sensor (VSS) Buffer Amplifier 
Figure 4 

This device supplies the vehicle speed input to the 
controller on some vehicles. The optic head portion of 
the VSS is located in the speedometer frame. A 
reflective blade is attached to · the speedometer 
cable/head assembly. The blade spins like a propeller, 
with its blades passing through a light beam from a 
LED in the optic head. As each blade enters· the LED 
light beam, light is reflected back to a photocell in the 
optic head, causing a low power speed signal to be sent 
to ~e bliffC! for ~plifi~tion and signal conditioning. 
This amplified signal 1s then sent to the cruise 
controller. 

1...,.. OPTIC HEAD 
2-BUFFER 

520168-9 

Figure 4 - Vehicle Speed Sensor 

Permanent Magnet (PM) Generator 
Figure 5 

This device supplies the vehicle speed input to the 
controller on some vehicles. Vehicle speed information 
is provided to the controller by a PM generator driven 
by the transmission. The output frequency of the PM 
generator is sent to the buffer, which amplifies and 
conditions the signal to the controller. 

520187• 

Figure 5 • Permanent Magnet Generator 
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VACUUM SUPPLY 
· The vacuum to operate the cruise control servo 
can come from manifold v_acuum connected straight to 
the servo, from manifold through a vacuum storage 
tank, or straight from a vacuum pump. 

ELECTRICAL AND VACUUM RELEASE 
SWITCHES 
Figure 6 

These switches are used to disengage the cruise 
control system. An electrical release switch mounted 
on the brake pedal bracket (or clutch pedal bracket)_ 
disengages the systein electrically when the brake ( or 
clutch) pedal is depressed. This is done by interrupting 
the flow of current to the controller. A vacuum release 
valve mounted on the brake pedal bracket vents the 
trapped vacuum in the servo to the atmosphere when 
the brake pedal is depressed allowing the servo unit to 
quickly return the throttle to idle position. This is done 
by routing a separate vacuum hose directly to the servo 
from the normally closed vacuum switch. These two 
types of switches will also sometimes be combined with 
the stoplamp switch, ·Tee switch, or other switches. 
For replacement and adjustment of these switches, refer 
to "Release Switches" in this section. 

ELECTRICAL HARNESS 

For specific wiring and connector locations, refer 
to ELECTRICAL DIAGNOSIS (SEC. SA). 

~ II 
AUTOMATIC TRANSMISSION 

0 RETAINER 

DIAGNOSIS 
IMPROPER CRUISE CONTROL OPERATION 

!mp.roper operatioD; can be caused by one or a 
combmatton of mechanical, electrical and vacuum 
problems. In resolving any cruise system operating 
problem, first make a visual inspection. Check the 
system to ensure there are no bare, broken, or 
disconnected wires or any pinched, damaged, or 
disconnected vacuum hoses. The servo and throttle 
~ge should opera~ freely and smoothly. The servo 
linkage should be adJusted. · · 

Because any problem in this system is _either 
vacuum, mechanical, or electrical, the technician 
should perform a few initial checks before turning to 
ELECTRICAL DIAGNOSIS (SEC. SA). This can be 
done by first eliminating a vacuum or mechanical 
problem by starting the engine and using a finger to feel 
for so~rce vacuum at the servo, _ and by visual 
inspection of vacuum release valve, throttle linkage, 
yacu~ hoses, and other co~ponents. If preliminary 
inspection reveals no solution and the system is 
inoperative, use the diagnostic information in 
ELECTRICAL DIAGNOSIS (SEC. SA). 

Several versions of cruise control testers are 
available. This quick check instrument is installed in 
place of the controller and determines which part of the 
system has a problem. Instructions on the operation of 
the instrument should be provided by the 
manufacturer. 

~ CRUISE CONTROL SWITCH AND VACUUM 
VALVE ASSEMBLY 

0 STOPLAMP AND CRUISE 
CONTROL SWITCH 

[II BRAKE PEDAL BRACKET 

0 BRAKE PEDAL 

0 CLUTCH CRUISE 
CONTROL SWITCH 

0 VACUUM RELE~SE VALVE 

[II CLUTCH PEDAL 

0 VACUUMUNE 

~ CRUISE CONTROL WIRE 
K 12-911-F-RP 

Figure 6 - Release Switches and Valves 



Cruise System Surges 

- The servo and throttle linkages should operate 
freely and smoothly. Linkage should be adjusted. 

- Check hose routing for pinches, leaks or 
restrictions. 

Cruise Speed High or Low 
- Check vacuum hoses for proper routing, 

restrictions or leaks. Adjust or replace as 
required. 

- Check servo linkage for excess slack and adjust. 
- If no system problem is noted, replace the 

electronic controller (module). · 

Excessive Cruise Speed Loss on Hills 
- Check hoses for vacuum links. 
- Determine if check valve is functional (where 

applicable). 

Cruise Tap-Up and Tap-Down Inoperative 
If all other functions of cruise control are working 

except "tap-up" and "tap-down," replace the 
controller (module). 

ELECTRIC BRAKE RELEASE SWITCH 
On-Vehicle Check 

1. Turn engine control/switch "ON." 
2. Connect test light (or multimeter) to ground. 
3. Probe: brown wire at brake switch connector; 

lamp should light (12 volts on meter), indicating 
proper feed. 

4. Check switch adjustment with probe still at 
brown wire depressing brake pedal - 3.5 - 12.5 
mm (1/8 - 1/2 inch) should turn out lamp (no 
voltage on meter). 

5. If lamp did not light in step 3, probe wire in 
adjacent connector cavity. Iflamp lights (12 volts 
on meter), adjust or replace switch as necessary. 
If no light or less than 12 volts, wiring to switch 
is faulty. 

Off-Vehicle Check 
1. Use multimeter or self-powered test light. 
2. With switch plunger extended, meter should read 

infinity (open circµit). Test light off. 
3. With switch plunger fully depressed, meter 

should indicate continuity. Test light on. 

· ON-VEHICLE SERVICE 
SERVO UNIT 
Figure 7 

f ++I Remove or Disconnect 

1. Electrical connector and vacuum hoses. 
2. Throttle actuating chain, cable or rod from servo 

unit. 
3. Screws securing servo unit and servo unit 

solenoid valve assembly to mounting bracket and 
remove servo. 
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E3 Install or Connect 

1. Brake release vacuum line Oarger diameter hose) 
to · servo unit and vacuum hose from vacuum 
control valve to servo unit solenoid valve. 

2. Rod or cable to servo unit. 

NOTICE: See •Notice" on page 9B-1 of this 
section. 

3. Servo unit to mounting bracket and secure with 
screws. 

l~I Tighten 
• Screws to 1.4 N·m (12 lb. in.). 

4. Connect electrical connector. 

~ Adjust 

• 
• 

• 
• 
• 

• 

Cable or rod to obtain minimum slack . 
With cable assemble installed on engine bracket 
and servo bracket, install cable end over stud on 
lever so stuci engages slot in cable end. 
Assemble cable to lever stud with retainer and 
release lever. 
Pull servo end of cable toward servo without 
moving lever. 
If one of the six holes in the servo assembly tab 
aligns with cable pin, insert the pin and secure 
with retainer. 
If a tab hole does not align with the pin, move the 
cable away from the servo assembly until the next 
closest hole aligns with the pin. Insert and secure 
with retainer. 

NOTICE: Do not stretch cable to make the pin fit 
into a hole. This will prevent engine from 
returning to idle. 

ENGAGEMENT SWITCH 
Figure 8 

The engagement switch cannot be serviced. The 
complete multi-function lever must be replaced as an 
assembly. 

f ++I Remove or Disconnect 
1. Negative(-) battery cable. 
2. Left-hand instrument panel sound insulator. 
3. Cruise control switch harness connector and 

attach a long piece of mechanic's wire to end of 
cruise control lever harness connector. 

4. Multi-function lever by pulling it out of the 
detented retaining clip inside the steering column. 

• Pull harness up and out gently so 
mechanic's wire can be used to install new 
unit. Removing the protective plastic 
sheathing for the cruise control wires from 
the steering column may aid in the removal 
and installation of the engagement switch. 
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~FRT 

VACUUM TANK 

~ FR T 
VIEWS 

1 CABLE ASM 
2 CAP 
3 STRAP 
4 HOSE ASM 
5 HOSE ASM 
6 NUT 
7 STUD 
8 BRACKET 
9 BOLT/SCREW 
10 RETAINER 
11 HOSE 

K 7-98-P'-RP 

Figure 7 - Servo Mounting (Typical) 

E3 Install or Connect 

• Place the transmission selector in "LOW" to ease 
installation. 

1. Upper end of mechanic's wire to cruise control 
switch harness connector and gently pull 
mechanic's wire at lower end of column, feeding 
harness into proper location in column. 

2. Multi-function lever into switch and snap into its 
retainer. 

• Disconnect mechanic's wire from switch harness. 

3. Harness. 

• Reinstall protective plastic around wires 
and column. 

4. Left-hand instrument panel sound . insulator 
panel. 

5. Negative(-) battery cable. 

SPEED SENSOR, BUFFER AND HARNESS 

Refer to ELECTRICAL DIAGNOSIS (SEC. 
SA). 

CRUISE CONTROL MODULE 

Refer to INSTRUMENT PANEL, CONSOLE 
AND GAGES (SEC. SC). 

RELEASE SWITCHES 

(++! ·Remove or Disconnect 

1. Negative(-) battery c~ble. 
2. Left-hand instrument panel sound insulator 

panel. 
3. Cruise control wire terminal. 
4. Stoplamp wire terminal. 
5. Vacuum line. 
6. Switch retainer. 
7. Switch from bracket. 

!++I Install or Connect 
1. Switch on bracket, securing with retainer. 

• Switch must be oriented correctly. "Clicks" 
can be heard as threaded portion is inserted. 

2; Vacuum line. 
3. Stoplamp wire terminal. 
4. Cruise control wire terminal. 

l~I Adjust 

• Switch. 
• Pull pedal fully rearward against pedal 

stop until "click" sounds can no 
longer be heard. Valve or switch will 
be moved in retainer to adjust. 

• Release pedal, then repeat until no 
"clicks" can be heard. 

5. Left-hand instrument panel sound insulate 
panel. 

6. Negative(-) battery cable. 



[!] MECHANIC'S WIRE 

0 STEERING COLUMN OPENING 

0 WIRE HARNESS PROTECTOR 

Figure 8 - Multi-Function Lever Assembly 

SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 
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KC0011-9B-F-aP 

Servo Unit-to-Mounting Bracket Screw .......................................................... 1.4 N·m (12 lb. in.). 
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SECTION 9D 

THEFT DETERRENT 
·The following "Notice" applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: "NOTICE: See "Notice" on page 9D-1 
of this section. 

NOTICE: When fasteners are removed, always _reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or systems damage 
could result. 
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GENERAL DESCRIPTION 
The Vehicle Anti-Theft System (VA TS) is 

designed to prevent theft by disabling the engine unless 
a key with a specific electrical resistance value is used 
in the steering column ignition lock. The system 
components include: the ignition key, the ignition lock 
cylinder, the system module (controller), the starter 
enable relay, the engine control module (ECM), and 
the connecting wire harness. 

SYSTEM OPERATION 
The VA TS system will prevent the engine from 

starting when the correct resistance is not sensed from 
the encoded pellet on .the ignition key. Of the 15 
resistance values available, only one will work with 
each VA TS module. VA TS prevents the engine from 
starting by isolating the starter enable relay and the 
engine control module (ECM) fuel enable input. If the 
ECM does not sense the correct pulse width modulated 
signal on the fuel enable input, it will not provide fuel 
to the engine. 

If the wrong resistance value is sensed when the 
ignition switch is activated, the VA TS module will not 
ground the starter enable relay circuit and will not 
output the fuel enable signal for approximately three 
minutes. This effectively prevents the engine from 
starting and discourages anyone from trying codes 
(resistance values) at random. 

When the correct resistance value is sensed due 
to ignition switch activation, the VATS module will 
ground the starter enable relay circuit and output the 
fuel enable signal. This allows the engine to start 
normally. 

On-Vehicle Service ............................................. 9D-2 
Ignition Key ...... ......................................... 9D-2 
Steering Column Lock Cylinder .................... 9D-3 
Vehicle Anti-Theft System (VATS) 

Module (Controller) .................................... 9D-3 
Starter Enable Relay . ..................................... 9D-4 
Engine Control Module ................................. 9D-4 

Specifications ........................ ........................... ... 9D-5 
Special Tools ................ ........ .............. ................ 9D-5 
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Figure 1 - Vehicle Anti-Theft System (VATS) 
Components 

SYSTEM COMPONENTS 
Figure 1 

Ignition Key 

The ignition key for VA TS equipped vehicles is 
an assembly of a typical square head ignition key blank 
and a resistor pellet. The key blank and resistor pellet 
are not serviceable separately. There are 15 different 
ignition key assemblies, each with a different resistance 
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value. The ignition key also has mechanical. cuts 
similar to all regular ignition keys. 

Steering Column Lock Cylinder 
The steering column lock cylinder on VATS 

equipped vehicles contains a set of electrical contacts 
used to measure the resistance value in the ignition key 
pellet. The wiI'e routing for the contacts inside the 
steering column is important. When servicing the lock 
cylinder set, be certain to maintain proper wire routing. 
See Figure 2. A two-way connector at the base of the 
steering column connects the contacts to the vehicle 
wiring harness. The connector is · also used for 
diagnostic purposes. The steering column lock cylinder 
also performs all normal ignition switch lock functions. 
When replacing a VATS steering column lock cylinder, 
it will be necessary to make new keys which match the 
VA TS module code as well as the mechanical cut of the 
new lock cylinder. 

Vehicle Anti-Theft System (VATS) Module 
(Controller) 

The VA TS module ( controller) contains the logic 
of the VATS system. The VATS module has inputs 
from the ignition circuit and the ignition key resistor. 
Th.e module has outputs to the starter enable relay, the 
fuel enable relay, and instrument panel security light 
connector. 

The ignition key input is used to turn the module 
on. When the module is turned on, it will read the 
ignition key resistor and control outputs accordingly. 
When the module is turned off, the ignition key resistor 
is not read and the starter enable relay and fuel enable 
output will not allow the engine to start. When the 
ignition is turned •OFF•, the battery input to the 
VATS module will draw about 1 milliamp. 

The ignition key resistor inputs are used to 
determine if the correct key is being used to start the 
vehicle. If the resistance value of the ignition key 
matches the value stored in the VA TS module, then the 
starter enable relay and fuel enable output will allow 
the vehicle to start. If the resistance value of the 
ignition key does not match the value stored in the 
VA TS module, the starter enable relay and fuel enable 
output will not allow the vehicle to start. 

The starter enable circuit controls the starter 
enable relay. When the VATS module senses the 
proper resistance at the ignition key, it grounds the 
starter enable circuit, which allows the engine to be 
cranked. If the VA TS module does not sense the proper 
resistance at the ignition key, it will not ground the 
starter enable circuit. 

The fuel enable circuit is an output from the 
VA TS module and an input to the ECM. When the 
VA TS module senses. the proper resistance at the 
ignition key, it will output a pulse width modulated 
(PWM) signal to the ECM. If the VATS module does 
not sense the proper resistance at the ignition key, it 
will not output the PWM signal to the ECM. 

The Assembly Line Diagnostic Link (ALDL) 
circuit is an indicator lamp output. Because VA TS is 
grounded into the driver information system, the 
indicator lamp will be grounded during a two second 

'"bu.lb test" at ignition key "ON", at any time that the 
VATS module is preventing the engine from starting, 
or if the VATS module is not properly programmed. 

Starter Enable Relay 
The starter enable relay is used to prevent the 

engine from cranking if the correct resistance is not 
sensed at the ignition key. It prevents the engine from 
cranking by opening the circuit to the starter solenoid. 

Engine Control Module (ECM) 
The ECM reads the fuel enable circuit to 

determine if fuel injection should be allowed. If the fuel 
enable PWM signal is not present, the ECM will not 
allow fuel injection. If the PWM signal is present, the 
ECM will allow fuel injection and normal engine 
operation. 

The ECM has some diagnostic features associated 
with the VATS fuel enable input, including trouble 
codes. Refer to ELECTRICAL DIAGNOSIS (SEC. 
SA). 

DIAGNOSIS 
For all diagnostic procedures on the VATS 

system, refer to ELECTRICAL DIAGNOSIS (SEC. 
SA). 

ON-VEHICLE SERVICE 
IGNITION KEY 
Copying VATS Ignition Keys 

Tool Required: 
J 35628 VATS Interrogator 

To copy a VATS ignition key, it is necessary to 
first determine which key code (resistance value) is 
needed. The ignition key being copied must be tested 
to determine the key code. The key may be tested by 
using J 35628. To operate J 35628, turn the cover 
switch (2) "ON". Be sure the tool wiring connectors 
are disconnected, and insert the key into the tool lock 
cylinder. The key code reader will display the key code 
of the ignition key. Obtain a key blank matching this 
key code and cut it to match the original key. 

Replacing Lost VATS Ignition Keys 
Tool Required: . 

J 35628 VATS Interrogator 
To replace lost VATS ignition keys it is necessary 

to determine the mechanical cut and the electrical 
(resistance value) code. 

The mechanical cut can be determined from the 
key code on the ignition lock cylinder or from the 
original key "knock outsH. If the mechanical cuts 
cannot be determined, the ignition lock cylinder must 
be replaced. Make a key with the correct mechanical 
cut to use while determining the proper electrical 
(VATS) key code. 

To determine the proper electrical key code 
(resistance value) use J 35628 and the following _ 
procedure: 

1. Connect J 35628 wiring to the VATS dash 
connector at the base of the steering column. Do 
not connect the steering column wiring. 



2. Tum power switch "ON" and place key code 
switch to "I" and attempt 10· start engine with 
proper mechanically cut key. If engine starts, the 
key code is .. l". 

3. If engine does not start, press four minute timer. 
4. When timer lamp goes on, or the "START CAR" 

message is displayed, place key code switch to "2" 
and attempt to start engine. If engine starts, key 
code is "2". 

5. Continue trying different key codes until proper 
key code is found. 
• Make a new key with the proper VATS code 

and mechanical cut. 

STEERING COLUMN LOCK CYLINDER 

Figure2 

To service the steering column lock cylinder, 
refer to STEERING COLUMN - STANDARD (SEC. 
3Fl) or STEERING COLUMN - TILT (SEC. 3F2). rn Important 

• The wire routing for the contacts inside the 
steering column is important. When servicing the 
lock cylinder set be certain to maintain proper 
wire routing (A); do not twist wires. When 
replacing lock cylinder, cut wire as shown (B) and 
leave in place. Reconnect to replacement 
cylinder. Wire retainer leg can be cut (C) to 
facilitate removal. 

0 PROPER WIRE ROUTING FROM LOCK CYLINDER OJ KEY 
(DO NOT TWIST WIRES) 
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VEHICLE ANTI-THEFT SYSTEM NATS) 
MODULE (CONTROLLER) 
Figure 3 

If a VA TS module is inoperative, it should be 
replaced with a new VATS module. It is not necessary 
to match the replacement module to the ignition key. 
The replacement module will "learn" the ignition key 
code (resistance value) the first time it is turned on. The 
ignition key code is learned permanently, so caution 
should be used to ensure that unwanted key codes are 
not learned. 

l++I Remove or Disconnect 

1. Negative(-) battery cable. 
2. Left-hand sound insulator panel attaching screws 

and sound insulator panel. 
3. Convenience center bracket assembly attaching 

screws and position assembly to one side. 
4. Console front trim plate attaching screws and 

front trim plate. 
5. A/C heater. control assembly attaching screws 

and position control assembly to the right side. 
• Working through the A/C heater control 

assembly opening, perform step 6. 
6. VATS module attaching screws (7). 
• Working through lower instrument panel 

opening, perform remaining steps. 
7. Flasher retaining clip and position flasher to one 

side. 

0 0 LOCK CYLINDER 
CUT WIRE AND L.EA VE IN PLACE WHEN 0 LOCK RETAINING .SCREW REPLACING LOCK CYLINDER 

@] CUT OFF WIRE RETAINER LEG GJ KEY WARNING BUZZER SWITCH 

ON ORIGINAL CONNECTION WHEN REPLACING {I] RETAINING CUP LOCK CYLINDER 
KC0101-9D-F-RP 

Figure 2 - Ignition Lock Cylinder Installation 



90-4 THEFT DETERRENT 

8. Module electrical connector and remove module 
(6). 

E3 Install or Connect 

• Working through lower instrument panel 
opening, perform steps 1 and 2. 

1. Module electrical connector to module (6). 
2. Flasher and retaining clip. 
• Working through A/C heater control assembly 

opening, perform step 3. 

NOTICE: See "Notice" on page 9D-1 of this 
section. 

3. Module (6) and module-to-mounting bracket 
screws (7). 

l~I Tighten 
• Screws to 1.5 N ·m (13 lb. in.). 

4. A/C heater control assembly and attaching 
screws. 

5. Console front trim plate and attaching screws. 
6. Convenience center bracket and attaching 

screws. 
7. Left hand sound insulator panel and attaching 

screws. 
8. Negative(-) battery cable. 

0 MODULE 

0 SCREWS 

[I] HEATER DUCT 

ltC0102-8~RP 

Figure 3 - Vehicle Anti-Theft System Module 

STARTER ENABLE RELAY 
Figure4 

If the starter enable relay is determined to be 
inoperative, it should be replaced. 

E3 Rem_ove or Disconnect 

1. Left side finishlng panel. Refer to BODY 
FRONT END (SEC. 10-4). 

2. Relay mounting screw (11). 
3. Starter enable relay (10). 

E3 Install or Connect 

1. Starter enable relay (10). 

NOTICE: See "Notice" on page 9D-1 of this 
section. 

2. Relay mounting screw (11). 

l~I Tighten 

• Screw to 1.8 N·m (16 lb. in.). 
3. Left side finishing panel. Refer to BODY FRONT 

END (SEC. 10-4). 

KC0103-9~P 

Figure 4 - Starter Enable Relay 

ENGINE CONTROL MODULE (ECM) 
For information on the ECM, refer to 

DRIVEABILITY AND EMISSIONS - FUEL 
INJECTION (TBI) (SEC. 6E2) or DRIVEABILITY 
AND EMISSIONS - FUEL INJECTION (PORT) 
(SEC. 6E3). 



SPECIFICATIONS 

. FASTENER TORQUE SPECIFICATIONS · 

THEFT DETERRENT 9D-6 

Module Mounting Screws ............................................................................... 1.5 N·m (13 lb. in.) 
Relay Mounting Screws ................................................................................... 1.8 N ·m (16 lb. in.) 

SPECIAL TOOLS 

DJ V.A .T.S. INTERROGATOR 

KCOOOS-90-1'-RP 



ENGINE BLOCK HEATER 9E-1 

SECTION 9E 

ENGINE BLOCK HEATER 
The following "Notice" applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: "NOTICE: · See "Notice" on page 9E-l of 
this section." 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced,. use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused. and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 

CONTENTS 
General Description .............. ......................... .... 9E-1 
On-Vehicle Service ............................................. 9E-1. 

GENERAL DESCRIPTION 
The optional engine block heater is used to heat 

engine coolant, making it easier to start the engine in 
cold climates. The engine block heater is installed into 
the engine block at a water jacket plug location 
(Figures 1 and 2). An electric heater cord runs from the 
engine block heater to a convenient location on the 
vehicle. 

ON-VEHICLE SERVICE 
ENGINE BLOCK HEATER REPLACEMENT 
Figure 3 

l++I Remove or Disconnect 

CAUTION: Perform this operation 
when the engine is cool or personal 
injury may result. 

• Drain the coolant from the engine block into an 
approved container. 

• Raise the vehicle and suitably support. Refer to 
GENERAL INFORMATION (SEC. 0A). 

1. Electrical connector (2) from engine block heater 
(1). 

2. Engine block heater (1). 
• Turn the center screw counterclockwise as 

far as it will go. 

NOTICE: When removing the engine block heater 
from the engine block, be careful not to score the 
machined surface of the plug hole. 

• Tilt the engine block heater (1) so the yoke 
will come out of the engine block. 

• Pull the engine block heater (1) out of the 
plug hole. 

• If removing the engine block heater (1) 
permanently, install a water jacket plug into the 

Engine Block Heater Replacement ................ 9E-1 
Heater Cord Replacement .............................. 9E-2 

plug hole and replace coolant. For coolant 
replacement procedures, refer to COOLING 
AND RADIATOR (SEC. 6B). 

~ Clean 

- Plug hole. 
- Remove burrs, lubricant, paint and other 

rough spots. 

E3 Install or Connect 

• Apply a coat of petroleum jelly or grease to the 
0-ring (3) and the walls of the plug hole. 

NOTICE: The element on the engine block heater 
must not touch the engine block inner wall in the 
installed position or damage to the engine block 
and engine block heater could result. 

1. Engine block heater (1) into plug hole. 
• Fit one end of the yoke into the block, then 

tilt the engine block heater (1) so the other 
end of the yoke can fit through the plug 
hole. 

• Line up the engine block heater (1) with the 
plughole and push it straight into place. 

• Rotate engine block heater ( 1) clockwise as 
far as it will go, then back it off slightly so 
the heater .element is clear of the engine 
block inner wall. 

• Tum the center screw so that the yoke 
presses against the engine block inner wall. 

CAUTION: The heater cord must not 
touch the engine, hot pipes. manifold 
or any moving parts or damage to the 
vehicle and possible personal injury 
may result. 

2. Electrical connector (2) to the engine block 
heater (1). 



. 9E-2 · ENGINE BLOCK HEATER 

~ ENGINE BLOCK HEATER 

0 ELECTRICAL CONNECTOR 

Figure 1 • VS Engine Block Heater Location 

(I] . ENGINE BLOCK HEATER 

0 ELECTRICAL CONNECTOR 

KC1002-!IE-F-RP 

Figure 2 • V6 Engine Block Heater Location. 

• Replace coolant. Refer to COOLING AND 
RADIATOR (SEC. 6B). 

• Lower vehicle. 

0 REMOVAL AND INSTALLATION POSITION 

[!] INSTALLED POSITION 

@] ENGINE BLOCK . 

@] YOKE 

0 CENTER SCREW 

0 ELEMENT 

0 0-RING 
KC1003-9E.f-llP 

Figure 3 • Engine Block Heater 

HEATER CORD REPLACEMENT 

Figures 1 and 2 

j+~I Remove or Disconnect 

• Note position and routing of heater cord for 
proper placement during installation. 



1. Heater cord electrical connector (2) from engine 
block heater (1). 

2. Clips and/ or straps as required. 

3. Heater cord from vehicle routing. 

E3 Install or Connect 

NOTICE: Heater cord must not touch the engine, 
hot pipes, manifold or any moving parts, or 

ENGINE BLOCK HEATER 9E-3 

damage to the vehicle and possible personal injury 
may result 

1. Heater cord to vehicle routing as noted during 
removal. 

2. Clips and/or straps as required. 
3. Heater cord electrical connector (2) to engine 

block heater ( 1 ). 
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SECTION 10-1 

GENERAL BODY SERVICE PROCEDURES 
NOTICE: The anti-theft label found on some major sheet metal, engines, and transmissions must be masked 

prior to painting, rustproofing, undercoating, etc. The mask must be removed following the above operations. 
Failure to keep the label clean and readable may result in liability for violation of Federal Vehicle Theft Prevention 
Standard, and subject . the vehicle owner to possible suspicion that the part was stolen. 

CONTENTS 
Lock Cylinder Coding ..................................... 10-1-1 

Key Identification and Usage ...... ........ ........ 10-1-1 
Cutting Keys ............. .... ............. .................. 10-1-1 
Replacement Lock Cylinders ................... .. .. 10-1-1 
Assembling and Coding Lock 

Cylinders ................. .... ................. ............. 10-1-2 
All Lock Cylinders Except Rear 

Stowage Compartment ... ............ ......... .. 10-1-2 
Rear Stowage Compartment Lock 

Cylinder ............. .... ...................... .......... 10-1-2 
Adhesive Body Side Moldings ......................... 10-1-2 

Molding End Loose ..................................... 10-1-3 
Molding Completely Removed .................... 10-1-3 
Molding Replacement ...................... .... ...... .. 10-1-3 

Waterleak Diagnosis ..... ... . ....... .. ... ....... .. .... .. . ... 10-1-4 
Localized Testing (Spot Test) .... .................. 10-1-4 
Water Hose Test ......................... ................. 10-1-4 
Air Hose Test .................. ....................... ...... 10-1-4 
Waterleak Repair .. ........ ..... .. .. ......... ....... .. .. .. 10-1-4 

Windnoise Diagnosis and Repair ................ .... 10-1-5 
Anticorrosion Treatment ............. .......... .......... 10-1-5 

LOCK CYLINDER CODING 
KEY IDENTIFICATION AND USAGE 

Figure 1 

The lock cylinder keyway is designed so that 
other model keys will not enter a current model lock 
cylinder. Two noninterchangeable keys are used. 

• Square-headed key is used in the ignition lock 
cylinder. 

• Oval-headed key is used in all other lock 
cylinders. 

Key identification is obtained from the four 
character key code stamped on the knockout portion 
of the key head and an identification letter stamped on 
the key shank. After the code number has been 
recorded by the owner, the plugs should be knocked 
out of the key head. From these numbers, the lock 
combination can be determined by use of a code list 
which is available to owners of key cutting equipment 
from equipment suppliers. If the key code numbers are 
not available from records or from the knockout plug, 
the lock combination (tumbler numbers and position) 
can be determined by laying the key on the diagram. 

Corrosion Repair ........... ...... ................... ...... 10-1-7 
Paint Conditions and Repair ......... ............ ...... 10-1-9 

Anti-Chip Coating ......... ........................... ... 10-1-9 
Flexible Exterior Plastic Parts Repair 
(Except E/P and TPO) ................ ~ ............. 10-1-10 
Ethylene/Propylene (E/P). and 

Thermo Plastic Olefin (TPO) 
Repair .... .......... ...... .............. ................ 10-1-13 

Painting Flexible Parts - E/P 
and TPO .... ........ ... .................................. 10-1-13 

Metal Replacement Parts Finishing . ... .. .... 10-1-13 
Interior Plastic Trim Parts Finishing .. ... ... 10-1-14 

Painting Polypropylene Plastic 
Parts .......... .... ............ ............... .. ......... . 10-1-14 

Painting Rigid or Hard ABS 
Plastic Parts . . . . . . . . . .. . . . . . . . . . .. . . . .. . . . .. . . . . .. . . . 10-1-14 

Painting Vinyl and Flexible (Soft) 
ABS Plastic Parts .................. .. .. .......... 10-1-14 

Availability of Colors for Painting 
Interior Plastic Parts . . . ...... .... . .. .. ......... 10-1-15 

B[!J 
POSITION 

LEVELS 

· 111111 . 
123456 . 

✓ 

I 2 3 A 5 

KC0010-101 ·a.RP 

Figure 1 - Key Code Diagram 

CUTTING KEYS 
Figure 1 
• Determine special code from the code list or the 

key code diagram. 
• Cut a blank key to the proper level for each of six 

tumbler positions. 
• Check key operation in the lock cylinder. 

REPLACEMENT LOCK CYLINDERS 
Figure 2 

Lock cylinders (3) are available from service parts 
warehouses. The new cylinder (3) has a locking bar 
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staked in place. Tumblers (1) are also available and 
must be assembled into the cylinder (3). 

ASSEMBLING AND CODING LOCK CYLINDERS 

All Lock Cylinders Except Rear Stowage 
Compartment 
F,gures 2 through 4 

Tumblers (1) for all locks are shaped exactly alike 
with the exception of the notch position on one side. 
As the key is inserted in the lock cylinder (3), tumblers 
(1) are lowered to the correct height so that notches on 
each tumbler (1) are at the same level. When the 
notches on all six tumblers (1) line up, the side bar (4) 
is pushed into the notches by two small springs. This 
allows the cylinder (3) to turn in its bore. Five types of 
tumblers (1) are used to make the various lock 
combinations. Each tumbler (1) is coded according to 
a number, one through five, stamped on its side. 

Et) Assemble 

• Determine tumbler (1) numbers and 
arrangement. 
- With the numerical key code, use the code 

list provided by the key cutting equipment 
supplier. 

- Without the numerical key code or without 
the code list, ref er to Figure 1. 
• Lay the key on the key code diagram. 

Be sure the key is outlined by the 
diagram. 

• Start with position number one. Find 
and record the lowest level (tumbler 
number) that is visible. Repeat for 
each of the remaining five positions. 

1. Tumblers in their proper slots in the order called 
for by the code (Figure 2). 
• Start with position number one, open end or 

cylinder head (2). 
2. TUQlblers by pulling side bar (4) out with fingers. 
3. One tumbler spring (6) above each tumbler (1). 
4. Spring retainer (5) so that end prongs slide into 

the slots at each end of the cylinder (3). 
• Press the spring retainer (5) down (Figure 

3). 

0 TUMBLER 0 
0 LOCK CYLINDER HEAD 

0 CYLINDER 

0 SIDEBAR 
KCOOZ0-101-IMIP 

Figure 2 - Lock Cylinder Components 

0 STAKE POINTS FOR RETAINER 

II] LOCK CYLINDER HEAD 

(!] SPRING RETAINER 
KC0030-101-8-IIP 

Figure 3 - Installing Spring Retainer 

• Insert key into lock cylinder (3) to check for 
proper installation. 

IL!) inspect 

• Side bar (4) will drop down if tumblers (1) 
are installed properly. H incorrectly 
assembled, take apart and assemble 
correctly. 

NOTICE: Use leather or wood at each vise jaw to 
prevent damage to the cylinder. 

• Remove key and secure the cylinder (3) in a vise 
with the spring retainer (5) exposed. 

• Stake the spring retainer (5) securely in place at 
each end. Use a suitable staking tool and stake 
cylinder metal over the retainer. 

• Black lock cylinders should be lubricated with a 
light oil All other lock cylinders should be 
lubricated with a general purpose silicone 
lubricant, part number 1052277 or equivalent. 

Rear Stowage Compartment Lock Cylinder 
Figures 4 and 6 

A lock cylinder (3) with snap-in tumblers (1) is 
used for the rear stowage compartment lock. The lock 
cylinder has four or five tumbler positions. The number 
one or two position ( closest to the cylinder head) is a 
brass retainer tumtiler. The two through five positions 
or three through five positions are standard tumbler 
positions depending upon cylinder type. Therefore 
only the last four or five tumbler combinations are 
required. 

F:3 Assemble 
• Determine tumbler (1) numbers and arrangement 

as previously described and install tumblers. 
• After installation, tap the tumblers (1) flush with 

the cylinder (3). 

ADHESIVE BODY SIDE MOLDINGS 
The body side moldings are attached to the body 

panels with adhesive tape. To insure a good 
replacement of new or old moldings, the panel surface 
should be warm 21•c to 32•c (7CJ'F to 9<rF), clean and 
free of any wax or oily film. Methods are listed to 
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EJ 1\JMBLER V 
0 CYLINDER HEAD 

0 CYLINDER 

0 SPRING RETAINER 

0 SPRING 
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Figure 4 • Installing Tumblers 

0 WOODEN BLOCK 

KCOOS0.101 P 

Figure 5 - Locking Tumblers in Place 

attach loose molding ends, completely removed 
moldings, and replacemept moldings. 

MOLDING END LOOSE 

1. Wash the affected area w.ith soap and water and 
wipe dry. Wipe panel and adhesive side of the 
molding with a clean rag using oil-free naphtha 
or alcohol. 

If the molding has pulled loose from the adhesiYe 
backing (tape remains on body panel), do not 
remove the tape from the body. Clean the back 
of the molding and the tape on the body with 
oil-free naphtha or alcohol and proceed with step 
3. . 

2. If needed, apply a length of masking tape as a 
molding guide. A straightedge may also be used. 

3. Apply adhesive to the back of the molding and 
press in place. If adhesive (part number 1052621 
or equivalent) is used, apply constant pressure to 
the molding for 30 seconds or until a firm bond 
has been made. 

GENERAL" BODY SERVICE PROCEDURES 10-1-3 

MOLDING COMPLETELY REMOVED 
Figure B. 

1. Wash affected panel area with soap and water. 
Wipe dry. 

2. Remove all traces of adhesive from the body 
panel and back of molding using oil-free naphtha 
or alcohol. rn Important 

• Do not use this procedure if molding is 
dented or was pried from the body. 

3. Mark proper position of molding with a length of 
masking tape (Figure 6). Use adjacent moldings 
as a guide. 

4. Warm body panel with a heat lamp or heat gun 
to 21°C (7Q°F). 

5. Apply a double-coated foam tape (3M part no. 
06380 or equivalent) to the molding. 

6. Align molding to the tape guideline on the body 
panel. 

7. Peel backing from the end of the molding. 
8. Press firmly into place while continuing to 

remove the backing. 
9. Hand roll the molding to the body to ensure 

proper adhesion. · 

0 TJCPE GUIDUNE 
K 110-101-&-IIP 

Figure 6 - Adhesive Body Side Molding Repair 

MOLDING REPLACEMENT 
1. Mark proper position of molding with a length of 

masking tape (Figure 6). 

~ Clean 
• Body panel using oil-free naptha or alcohol. 

2. Warm body panel with a heat lamp or heat gun 
to 21 ·c (7<J'F). 

3. Peel backing from the front end of the molding. 
• Do not touch the adhesive backing. 

4. Press molding to the body while continuing to 
remove the backing. 

5. Hand roll the molding to the body to ensure 
proper adhesion. 
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6. Molding ends should not overlap door edge, door 
edge guard, lock cylinder or body openings. 

IL•I Inspect 

• Molding ends for bonding. 
• Hand roll loose ends. 

WATERLEAK DIAGNOSIS 
GM vehicles are designed to operate under · 

normal environmental conditions. The design criteria 
for sealing materials and components takes into 
consideration the sealing forces required to withstand 
the natural elements. These specifications do not, and 
cannot, take into consideration all artificial conditions · 
such as may be encountered in some high pressure car 
washes. 

The watertest procedure has been correlated to 
the natural elements and will determine the ability of 
a vehicle to perform under normal operating 
conditions (Figures 7 through 9). 

Repairing body waterleaks is a problem of proper 
testing, diagnosis and repair through adjustment of 
misaligned components and/or application of proven 
repair materials. The first step in waterleak diagnosis 
is finding the conditions under which the leak occurs. 
For example, the leak is noticed only when parked on 
an inclined drive, or when water is in the spare tire 
compartment. 

If the general leak area can be found, the exact 
entry point can be quickly isolated by use of a localized 
test such as a water hose or air hose. If the leak source 
is not obvious, a testing method using watertest 
equipment should be used (Figures 7 and 8). It may be 
necessary to remove some interior trim panels or 
components to locate and confirm repairs. 

KC007S.101-B-RP 

Figure 7 - Watertest Stands Positioned for Front End 
Watertest · 

The watertest stand must be constructed (Figure 
9). 

• W atertest stand specifications: 

• Volume of flow should be 14 liters (3.7 
gallons) per minute. 

• Water pressure, measured at nozzle - 15 5 
kPa (22 psi). 

• . Windshield and front body pillar -
approximately 30 degrees down, 45 degrees 
towards rear and aimed at comer of 
windshield (Figure 8). 

• Side - approximately 30 degrees down, 45 
degrees towards rear and aimed at the 
center of the rear door or rear quarter. 

• Back window and rear compartment led -
approximately 30 degrees down, 30 degrees 
towards the front and aimed about 600 mm 
(24 inches) from the comer of the back 
window. 

• If the specified water pressure of 155 kPa (22 psi) 
caru1ot be obtained because of a local situation, 
both test stands may be moved toward the body 
until the water spray overlap can be obtained 
(Figure 7). 

LOCALIZED TESTING (SPOT Tesn 
Localized testing may be made with either water 

or air. Begin the test at the base of the suspected area 
and continue up slowly until the leak is located. 

[I] Important 

• Pinpoint the leak area before any repair is 
made. Random repair may only temporarily 
restrict water entry and make future 
diagnosis and repair more difficult. 

Continue localized testing in the same general 
area to confirm that all leaks have been located. 

WATER HOSE TEST 
Figures 10 and 11 

• Have a helper inside the car to detect the actual 
leak point. 

• Use unrestricted water flow (no nozzle). 
• Begin at the base of the suspected leak area and 

move upward slowly. 

AIR HOSE TEST 
Figures 12 and 13 

• Apply bubble solution (liquid soap) to the 
suspected area. 

• Apply air pressure with an air hose from inside 
the vehicle. Do not exceed 205 kPa (30 psi). 

• Observe for bubbles on the outside at the 
suspected leak area. 

WATERLEAK REPAIR 
Figure 14 

To locate the exact leak point or to repair the 
leak, it may be necessary to remove some interior trim 
panels or components. Waterleak repair is covered in 
the section covering the component. For example, for 
the repair procedure on stationary glass, refer to 
STATIONARY GLASS (SEC. 10-2). 

After completion of any waterleak repair, the 
general area should be retested using the watertest 
stand. Do not use the air hose or water hose to test 
repaired areas as the repair material may dislodge 
under abnormal pressure. 

Materials recommended for specific leak areas 
include: 
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Figure 8 - Watertest Stand Specifications 

- Urethane adhesive caulking kit (part 
number 963067 or equivalent) for 
windshield, back window and quarter glass 
repair. 

- Brushable seam sealer which can be painted 
for metal joints. 

- Bedding and glazing compound for 
ventilation <iucts and drip moldings. 

- Drip-check sealer for small cracks and pin 
holes. 

- All around automobile body sealant (3M 
part number 8500 or equivalent) for large 
holes. 

- Weatherstrip adhesive (3M part number 
08011 or equivalent) for weatherstrips. 

- Strip caulk for bolts, studs and screws. 

WINDNOISE DIAGNOSIS AND REPAIR 
Many of the waterleak diagnosis tests are also 

used for _ windnoise diagnosis. 
1. Visual inspection. 

• Misaligned components 
• Loose fasteners 
• Tom weatherstrips 
• Broken weld joints 
• Sealer and/or adhesive skips 

2. Tracing powder or chalk test. 

~ Clean 

• Weatherstrip and contact surfaces with 
solvent. 

Apply powder or chalk in an unbroken line to the 
contact surface of weatherstrip around the perimeter of 
the trunk lid, door, door glass, hood, hatch gate or roof 
lift-off panels. Surrounding areas must be free of chalk 
or powder. 

Close panel completely. Do not slam. This 
presses the weatherstrip firmly against the mating 
surfaces. 

(L•I Inspect 
• Applied line on. the weatherstrip will be 

marred where contact is good. A 
corresponding imprint will be on the mating 
surfaces. 

• Gaps or irregularities in the powder or 
chalk line indicate a poor seal. 

3. Air pressure test. 
Mask off both pressure relief valves. Tum on the 

vehicle's ventilation fan. Close all openings - windows, 
doors, etc. An abnormal amount of high pressure will 
buildup in the vehicle and will escape through poor 
seals. With a stethoscope or length of heater hose, 
listen for escaping air along the door and window seals. 

• A smoke or dusting powder test can be used 
in the same manner. The exact leak location 
can be seen as the smoke or powder travels 
through the bad seal. 

4. Soap suds or bubble test. 
Pressurize interior of vehicle. Apply soapy 

solution to potential leak areas outside the vehicle. 
Escaping air pinpoints leak area. 

Air pressure from an air hose from inside the 
vehicle can be used instead of pressurizing the vehicle's 
interior. Do not exceed 205 kPa(30 psi) when using an 
airhose. (Figures 12 and 13). 

5. External windnoise. 
Road-test the vehicle to determine the source of 

noise. 
• Wmd roar is caused by outside air passing 

over an opening. 
• Wind whistle is caused by inside air seeping 

through a bad seal or outside air passage 
over a protruding edge. 

• Wind rush is outside air passing over the 
vehicle's body. 

Tape various moldings and gaps until the noise is 
eliminated (Figure 14). 

NOTICE: ff masking the grille and headlamp 
bezel areas, care must be taken not to restrict 
airflow and cause vehicle overheating. 

Windnoise leak repairs are very similar to 
waterleak repairs. The actual procedure depends on the 
type of seal being repaired. 

Leaks around door opening weatherstrip do not 
always indicate a faulty weatherstrip. A door or door 
glass adjustment may resolve the condition. Refer to 
DOORS (SEC. 10-5). 

ANTICORROSION TREATMENT 
Anticorrosion materials are used on interior and 

exterior surfaces of metal panels providing rust 
resistance. These materials include metals such as 
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LOCAUY 
· FABRICATED 
TOOL 

0 1 /2" ,c 36" PIPE 

. 0 FUU CONE SPRAY NOZZLE. NOZZLE 
HEIGHT -1600mm 163"1 FROM FLOOR. 

@] 1/2. • COUPLING 

@] 112" ,c 1/2" x 1 /4" REDUCING TEE IRIGHT ONLY! 

0 1 /2" COUPLING ILEFT ONLY) 

0 1 /2" CROSS IRIGHT ONL YI 

@] 1 /2" TEE (LEFT ONL YI 

0 1 /2" PIPE TO HOSE NIPPLE (RIGHT ONL YI 

[Q 5/8" FEMALE HOSE COUPLING 

0 2' INPUT HOSE (5/8" DiA.> RIGHT ONLY 

0 1/2" CLOSE NIPPLE 

~ 1/2" CROSS WITH WELD-ON 1/2" CAP 

[~] 1 /2" x 1 r NIPPLE 

[!) 1/2"CAP 

@] 5/8" FEMALE HOSE COUPLING 

0 12' CROSS HOSE (5/8" DIA.I 

~ HOSE QUICK CONNECT 

0 1 /2" PIPE TO HOSE NIPPLE 

0 1 /2" x 30" PIPE (STRAIGHT! 

0 WATER PRESSURE GAGE (RIGHT SIDE) 

IT] 

K 101•8-RP 

Figure 9 - Watertest Stand Components 

693083-1-8 

Figure 10 - Water Hose Test of Windshield Pillar 

-

893080.1-SG 

Figure 11 - Pressure Test of .Wheelhouse 

I 
G9 

Figure 12 - Air Hose and Bubble Solution Test of 
Windshield Glass Sealant · 

;I 
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893081-1-8 

Figure 13 -Air Gun and Bubble Solution Test of Panel 
Joints 
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KC0100-101-B-RP 

Figure ·14 - Masking Tape Application to Identify 
Wlndnoise 

one-sided and two-sided galvanized zincrometal and 
zinc-iron alloy steels. These treated_ metals are used on 
components such as fenders, doors, quarter panels, 
rocker panels, lids, floor pans, wheelhousings and 
other critical parts. 

Metal conditioners and primers are used on 
interior and exterior surfaces along with protective 
waxes on interior surfaces in areas where moisture 
might accumulate. Sealers are applied along exposed 
joints and moisture-repelling asphaltic sound 
deadeners are applied inside the wheel wells, doors and 
on some underbody components. Figures 15 througli 
23 illustrate typical production and field usage of these 
materials. 

Any procedure that disturbs these special 
treatments, such as panel replacement or collision 
damage repair operations, may · leave the metal 
unprotected and result in corrosion. Proper recoating 
of these surfaces with service-type anti.corrosion 
material is essential. 

CORROSION REPAIR 

Metal conditioners and primer coatings are 
applied to all metal panels at the time of vehicle 
manufacture. After repair and/ or replacement parts 
are installed, all accessible bare metal surfaces must be 
treated with metal conditioner and reprimed using an 
acrylic chromate material. This operation is to be 
performed prior to the application of sealers, waxes, 
deadeners and anti.rust compounds. 

Sealers are applied to specific joints duiing 
manufacture. These sealers are intended to prevent 
water and dust from entering the vehicle and are 
anti.corrosion barriers. Sealers are applied to such areas 
as door and rear compartment lid hem flanges, 
wheelhouse, quarter outer, floor, cowl, roof and 
various other panel-to-panel attaching points. The 
originally sealed joints are obvious and any damage to 
these sealed locations should be corrected by resealing. 
Attaching points of new replacement panels should be 
resealed. Replacement lids and doors will also require 
sealing in the hem flange areas. 
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0 WINDSHIELD PILLAR 

0 PLENUM 

0 MEDIUM-BODIED SEALER 

~ SHROUD SIDE PANEL 

KC0110.101-B-RP 

Figure 15 ~ Sealing Front End 

SEALER APPLIED ALONG ENTIRE. ~ 
PERIMETER OF HEM FLANGE ~ 

ANTI-CORROSION COMPOUND. 
APPLIED TO INSIDE OF PANELS 

KC0120.101-B-RP 

Figure 16 • Typical Hem Flange and Anticorrosion 
Treatment 
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~ DEADENER MATERIAL 
KC0130-101-~P 

Figure 17 - Typical Application of Deadener Material to 
Inside of Door Outer Panel 

Flanged joints, overlap joints and seams should 
be sealed using a quality sealer of medium-bodied 
consistency. The sealer used must retain its flexible 
characteristics after curing and be paintable. 

Open joints which require bridging of the sealer 
to close a gap should ~ sealed using a heavy-bodied 
caulking material. Follow the label directions for the 
material selected. 

Color application may be required to restore 
repaired areas such as hood, fenders, doors, quarters, 
lid, roof, engine compartment, underbody and inner 
panels to original appearance. When this is necessary, 
conventional refinishing preparation, undercoat 
build-up and color application techniques should be 
followed. 

Deadener materials (spray-on type) are used on 
various metal panels to provide corrosion resistance 
and joint sealing. They control the general noise level 
inside the passenger area of the vehicle. When 
deadeners are disturbed because of damage, removed 
during repair operations, or a new replacement panel 
is installed, the deadener material must be replaced by 
a service equivalent material. The application pattern 
and location of deadener materials can be determined 
by observing the original production installation. 

Anticorrosion compounds are light-bodied 
materials designed to penetrate between metal-to-metal 
surfaces, such as pinch-weld joints, · hem flanges, and 
integral panel attaching points where metal surfaces 
are difficult to coat with conventional undercoating 
materials, and are inaccessible for painting. Material 
suited for this type application is part number 10528S6 
or equivalent. 

Conventional undercoating is recommended to 
coat large areas such as replacement door and quarter 
outer panels, floor pan sections, lids, hoods, fenders, 
etc. 

During undercoating operations, care should be 
taken to prevent the material from being sprayed into 
door and quarter panel hardware mechanisms such as 
door locks, glass run channels, window regulators and 
seat belt retractors. On the underbody, the material 
should not be applied to any moving or rotating part, .. 

energy absorbing bumper components or· shock 
absorbers. After undercoating, make sure that all body 
drain holes are open. · 

I~ 
: I I~ · , 

: I 

[I] 
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SECTIOND-D 

0 ANTI-CORROSION APPLICATION 

[!] SEALER APPLICATION 

KC0140-101~RP 

Figure 18 - Typical Sealer and Anticorrosion Compound 
Treatment 

. . . 

The sequence of . application steps for 
anticorrosion materials is as follows: 

1. Clean and prepare metal. 
2. Apply primer (acrylic chromate). 
3. Apply sealers at all previously sealed joints. 
4. Apply color in areas where color is required, such 

as hem flanges, exposed joints and underbody 
components. 

5. Apply deadeners as indicated by original 
application pattern. 

6. Apply anticorrosion compounds. 
7. Apply underbody rustproofing material. 

Cleaning of the interior and underbody panel 
surfaces is necessary when original galvanized or other 
anticorrosion materials have been burned off during 
welding or heating operations. Removal of the residue 
from burning will require additional care in such areas 
as interior surfaces of box-type construction and when 
configurations of the metal panels limit access to the 



interior surfaces. One or more of the following methods 
will remove the residue. 

CAUTION: Approved safety glasses 
should be worn when performing this 
procedure to reduce the chance of 
personal injury. 

• Where access is possible, scraping can be used. If 
a standard putty knife or scraper will not fit into 
the affected area, fabricate a small, flexiole 
scraper from a narrow piece of sheet metal. 

• A jet of compressed air will remove most residue 
and is effective in limited-access areas. Eye 
protection is absolutely necessary in an operation 
of this type. · 

• Sandblasting is effective and should be used when 
the equipment is available and access to the area 
is good. Sandblasting is an excellent method for 
cleanup and preparation of open joints, 
underbody components and hem flange areas. 

• Wire brushing (power and by hand). 
• When access is good, sandpaper and steel wool 

can be used. 

0 HEM FLANGE AREA 

ICC0ll0-101 P 

Figure 19 - Typical Anticorrosion Treatment Around 
Entire Perimeter of Rear Compartment Lid 

PAINT CONDITIONS AND REPAIR 
ANTI-CHIP COATING . 

An anti-chip coating is applied to specific lower 
areas of the body prior to the color coat application on 
some vehicles. The applied material can be detected 
through visual inspection. If the production-applied 
anti-chip coating requires replacement, a chip resistant 
air dry vinyl that is solvent borne and sprayable is 
available for field use. 

· Materials and equipment necessary for repair: 
• Vinyl gravel guard (Sherwin-Williams part 

number G1W295 or equivalent). 
• Sandpaper - number 80 grit. 
• _Portable heat lamp or heat ~ -
• Extension cord. 
• Clean shop towel. 
• Conventional hand spray gun with pr~ure 

feed cup attached. 
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SECTIONB-B 

ED QUARTER OUTER 

~ GUTTER 

~ REAR END PANEL 

~ FLOORPAN 

-----SECTIONC-C 

KC0190-101.S,RP 

Figure 20 - Typical Joint Sealing, Rear End Area 

0 DEADENER APPLICATION 0-_.,Qf 
III SEALER APPLICATION (ALL JOINTS) 

~ QUARTER OUTER 

E!j WHEELHOUSE 
KC0170.10 .g.RP 

Figure 21 - Typical Deadener and Seal~r Application, 
Wheelhouse and Floor Pan Extension Areas 
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\\ __ 
0 MEDIU~DIED SEALER 

(!] SECTION 8-B 

KC0180-101-B-RP 

Figure 22 - Typical Anticorrosion Treatment Around 
Perimeter of Hood Outer-to-Inner Panel Flanges 

0 WAXCOATING 

KC0190-101-8-RP 

Figure 23 - Typical Fender Anticorroslon Compound 
Application 

• Putty knife. 

FLEXIBLE EXTERIOR PLASTIC PARTS REPAIR 
(EXCEPT E/P AND TPO) 
Figures 24 through 37 

Soft plastic parts used for exterior or cosmetic 
application are compounded of resins that have flexible 
characteristics to absorb minor impact without 
sustaining damage. Typical examples include bumpers 
and front end fascia or side panels such as fenders. 
These parts are generally fabricated of thermosetting 
plastics which, when cured, cannot be melted with the 
application of heat such as through hot air welding. 
However, if the impact force is great enough to create 
damage, thermoset plastics can be successfully repaired 
with structural adhesives. 

Briefly, the repair system amounts to a filling 
and, where necessary, a reinforcing operation. After 
curing, the patch is dressed to conform to the 
surrounding contour. 

Following are typical damage conditions and 
respective repair procedures: 

Gouge or Puncture Repair 
1. Clean the repair area with a wax; grease ·and 

silicone-removing solvent applied - with a 
water--dampened cloth. Wipe dry. 

2. With a random orbit sander fitted with a number 
180 grit -disc, remove the paint film in and 
surrounding the area to be filled. The repair 
material should not overlap the painted surface 
(Figure 24). 

093701-1-BO 

Figure 24 - Removing Paint Surrounding Damage 

3. Use a clean 2 inch or 3 inch number 50 grit disc 
to enlarge the gouge or puncture in order to 
ensure "removal of grease, oil or dirt from the area 
to be contacted by the repair material. This action 
should also create at least a 25 mm (1 inch) taper 
around the damage for extended contact between 
the repair material and substrate. Remove all 
dust and loose particles from the repair area 
(Figure 25). 

An aluminum autobody repair tape (3M 
part number 06935 or equivalent) can be 
used on the backside of a puncture to 
support the repair material (Figure 26). 

683702-1-BQ 

Figure 25 - Tapering Substrate Surrounding Damage 

4. On a clean, flat surface of nonporous material 
such as metal, glass or plastic, deposit equal 
length beads of each component of 
two-component structural adhesive (3M part 
number 05900 or equivalent). With a paddling 
motion, mix the two components until a unifom 
color and consistency is achieved (Figure 27). 

5. Apply the mixed repair material with a squeegee 
or plastic spreader. Apply a light coat over the 



GICOU-1-8G 

Figure 26 - Tape Support for Repair Material 

G940ll5-1-8G 

Figure 27 - Measuring Two-Component Repair Material 

entire area. Continue applying to a level slightly 
above the surrounding contour. Allow the 
mixture to cure 20 to 30 minutes at 16°C to 2TC 
(60"F to 80°F). If low areas or pits remain, mix 
and spread additional adhesive (3M part number 
05903 or equivalent). (Figure 28). 

6. Establish the rough contour with a curved tooth 
body file. Follow by block sanding using number 
220 sandpaper to establish accurate level and 
contour with the surrounding surface (Figures 29 
and 30). For final feathering, use a random orbit 
sander with a number 320 disc. 

Structural Type Repair 

. When a piece of attaching surface of a part is 
cracked or broken away (Figure 31), structural 
strength may be restored as follows: 

1. Align and secure the piece on the face side with 
body tape and clamp (Figure 32). 

2. Clean the underside of the repair area with a wax, 
grease and silicone removing solvent applied with 
a water-dampened cloth. Wipe dry. Sand each 
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81140118-1 -B 

Figure 28 - Applying Mixed Repair Material 

93703-1-80 

Rgure 29 - Establishing Rough Contour with Body File 

3704-1-90 

Figure 30-Block Sanding for Accurate Contour 

side of the break with a number 50 grit disc 
(Figure 33). 

3. Cut a piece of fiberglass cloth large enough to 
overlap the break by at least 38 mm (1-1/2 
inches) (Figure 34). 

4. On a clean, flat surface of nonporous material 
such as metal, glass or plastic, deposit equal 
length beads of each component of 
two-component structural adhesive (3M part 
number 05900 or equivalent). With a paddling 
motion, mix the two components until a uniform 
color and consistency is achieved (Figure 27). 
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0 

0 

G93706-1-BG 

Figure 31 - Damaged Attaching Surface 

694060-1-BG 

Figure 32 - Aligning Damage with Tape and Clamp 

Apply a layer of the mixture approximately 3 mm 
(1/8 inch) thick on the backside of the part 
overlapping the break at least 38 mm (1-1/2 
inches) (Figure 35). 

0I40111-1-BO 

Figure 33 - Discing Backside of Damage 

5. Apply the precut fiberglass cloth to the adhesive 
and immediately cover the cloth with additional 

GIM082-1-BG 

Figure 34 - Cutting Fibe.rglass Cloth to Size 

8940113-1-BG 

Figure 35 - Applying Repair Material - Backside of 
Damage 

adhesive in sufficient quantity to fill the weave 
(Figures 36 and 37). 

6. Allow 20 to 30 minutes cure time at l6°C to 2TC 
· (60"F to 80°F). Trim excess repair material at the 

edge if necessary. 
7. Repair the face side of the area following the 

procedure in "Gouge or Puncture Repair.• 

Paint Repair 
The original factory applied paint finish on 

flexible exterior plastic parts is in most cases baked 
elastomeric enamel. For repair, either a lacquer or 
enamel system may be used; but both primer, when 
required, and color coats must have elastomeric or 
flexible properties. 

There is a wide choice of flexible paint systems 
available for service use. Many require additives 
containing isocyanates. Be certain to follow all 
recommendations and warnings listed on the container 
labels for materials selected . . 

CAUTION: If the paint 
selected specifies an 
containing isocyanates. 

system 
additive 
it is 
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Figure 36 • Applying Fiberglass Cloth to Repair 
Material 

GIM085-1-8G 

Figure 37 • Filling Fiberglass Cloth 

mandatory that adequate respiratory 
protection be worn. An example of 
such prote·ction is an air line respirator 
with a full hood or half mask. If not 
available, use a vapor/particulate 
respirator that the respirator supplier 
recommends as effective for 
isocyanate vapors . and mists (unless 
local regulations prevail). 
Color coat the entire component. Spot repair is 

not recommended. 
1. Clean the entire part with a wax, grease and 

silico.ne-removing solvent applied with a 
water-dampened cloth. Wipe dry. (For color coat 
only operations, omit steps 2 and 3.) 

2. Featheredge the repair with number 320 
sandpaper, blow off dust and tack. 

3. Mix and apply four medium coats of flexible 
primer surfacer. Follow manufacturer's 
directions and cautions. Allow each coat to flash. 

• Two parts APS primer-surfacer or 
equivalent. 
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· • One part flexible additive . 
(Rinshed-Mason Flex Agent 891 or 
equivalent). 

• Three parts paint thinner (PNT 62 or 
equivalent). 

Allow to dry at least one hour and block sand 
with number 400 sandpaper. 

4. Thoroughly sand the entire part with number 
400 sandpaper to remove all gloss. Clean entire 
part with solvent applied with a water-dampened 
cloth. 

5. Mix the color, flexible additive and solvent as 
follows: 

• One part body paint. 
• One part flexible additive 

(Rinshed-Mason Flex Agent 891 or 
equivalent). 

• One-half part paint thinner (PNT 88, 
90, or equivalent). 

6. Apply a sufficient number of coats to achieve 
complete hiding and color match. The topcoat 
mixture. will dry to the touch in about one hour. 

ETHYLENE/PROPYLENE (E/P) AND THERMO 
PLASTIC OLEFIN (TPO) REPAIR 

1. Clean the repair area with wax, grease and 
silicone removing solvent. Wipe dry. 

2. Use a 2 inch or 3 inch number 50 grit disc to 
enlarge the damaged area. 

3. With a random orbit sander fitted with a number 
180 grit disc, sand the damaged area and remove 
the paint film from the surrounding area to be 
filled. 

4. Prime the entire area with an adhesion promoter 
(3M part number 05907 or equivalent) before 
filling with a flexible parts repair material (3M 
part number 05900 or equivalent). 

S. Shape repair material with a curved body tooth 
file. Then block sand with number 220 grit disc 
and final featheredge with number 320 grit disc. 

6. If low areas or pits remain, reapply polytac 
adhesion promoter. Mix and spread additional 
repair material. 

Painting Flexible Parts • E/P and TPO 
When painting flexible plastic . ext~rior parts 

identified as E/P and TPO, a polypropylene prim.er 
must be used. Follow manufacturer's label 
instructions. 

METAL REPLACEMENT PARTS FINISHING 
Metal service replacement parts or assemblies are 

painted with a high-bake factory prim.er. For proper 
adhesion of color coats in service, the following 
refinishing steps are necessary. 

l. Clean part with a wax and grease-removing 
solvent. 

2. Scuff-sand panel lightly with wet or dry number 
400 sandpaper and water. Avoid cut-throughs. 
Reclean part. Apply sealer to entire part. 
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3. If factory primer coat was · cut through, : apply 
metal conditioner to the exposed bare metal. 
Follow label directions. 

4: Apply J>nII!-er-surfacer to the entire part. Allow 
to · dry ·thoroughly before sanding. Follow ·label 
directions for drying time. · 

5. Sand primer-surfacer using wet or dry number 
400 sandpaper and water. Do not sand sealer. 

6. Reclean part. 
7. Apply color coats to parts. 
8. Follow label directions for drying time before 

compounding. · 
9. Compound part by hand or with power 

equipment. 
10. Non.ciealing polish may be applied after rubout if 

desired. Waxes, however, should not be applied 
until the paint finish has aged at least two 
months. 
Prior to replacing exterior body parts or 

assemblies, check the condition of paint on all covered 
or hidden interior surfaces. If rust scale is found in 
these areas, proceed as follows: 

1. Remove rust with wire brush, abrasive or liquid 
rust removing agent. Follow label directions. 

2. If necessary, wash with detergent, rinse and dry. 
3. Apply a heavy coating of anticorrosion 

compound to all cleaned hidden surfaces before 
installing exterior body parts. Apply 
anticorrosion compound to all inner surfaces of 
exterior body parts being installed. 

INTERIOR PLASTIC TRIM PARTS FINISHING 
Paintable plastic interior trim components can be 

divided into three general types: 
• Polypropylene Plastic 
• Acrylonnitrile-Butadiene-Styrene (ABS) Plastic 
• Vinyl Plastic 

It is important for a painter to be able to identify 
each plastic in order to paint it satisfactorily. Painting 
of complete soft seat cushion and seatback trim cover 
assemblies of vinyl construction is not approved by the 
factory. Excluding the soft seat cushion and seatback 
trim cover assemblies, the plastic used most widely on 
the interior of bodies is polypropylene. 

' 
Painting Polypropylene Plastic Parts 

The system for painting polypropylene parts 
involves the use of a special primer. Since 
polypropylene plastic is hard, it can be color coated 
after prime with conventional interior acrylic lacquer. 

. NOTICE: The service part must be primed with 
a · coating of special polypropylene primer (part 

· number 1052364) according to factory 
recommendations. The primer acts as a bonding 
agent between the plastic and acrylic lacquer. 
Failure to use the required primer as directed will 
result in color coat lifting and/ or peeling 
problems. 

1. Wash the part with a cleaning solvent that will 
not leave any greasy film. Follow label directions. 

2. Apply a thin, wet coat of polypropylene primer 
according to label directions. Wetn~ of primer 
is determined by observing the gloss reflection of 
the spray application in adequate lighting. ·Be 
sure the primer application includes all edges. 
Allow the primer to flash dry one minute 
minimum and ten minutes maximum. 

3. During the above flash time period (1 to 10 
minutes), apply conventional, interior acrylic 
lacquer color as required and allow to dry before 
installing part. Application of color during above 
flash time range promotes best adhesion of color 
coats. 

Painting Rigid or Hard ABS Plastic Parts 
Rigid or hard ABS plastic requires no primer. 

Conventional interior acrylic lacquers adhere 
satisfactorily to hard ABS plastics. 

1. Wash part with a cleaning solvent to remove any 
dirt or grease. 

2. Apply conventional interior acrylic lacquer colo: 
according to trim combination. See paint supplier 
color chart for trim and color code. Apply only 
enough color for proper hiding to avoid wa.,hout 
of the grain effect. 

3. Allow to dry following label directions and then 
install part. 

Painting Vinyl and Flexible (Soft} ABS Plastic 
Parts 

The outer cover material of flexible instrument 
panel cover assemblies and many padded door trim 
assemblies are made of ABS plastic blended with PVC 
or vinyl. The soft cushion padding under ABS covers _ 
is urethane foam plastic. _ 

The most widely used flexible vinyls (polyvinyl 
chloride) are coated fabrics as used in seat trim, some 
door trim assemblies, head.linings and sunshades. Most 
head restraints are covered with flexible vinyls. 
Examples of hard vinyls are door and front seatback 
assist handles, coat hooks and exterior molding inserts. 

The paint system for vinyl and flexible ABS 
plastic involves the use of interior vinyl color and a 
clear vinyl top coat. No primer or primer-sealer is 
required. · 

1. Wash part with a vinyl cleaning and preparation 
solvent, to remove greasy film or silicone. Wipe 
off the cleaner while still wet with a clean, 
lint-free cloth. · 

2. As soon as the surface has been wiped dry. ·apply 
interior vinyl color in wet coats. Allow flash time 
between coats. Follow label directions. Use 
proper vinyl color as shown by interior trim code 
combination. Apply only enough color for: proper 
hiding to avoid washout of the grain effect. 

3. Before color flashes completely, apply two coats 
of clear vinyl top coat. Do not allow the first coat 
to dry before spraying on the second. Use top coat 
with appropriate gloss level to match adjacen#
similar components. The clear coat is necessar~ 
to control the gloss requirement and to prevent · 
crocking (rubbing-oft) of the color coat after 
drying. 



4. Allow to dry according to label directions before 
installing part. 

Availability of Colors for Painting Interior 
Plastic Parts 

Interior colon are color keyed to trim code 
combination numbers located on the body number 
plate or service parts identification label. 

Conventional interior acrylic lacquer colon are 
designed for use only on hard trim parts, such as: 

- Steel parts (primer and/ or sealer required on new 
service parts). 

- Hard ABS plastic (no primer necessary). 
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- Hard polypropylene plastic (special primer 
required). 
Each major paint supplier provides an interior 

color chart which identifies the stock number, color 
name, gloss factor and trim code combination number 
for each conventional interior color. 

Vinyl interior colors are designed for soft trim 
parts such as instrument panel cover assemblies, door 
trim assemblies and head restraints. These colors 
require a final top coat of clear vinyl. Instrument panel 
covers require a nonglare final top coat. Other trim 
parts require a degree of gloss to match similar 
adjacent parts. Use interior vinyl colors and clear vinyl 
finishes. 
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SECTION 10-2 

-STATIONARY GLASS 
The following •Notice" applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: "NOTICE: See •Notice• on page 10-2-1 
of this section." 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. · 
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WINDSHIELD VINYL REVEAL 
MOLDING 

VINYL REVEAL MOLDING REPLACEMENT 

Figures 1 and 2 

The reveal molding (1) is a vinyl trim that fills the 
cavity between the body and glass edge. The reveal 
molding is hand pressed into place and is retained by 
urethane adhesive. 

E3 Remove or Disconnect 

• Carefully pry the end of the reveal molding ( 1) 
out about 75 mm (3 inches), using a screwdriver. 

• Grasp with pliers and slowly pull the reveal 
molding (1) away from the body. 

IL!] inspect 

• Reveal molding (1). 

• If the original reveal molding (1) cannot be 
reused (due to dainage, cut short, etc.), 
discard it and replace it with a new service 
molding. The service molding has a shorter 
shank and will not bottom-out when 
installed. Be sure to prefit the service 
molding by locating it on the body prior to 
actual installation. 

E3 Install or Connect 

• To reuse the original reveal molding (1), trim off 
the last barb and prefit it in the cavity (Figure 1 ). 

Rearview Mirror Support ............................ 10-2-5 
Automatic Tilt Mirror ................................. 10-2-6 

Rear Window Defogger ................................... 10-2-7 
Testing Grid Lines ....................................... 10-2-7 
Grid Line Repair ......................................... 10-2-8 
Braided Lead Wire Repair .......................... 10-2-9 

Specifications .................................................. 10-2-10 
Special Tools ................................................. .- 10-2-10 

1. Clear primer from urethane kit (part number 
9636067 or equivalent) to the lower surface of the 
reveal molding (1). 

0 ORIGINAL MOLDING 

0 MOLDING WITH LAST BARB REMOVED 

KC0010.102-F-RP 

Figure 1 - Removing Reveal Molding Barb 

2. Urethane in the cavity between the body and the 
windshield. 

3. Reveal molding (1). 
• Start from the center and hand press the 

reveal molding {l) into place. 
• Tape can be applied to keep reveal molding 

(1) flush with the body. 
• Flood the reveal molding with warm water 

to speed the setup of the adhesive. 

STATIONARY GLASS 
The windshield is installed from outside the body 

using self-curing urethane. To replace a window 
installed with urethane adhesive requires either partial 
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0 ORIGINAL MOLDING 

0 SERVICE MOLDING 

[£] URETHANE 

(2] REVEAL MOLDING 

SECTION B-B 

KC0020-102-F-RP 

Figure 2 - Typical Windshield Reveal Moldfng 
Installation 

or complete replacement of the adhesive. Partial 
replacement of material is known as the short method. 
Complete replacement of the material is known as the 
extended method. 

CAUTION: When replacing the 
windshield, urethane adhesive part 
number 9636067 or equivalent must 
be used to maintain original 
installation integrity. Failure to use 
urethane adhesive will result in poor 
retention of the windshield, which 
may allow unrestrained occupants to 
be thrown from the vehicle with 
resulting personal injury. 
Use short method where original adhesive left on 

the window opening pinch-weld flanges after glass 
removal can serve as a base for the new glass. Use this · 
method with cracked or intact windshield removal. 
The amount of adhesive left in the window opening can 
be controlled during glass removal. 

Use the extended method when the original 
adhesive left in the window opening after glass rem.oval 
cannot serve as a base for the new glass. Use this 
method when metal work or paint repair in the opening 
is necessary. In these cases, the original material is 
removed and replaced with new material during 
window installation. 

WINQSHIELD REMOVAL 
. The window removal method is the same for both 

the short and extended installation methods with one 
exception. Use more care with the short method during 
cutout to make certain that an even bead of adhesive 
remains on the window opening to serve as a base for 
the new glass. 

CAUTION: Approved safety glasses 
and gloves should be worn when 
performing this procedure to reduce 
the chance of personal injury. 

These methods are to be used when removing 
urethane installed windshield glass. 

E3· Remove or Disconnect 

Tool Required: 
J 24402-A Glass Sealant Remover Knife 

• Place protective coverings around the area where . 
glass is being removed. 

1. Rearview mirror. 
2. Windshield wiper arm assemblies. Refer to 

WINDSHIELD WIPER-WASHER SYSTEM 
(SEC. SE). 

3. Screw and lower right glass support. 
4. Shroud top vent grille. Refer to BODY FRONT 

END (SEC. 10-4). . 
5. Reveal molding. Refer to .. Vinyl Reveal Molding 

Replacement" in this section. 
• Using a commercial razor knife, make a 

preliminary cut into the urethane adhesive 
around the outside edge of the glass, staying as 
close to the edge of the glass as possible. 

• Mask the area around window opening. to 
protect printed surfaces and to aid in cleanup 
after installation. 
- Tape must not be on glass sealant surface. 

• Cut out windshield using J 24402-A. 
- Keep the blade as close to the edge of the 

glass as possible. 
6. Windshield. 

~ Clean 
• Glass opening of any loose material. H the glass 

is to be reinstalled, all urethane must be removed 
from the glass. Use an alcohol-dampened cloth. 

GLASS INSTALLATION 

Short Method 
Figures 3 and 4 

EJ Install or Connect 

1. Lower right glass support. 
2. Shroud top vent grille. Refer to BODY FRONT 

END (SEC. 10-4). 
3. Windshield (3) in the opening. 
4. A piece of masking tape over each edge of the 

windshield (3) and adjacent body pillars. 
• Slit tape vertically at the edge of the glass. 

During installation, the tape on the 
windshield can be aligned with the tape on 
the body to guide the windshield into the 
desired position. 

• Remove windshield (3). 

~ Clean 
• Surface of windshield (3) to which adhesiv,. · 

will be applied (around edge of insid 
surface) by wiping with a clean, alcoho)- 
dampened cloth. 

• Allow to air dry. 



5. Primer around the entire perimeter of the glass 
edge and 6 mm (1/4 inch) inboard on the inner 
surface. Allow the primer to dry five minutes. 
• . Two primers are provided in urethane 

adhesive kit, part number 9636067 or 
.equivalent. 

6. Adhesive. 

The clear primer is used on the glass 
prior to the black primer. 

• With a household cartridge-type caulking 
gun and nozzle, apply a smooth continuous 
bead . of urethane adhesive caulking 
material, 3 to 5 mm (1/8 to 3/16-inch) wide, 
around the edge of the glass where primed 
in the previous step. 

• The caulk tip cut for the short method 
should be used (Figure 3). 

0 CAULK TIP CUT FOR SHORT METHOD 

· (I] CAULK TIPCUT FOR EXTENDED METHOD 

@] CAULKING MATERIAL 

KC 0-102-B-RP 

Figure 3 - Applying Urethane Adhesive Material 

7. Windshield (3) into the window opening, with the 
aid of a helper. 
• The windshield (3) can be positioned 

without the aid of carrying devices. Carry 
the windshield (3) with one hand on the 
inside of the glass and one hand on the 
outside (Figure 4). Guide the windshield (3) 
along the rear edge of the front fender (2) to 
avoid smearing fresh adhesive on the 
instrument panel. At the window opening, 
put the windshield (3) in a horizontal 
position. While one person holds the 
windshield (3) in this position, the second 
person· can reach one arm around the body 
pillar and support it while the other person 
assumes the same position. 

8. Windshield (3) on the lower supports. 
• Center in the opening. 
• Use tape guides previously applied to place 

the windshield (3) in the proper position. 
• The windshield (3) must be located properly 

within the window opening so that enough 
space is left between the windshield (3) and 
body opening to install the one-piece vinyl 
reveal molding. 

0 FRONT FENDER 

(!] WINDSHIELD 
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Figure 4 - Installing Windshield 

• Press the glass firmly to wet-out and set adhesive. 
Use care to avoid excessive squeezeout that would 
cause an appearance problem. 

• Using small disposable brush or flat, soft 
fiberglass tool, paddle material around the edge 
of the glass to ensure a watertight seal. 

• If necessary, paddle additional material to 
fill the voids m the seal. 

• Watertest vehicle at once using soft spray. 

• Use warm or hot water if available. 

• Do not direct hard stream of water at fresh 
adhesive material. 

• Water applied on top of urethane adhesive, 
either during watertest or as a separate 
operation, will speed up the cure of the 
urethane. 

IL•I Inspect 
• For leaks. Paddle in extra adhesive at leak 

point, using a small disposable brush or flat, 
soft fiberglass tool. 

9. Windshield reveal molding. 

10. Windshield wipers and blades. Refer to 
WINDSHIELD WIPER-WASHER SYSTEM 
(SEC. 8E). 

NOTICE: See "Notice" on page 10-2-1 of this 
section. 

11. Rearview mirror to mirror support. 

l~I Tighten 
• Mirror attaching screw to 2 N ·m (18 lb. 

in.) . . 

• On windshield installations, the vehicle must 
remain at normal room temperature for six hours 
to complete the proper cure of adhesive. 
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Extended Method 
Figures 3 through 5 

Use the extended installation method if prior 
service installation was made with butyl tape or if 
urethane material remaining in the window opening 
after window removal is damaged or must be removed 
to permit refinishing of window opening. · 

Spacers (4) are used to maintain the dimensions 
of the windshield (3) stand off from the pinch-weld 
flange. The spacers (4) are specific to certain styles and 
can be found in the service parts manual. Spacers (4) 
should be reused or replaced before installing the 
windshield (3). · 

0 SPACER EVEN WITH TOP OF INSTRUMENT PANEL 

0 WINDSHIELD 

0 SPACER 

KC0040.102-l'-IIP 

Figure 5 - Glass Spacer Location 

~ Clean 

• Window opening. 
• Using a sharp scraper or chisel, remove the 

old adhesive material from window 
opening. 

• On butyl tape installations or installations 
of unknown material, it will be necessary to 
remove all traces of the material. 

• On urethane installations, all traces of 
material need not be removed; but there 
should not be any mounds or loose pieces 
left. 

• If refinishing or painting operations are required, 
or painted surface is exposed during removal of 
material, apply black primer to the exposed area. 

l++I Install or Connect 
CAUTION: Approved safety glasses 
and gloves should be worn when 
performing this procedure to reduce 
the chance of personal injury. 

1. Lower right glass support in its original positions. 
2. Shroud top vent grille. Refer to BODY FRONT 

END (SEC. 10-4). 
3. Windshield (3) in the opening for fit. 

• Carrying devices are not needed. 

• Guide the windshield (3) along the rear edge 
of the front fender (2). 

• Place window in vertical position and 
support it on lower glass supports. While 
one person holds the glass in position, the 
second person can reach one arm around 
the body pillar and support the glass while 
the other person assumes the same position. 

• With glass positioned in opening, check 
relationship of glass to pinch-weld flange 
around entire perimeter. The opening 
between glass and pinch-weld flange should 
be equal for installation of the vinyl reveal 
molding. The opening at the top of the 
windshield may be corrected by 
repositioning the lower glass supports. 

4. A piece of ttJ.asking tape over each edge of the 
windshield (3} and adjacent body pillars. 
• Slit tape vertically at the edge of the glass. 
• During installation, the tape on the 

windshield (3) can be aligned with the . tape 
on the body to guide the windshield (3) into 
the desired position. . · 

• Remove the windshield (3) from the 
opening.• 

• For the extended method, the caulk tip 
should be cut (Figure 3). 

~ Clean 

• Surface of glass to which bead of adhesive 
material will be applie4 (around edge of 
inside surface) by wiping with a clean, 
alcohol dampened cloth. 

• Allow to air dry. 
5. Primer around the entire perimeter of the glass 

edge and 6 mm · (1/4 inch) inboard on inner 
surface. Allow the primer to dry for five minutes. 
• Two primers are provided in urethane 

adhesive kit part number 9636067 or 
equivalent. 

• Clear primer is used on the glass prior to the 
black primer. 

6. Black primer to portion of the glass opening that 
required refinishing and painting operations, or 
any portion that was cleaned of former adhesive 
enough to expose the painted surface. Black 
primer is the bonding _agent between the ~ethane 
adhesive and the vehicle body. Allow pruner to 
dry for five minutes. 

7. Adhesive. 
• The caulk tip cut for the extended method 

should be used. (Figure 3). 
• With a household cartridge:..type caulking 

gun and nozzle, carefully apply a smooth 
continuous bead of adhesive 10 mm 
(3/8-inch) high by 5 mm (3/16-inch) wide 
at base completely around the edge of the 
glass where primed in previous step. Malet 
sure the bead of adhesive is tipped slightly 
inboard. 

8. Windshield (3) into the window opening with the 
aid of a helper. 



• The windshield (3) can be positioned 
without the aid of carrying devices. Carry 
the windshield (3) with -one hand on the 
outside (Figure 4). Guide the windshield (3) 
along the r~ edge of the front fender (2) to 
avoid smearing fresh adhesive on -the 
instrument panel. At the window opening, 
put the windshield (3) in the horizontal 
position, the second person can reach one 
arm around the body pillar and support it 
while the other person assumes the same 
position. 

9. Windshield (3) on the lower supports. 
• Center in the opening. 
• Use tape guides previously applied to place 

the windshield (3) in the proper position. 
• Pres.s the glass firmly to wet-out and set adhesive. 

• Use care to avoid excessive squeezeout 
which would cause an appearance problem. 

• Using a small disposable brush or flat, soft 
fiberglass tool, paddle material around the edge 
of the glass to ensure watertight seal. 
• If necessary, paddle additional material to 

fill the voids in the seal. 
• Watertest vehicle at once using soft spray. 

• Use warm or hot water if available. 
• Do not direct hard stream of water at fresh 

adhesive material. 
• Water applied on top of urethane adhesive, 

either during watertest or as a separate 
operation, will speed up the cure of the 
urethane. 

IL•l lnspact 
• For leaks. Paddle in extra adhesive at leak 

points using a small disposable brush or flat, 
soft fiberglass tool. 

10. Windshield reveal molding. 
11. Windshield wipers and blades. Refer to 

WINDSHIELD WIPER-WASHER SYSTEM 
(SEC. SE). 

NOTICE: See "Notice" on page 10-2-1 of this 
section. 

12. Rearview mirror to mirror support. 

l~I Tighten 
• Mirror attaching screw to 2 N·m (18 lb. 

in.). 
• On windshield installations, the vehicle must 

remain at normal room temperature for six hours 
to complete the proper cure of the adhesive. 

WATERLEAK CORRECTION 
Figure 6 

Where accessible, waterleaks can be corrected 
without removing and reinstalling glass. This method 
applies only to urethane installed glass and the use of 
adhesive furnished in kit, part number 9636067 or 
equivalent. 
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1. · Remove reveal molding in the area of leak. 
• In some cases, it may become necessary to 

remove interior moldings to locate the 
source of the leak. 

2. Mark location of the leak(s). 
• This operation should be performed while 

water is being applied to the leak area. · 
• Carefully push outward on the glass in the 

area of the leak to determine the extent of 
the leak. 

• Mark the extent of the leak area. 
3. Using a sharp knife, trim off uneven edge of 

adhesive material at leak point and 75 to 100 mm 
(3 to 4 inches) on both sides of leak point or 
beyond limits of leak area. 

4. Clean dirt or foreign material from leak area with 
water (outside body). Dry area with air hose. 

5. Prime affected area with black primer supplied in 
kit 
• Agitate primer prior to use. 
• Allow primer to dry five minutes. 

6. Apply adhesive material at leak point and 75 to 
100 mm (3 to 4 inches) on both sides of leak point 
beyond the limits of the leak area. 

7. Right after performing the previous step use a flat 
stick or other suitable flat, soft fiberglass tool to 
work the adhesive material well into the leak 
point and into the joint of original material and 
body to obtain a watertight seal along the entire 
length of the material application. 

8. Using warm or hot water, spray test to assure that 
leak has been corrected. 
• Do not run heavy stream of water directly 

on freshly applied adhesive. 
9. If leak still exists, use a flat soft fiberglass tool and 

paddle additional adhesive material into leak 
point. 

10. Replace all previously removed parts. 

REARVIEW MIRROR 
REARVIEW MIRROR SUPPORT 
Figurs 1 

The rearview mirror is attached to a mirror 
support (5) that is secured to the windshield glass. This 
mirror support (5) is installed by the glass supplier 
using a plastic-polyvinyl butyral adhesive. 

Service replacement windshield glass has the 
mirror support (5) bonded to the~ assembly. To 
install a detached mirror support or install a new part, 
the following items are needed. 
- _ Part number 1052369, Loctite Minute-Bond 

Adhesive 312 two component pack or equivalent 
- Mirror support (5). 
- Wax marking pencil or crayon. 
- Rubbing alcohol. 
- Clean paper towels. 
- Fine grit emery cloth or sandpaper number 320 

or number 360. 
- Clean toothpick. 
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0 ORIGINAL CAULKING MATERIAL 

(!] TRIMLINE 
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@] NEW CAULKING MATERIAL 

[!] GLASS 

0 BODY PANEL · 
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Figure 6 • Windhsield Adhesive Waterleak Correction 

l@I Measure 

• Windshield (3) on outside to determine rearview 
mirror support (5) :position. 

• Mirror support (5) should be located at the 
center of the windshield (3), 689 mm 
(27-1/8 inches) from the base of the 
windshield (3) to the base of the mirror 
support (5). 

• Mark the support location with a small 
circle on the outside of the windshield (3) 
with wax pencil or crayon. 

-• Make a larger diameter circle around the 
mirror support circle on the outside 
windshield surface (Figure 7). 

~ Clean 

• The area of the large circle on the inside 
windshield surface with paper towels and glass 
cleaning solution or glass polishing compound. 
• Rub until the area is completely clean and 

dry. 

• When dry, clean the area with an 
alcohol-saturated paper towel to remove 
any traces of cleaning solution or polishing 
compound. from this area. 

• Sand bonding surface· of new rearview mirror 
support (5) or factory installed mirror support 
with a piece of fine grit emery cloth or sandpaper, 
number 320 or number 360. 

• If the original rea.rview mirror support (5) is to be 
reused, all traces of factory installed adhesive 
must be removed prior to installation. 

• Wipe sanded mirror support with clean paper 
towel saturated with alcohol and allow to dry. 

E3 Install or Connect 

1. Rearview mirror support (5) to windshield (3). 
• Follow directions on adhesive 

manufacturer's kit to prepare rearview 
mirror support (5) prior to installation on 
windshield (3). 

• Lightly apply adhesive accelerator to the 
bonding surfaces of the mirror support (5) 
and windshield (3). 

• Allow to dry completely. 
• Apply two drops of adhesive to the mirror 

support (5). 
• Use toothpick to evenly distribute the 

adhesive over the entire bonding surface of 
the mirror support (5). 

• -Properly position the mirror support (5) to 
its premarked location, with rounded end 
pointed upward. · 

• Press the mirror support (S) against the 
windshield (3) for 30 to 60 seconds, exerting 
steady pressure against the windshield (3). 

• After five minutes, remove excess adhesive 
with an alcohol-moistened paper towel or 
glass cleaning solution. 

NOTICE: See "Notice" on page 10-2"'.1 of this 
section. 

2. Mirror by sliding onto mirror support (5). 

,~, Tighten 

• Attaching screw to 2 N·m (18 lb. in.). 

AUTOMATIC TILT MIRROR 
Figure 8 

The automatic rearview tilt mirror is mounted to 
the windshield in the Sl:)me location as the standard 
mirror. It is powered from the vehicle electrical system 
and requires no maintenance or batteries. 

The automatic mirror adjusts for glare by using 
light sensors. The mirror is designed to keep annoyin! 
glare from reflecting into the driver's eyes when a--
vehicle with bright lights is in the rear. Once in the 
• AUTO" position, it does · not have to be turned 
"OFF". 
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Figure 7 - Rearview Mirror Placement 

E3 Remove or Disconnect 

1. Mirror assembly connector from the body wiring 
connector. 

2. Mirror ~bly (7) from mirror support (5). 
• Loosen attaching screw (6). 
• Slide mirror assembly (7) from the mirror 

support (5). 

E3 Install or Connect 

1. Mirror assembly connector to body wiring 
connector; 

. . 
NOTICE: See •Notice• on page 10-2-1 of this 
section. 

2. Mirror assembly (7) to mirror support (5). 
• Make sure attaching screw ( 6) is loose on 

the mirror assembly. 
• Slide mirror assembly (7) onto the mirror 

support (5). 
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0 MIRROR ASSEMBLY CONNECTOR 

[!] WIRING HARNESS CONNECTOR 

0 WINDSHIELD 

0 MIRROR SUPPORT 

0 ATTACHING SCREW 

0 MIRROR ASSEMBLY 
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Figure 8 - Automatic TIit Mirror 

l~I Tighten 
• Attaching screw (6) to 2 N ·m (18 lb. in.). 

REAR WINDOW DEFOGGER 
The optional rear window defogger system 

consists of a tinted glass that has a number of 
horizontal ceramic silver compound element lines and 
two vertical bus bars baked into the inside surface 
during the glass forming operation. The feed wire or 
terminal is soldered to the feed bus bar on the left side. 
The ground wire or terminal is soldered to the ground 
bus bar on the right side. 

The system operates on 12 volts. Under some 
conditions. heat from the glass may not be detected by 
finger touch. The length of time required to remove 
interior fog from the back glass will vary with such 
conditions as vehicle speed, outside glass temperature, 
atmospheric pressure and number of passengers. 

This system uses an instrument panel mounted 
switch with an integral indicator lamp and will operate 
for five to ten minutes, automatically turning off 
through the use of a timer. The system can be turned 
off during this operating period by turning either the 
instrument panel mounted switch or engine control 
switch to ·oFF." 

TESTING GRID LINES 
Figures 9 and 10 

To locate inoperative grid lines, start the engine 
and turn on the rear window defogger system. Qround 
one test lamp lead and lightly touch the other probe to 
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each grid line. Figure 9 illustrates the pattern of test 
lamp brilliance to be expected with a properly 
functioning grid. 

If the test lamp bulb shows full brilliance at both 
ends of grid lines, check for loose ground wire contact 
to body metal. 

------:-' 2: 
/1, ..... ( 0 NO BULB BRIWANCE .. 

[!] ONE-QUARTER BULB BRIWANCE . 

[£] ONE-HALF BULB BRIWANCE \ 

@] THRE~OUARTER BULB BRILLIANCE 

0 FULL BULB BRILLIANCE 

KC0140-102,B-RP 

Figure 9 - Test Lamp Bulb Brilliance Zones -
NormallyOperating Rear Window Defogger 

The range of zones of bulb brillance may vary 
slightly from one glass to another. The bulb brilliance 
will decrease proportionately to the increased 
resistance in the grid line as the probe is moved from 
the feed bus bar (9) to the ground bus bar (8). 

All grid lines must be tested in at least two places 
to eliminate the possibility of bridging a break. For best 
results, contact each grid line a few centimeters 
(inches) either side of the glass centerline. If an 
abnormal light reading is apparent on a specific grid 
line, place test lamp probe on that grid at the feed bus 
bar (9) and move probe toward the ground bus bar (8) 
until the light goes out. This will indicate a break in the 
continuity of the grid line (Figure 10). 

GRID LINE REPAIR • 

Figures 11 and 12 

l++I Remove or Disconnect 

• Rear window defogger system battery feed. 

IL•l 1nspect 
• Rear window defogger grid lines. 

• Mark grid line breaks on the outside of glass with 
a grease pencil. 

~ Clean 

• Grid line area to be repaired. 

• Buff with fine steel wool and wipe clean using a 
cloth dampened with alcohol. 

• Buff and clean about 6 mm (1/4 inch) 
beyoBd each side of the break in the grid 
line. 

G] NO BULB BRILLIANCE 

0 BROKEN GRID LINE 

@] FULL BULB BRILLIANCE 

@] INSIDE OF GLASS 

[!] GROUND BUS BAR 

0 FEED BUS BAR 
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Figure 10 - Test Lamp Bulb Brillance with Broken Grid 
Lines 

l++l lnstall or Connect 
CAUTION: Approved safety glasses 
should be worn when performing this 
procedure to reduce the chance of 
personal injury. 

1. Grid line repair decal (part number 1052858 or 
equivalent) or two strips of tape positioned above 
and below the repair area. 
• Repair decal or tape must be used to control 

the width of the repair area. 
• If a decal is used, be sure the die-cut 

metering slot is the same width as the grid 
line. 

• Remove the clamp (separator) from the container 
of grid repair material. 
• Mix hardener and silver plastic thoroughly. 
• If hardener has crystalized, immerse packet 

in hot water until the hardener liquifies. 
2. Grid repair material at room temperature to the 

repair area using a small wood stick or spatula. 
• Carefully remove the decal or tape. 

NOTICE: The grid line repair material must be 
cured with heat. To avoid heat damage to the 
interior trim, protect the trim near the repair area 
where heat is to be applied. 

• Apply heat to repair area for one to two minutf 
with a heat gun capable of reaching 260°C 
(500°F). 
• Hold heat gun nozzle 25 mm (1 inch) from 

surface. 



• A minimum temperature of 149°C (300°F) 
is required. 

IL'l"f Inspect 
• Grid line repair area. 

• If repair appears discolored, apply a 
coating of tincture of iodine to repair 
area using a pipe cleaner or fine brush. 

• Allow iodine to dry for about 30 
seconds and carefully wipe off excess 
with lint-free cloth. 

E3 Install or Connect 

• Rear window defogger system battery feed. 
• Test. rear defogger operation to verify grid line 

repair. 

NOTICE: At least 24 hours are required for 
complete curing of repair materials. The unit 
should not be physically disturbed until after that 
time, or the repair may not hold. 

0 REPAIR MATERIAL 

[!] TWO STRIPS OFT APE 

@] WOOD SPATULA 

KC0160-102-8-RP 

Figure 11 - Applying Repair Material to Broken Grid 
Line 

I 0 REPAIR AREA 

0 HEATGUN 

· [£] 26 mm (1 "l BETWEEN REPAIR 
AREA AND HEAT GUN NOZZLE 
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Figure 12 - Applying Heat to Grid Line Repair 
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BRAIDED LEAD WIRE REPAIR 
Figures 10 and 13 

CAUTION: Approved safety glasses 
should be worn when performing this 
procedure to reduce the chance of 
personal injury. 

~ Clean 

• Buff repair area with fine steel wool to remove the 
oxide coating formed during glass manufacture. 

E3 Install or Connect 

1. Paste-type rosin flux in small quantities to the 
wire lead and bus bar repair area using a brush. 
• The soldering iron tip should be coa~d with 

solder beforehand. · 

NOTICE: To prevent burning the bus bar, the 
soldering iron tip temperature should be just 
enough to melt the solder and allow it to run 
freely. The iron should be in contact with the bus 
bar as short a time as possible. 

2. Solder to the feed bus bar (9) or ground bus bar 
(8). 
• Draw the soldering iron tip across the 

fluxed area, thinly coating the bus bar with 
solder. 

3. Small amount of flux to the underside of the lead 
wire braid. 

• Line the spots up with fluxed and tinned 
spots on the feed bus bar (9) or ground bus 
bar (8). 

• Coat the tip of the soldering iron with solder. 
4. Solder to the underside of the lead wire braid. 

• Draw the iron across the fluxed spot, thinly 
coating the spot with solder. 

5. Solder spot on the braid against the spot on the 
feed bus bar (9) or ground bus bar (8). 
• Apply heat to the top of the lead wire braid, 

causing the solder spots to melt and fuse 
together. 

• The holding force should not be removed 
until the solder has solidified. 

• Wipe off excess flux with solvent, part number 
9981062 or equivalent. 
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0 SOLDERING IAON-

0 FLUX 
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Figure 13 - Bus Bar Repair 

SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

Mirror Attaching Screw ................ ..................................................................... 2 N·m (18 lb. in.) 

SPECIAL TOOLS 

J24402-A 

~ GLASS SEALANT REMOVER KNIFE 

KC0090-102-F-RP 
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SECTION 10-3 
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GENERAL BODY CONSTRUCTION 

Information in this section pertains to unitized 
body construction which incorporates integral front 
and rear frame side rails. 

The front suspension lower control arms are 
supported by a crossmember. The crossmember is 
bolted to the body at six locations - three on each side 
of the engine front compartment lower rails. Mounting 
provisions for the front suspension system are shared 
by chassis components (suspension lower control arms 
and crossmember) and body components (engine 
compartment side panels). The suspension strut towers 
must be dimensionally correct in relation to the 
remainder of the underbody in order to maintain 
specified suspension strut and caster/camber angles. 

Since the individual underbody components 
contribute directly to the overall strength of the body, 
proper welding techniques must be observed during 
service repair operations. The underbody components 
should be properly sealed and rustproofed whenever 
body repair operations destroy or damage the original 
sealing and rustproofing. When rustproofing critical 
underbody components, use a good quality air dry 
primer such as corrosion-resistant chromate or 
equivalent material. Combination type 
primer-surfacers are not recommended. 

ALIGNMENT CHECKING 
FRAME AND UNDERBODV 

Figures 1 and 2 

Use a tram gage to accurately measure 
underbody alignment. Make sure the tram gage set has 
a vertical pointer that can· reach 914 mm (36 inches). 

Two types of measurements can be made with a 
tram gage: direct point-to-point measurements and 
measurements calculated on a horizontal plane, or 
datum line, parallel to the underbody. To calculate 
measurements on a horizontal plane, the vertical 
pointers must be set as specified for each point to be 
measured. 

Point-to-point measurements are generally taken 
only on engine compartment components and simply 
require the vertical pointers to be equally set. 
Dimensions-to-gage holes are measured to dead center 
of the holes and flush to the adjacent surface metal 
unless otherwise specified. 

Steering Unit Mounting ............................... 10-3-1 
Floor Pan Insulators ........................................ 10-3-1 
Floor Carpets ................................................... 10-3-3 

STEERING UNIT MOUNTING 
Vehicles involved in accidents resulting in frame 

damage, major body or sheet metal damage, or where 
the steering column has been impacted, may also have 
a misaligned steering column. 

For procedure to check capsules on the steering 
column bracket assembly, refer to STEERING 
COLUMN-STANDARD (SEC. 3Fl) or STEERING 
COLUMN-TILT (SEC. 3F2). 

FLOOR PAN INSULATORS 
CAUTION: All materials used for 
insulators must meet Vehicle Safety 
Standard No. 302 for flammability. 
Failure to do so could result in bodily 
injury and/or vehicle damage. 
Floor pan insulators have been designed for the 

higher floor pan temperatures that result from the use 
of the catalytic converter in the exhaust system. When 
servicing a vehicle in the field, any insulators that may 
have been disturbed or removed must be reinstalled in 
the original sequence and location. If replacement of an 
insulator is necessary, the material specified for that 
particular location on the floor pan must be used. 

When servicing or replacing interior insulators, 
the following instructions must be observed: 
- Any insulator service repair or replacement 

should be the same thickness, size and location as 
the original installation in the vehicle. 
Insulators must be installed in the original 
position and sequence. Pieces should be butted 
together in order to avoid gapping or 
overlapping. 

- If it is necessary to replace an insulator, the 
specified material must be used. 

- Use the original part to determine the amount of 
replacement material required and as a template 
for cutting and fitting the new piece to the floor 
pan. 

- When installing an insulator, do not enlarge 
cutouts or holes that are used for the attachment 
of interior components such as seats or safety 
belts. 
Cross body harnesses for interior components 
such as power seats, lap belt warning lamp and 
alarm/buzzer or rear speakers must be routed 
over the floor pan insulators in the original 
location and clipped in place. 
Spray-on deadeners and trim adhesives should 
not be applied to the top of the floor pan at the 
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• Refer to figure 2 for location descriptions. 
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Figure 1 - Underbody Horizontal and Vertical Dimensions 
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REF .HORIZONTAL VERTICAL LOCATION 

A Front edge of 24 mm ( 15/16 inch) Lower surface of engine compartment Engine compartment rail forward of lower 
hole rail tie bar 

B Leading edge of upper tie bar None Engine compartment bar, upper rail 

C Front edge of 16 mm (5/8 inch) Lower surface of engine compartment Engine compartment rail, forward of 
gage hole (front edge center rail at hole (slot on right side! suspension pocket 
of slot on right side) 

D Front edge of outboard strut Lower surfaces of strut tower at slot Shock-strut tower 
mounting slot 

f Leading edge of lower tle bar None Engine compartment bar lower rail 
at corner 

F Center of 9 mm (23/64 inchl hole None Engine companment upper side rail 
in rail depression 

G Center of 9 mm (23/64 inch) hole None Engine compartment upper side rail 
in rail depression 

H Center of 16mm 15/8 inch! gage Lower surface of reinforcement Floor pan reinforcement behind engine 
hole rear of rail at hole compartment rail 

I Front edge of 18 mm (11/16 inch) Lower surface of rail at hole Rear longitudinal rail 
gage hole 

J Center of 16 mm (5/8 inch) hole Lower surface of rail at hole Shock mounting hole rear longitudinal 
rail 

K Front edge of 18 mm (11/16 inch) Lower surface of rail at hole Rear longitudinal rail. forward of 25 mm 
hole 11 inchl hole 

KC0011-103-F-RP 

Figure 2 - Underbody Horizontal and Vertical Locations 

area directly over the catalytic converter or 
muffier(s). 

FLOOR CARPETS 
All floor carpets consist of a molded one-piece 

carpet over both front and rear floor pan. 

l++I Remove or Disconnect 

1. Front seats. Refer to SEA TS (SEC. 10-9). 
2. Front safety belts. Refer to SAFETY BEL TS 

(SEC. 10-10). 
3. Rear seat cushion and back. Refer to SEA TS 

(SEC. 10-9). 
4. Left and right shroud side trim finishing panels. 

Refer to BODY FRONT END (SEC. 10-4). 
5. Outboard shoulder belt floor attachments. Refer 

to SAFETY BELTS (SEC. 10-10). 
6. Sill plate. Refer to REAR QUARTERS (SEC. 

10-6). 
7. Quarter lower trim finishing panel. Refer to 

REAR QUARTERS (SEC. 10-6). 

8. Console assembly (if applicable). Refer to 
INSTRUMENT PANEL, CLUSTER AND 
CONSOLE (SEC. SC). 

9. Carpet. 

l++j Install or Connect 

1. Carpet. 
2. Console assembly. Refer to INSTRUMENT 

PANEL, CLUSTER AND CONSOLE (SEC. 
SC). 

3. Quarter lower trim finishing panel. Refer to 
REAR QUARTERS (SEC. 10-6). 

4. Sill plate. Refer to REAR QUARTERS (SEC. 
10-6). 

5. Outboard shoulder belt floor attachments. Refer 
to SAFETY BELTS (SEC. 10-10). 

6. Left and right shroud side trim finishing panels. 
Refer to BODY FRONT END (SEC. 10-4). 

7. Rear seat back and cushion. Refer to SEA TS 
(SEC. 10-9). 

8. Front safety belts. Refer to SAFETY BEL TS 
(SEC. 10-10). 

9. Front seats. Refer to SEATS (SEC. 10-9). 
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SECTION 10-4 

BODY FRONT END 
The following "Notice" applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: 'NOTICE: See ,.,Notice" on page 1041 
of this section." · 

NOTICE: When fasteners are removed, always reinstall them at the· same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners that 
are not reused, and those requiring thread locking coiµpound will be called out. The correct torque value must be 
used when installing fasteners that require it. If the above conditions are not followed, parts or system damage could 
result. 

CONTENTS 
Front End Sealing .. ..... .. ..... .............. ........... ..... 10-4-1 
Shroud Vent Grille .......................................... 10-4-1 
Plenum Chamber Water Deflectors ................ 10-4-1 

FRONT END SEALING 
All potential waterleak locations are sealed in 

production with high quality durable sealers. To reseal 
specific areas, a high quality medium-bodied sealer 
that will remain flexible after curing and can be painted 
should be used. 

NOTICE: The anti-theft label found on some 
major sheet metal, engines, and transmissions 
must be masked prior to painting, rustproofing, 
undercoating, etc. The mask must be removed 
foUowing the above operations. Failure to keep the 
label clean and readable may result in liability for 
violation of Federal Vehicle Theft Prevention 
Standard, and subject the vehicle owner to possible 
suspicion that the part was stolen. 

SHROUD VENT GRILLE 
Figure 1 

The body ventilation system on styles without air 
conditioning consists of a fresh air intake located at the 
front plenum chamber. Air enters the front plenum 
chamber through a shroud top vent grille (1). Air 
passes through the plenum chamber to an air outlet 
valve. When ventilation controls are operated, air 
enters past the air valves and into the body from the 
instrument panel and heater module outlets. 

E3 Remove or Disconnect 

1. Washer hose from the grille. 
2. Righthand wiper arm. Refer to WINDSHIELD 

WIPER· WASHER SYSTEM (SEC. SE). 
3. Self drilling screw (2). 
4. Shroud top vent grille (1) by prying. 

E3 Install or Connect 
1. Shroud top vent grille (1 ). 

Shroud Side Trim Finishing Panels ................ 10-4-1 
Radio Speakers ................................................. 10-4-2 
Front Door Jamb Switch ...... : .......................... 10-4-3 

2. Washer hose into grille. 
• Align studs on screen to slots in panel. 

3. Self drilling screw (2). 
4. Righthand wiper arm. Refer to WINDSIIlELD 

WIPER-WASHER SYSTEM (SEC. SE). 

PLENUM CHAMBER WATER 
DEFLECTORS 

Figure 2 
Water entering the plenum chamber is drained 

through water deflectors (3). The water deflectors (3) 
are located within the plenum chamber to prevent 
water from entering the air inlets to the passenger 
compartment. 

SHROUD SIDE TRIM FINISHING 
PANELS 

Figures 3 through 5 
The shroud side finishing panels are designed 

with an integral hinge pillar pinch-weld finishing lace. 
The left side has a cutout slot for the hood release cable 
handle. There is no need to remove the cable assembly 
when removing the trim finishing panel. The trim 
finishing panel is secured to the side shroud with 
self-tapping screws. 

l++I Remove or Disconnect 
1. Shroud side trim finishing panel screws (5). 
2. Hood release cable handle (6) from the slot on the 

left side by pulling down and rearward on the 
trim finishing panel ( 4). 

3. Finishing panel (4) from windshield lower side 
garnish molding (7) by pulling rearward. 

E3 Install or Connect 
1. Finishing panel (4) to the body hinge pillar lower 

panel. 
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(1] SHROUD TOP VENT GRILLE 

0 SELF DRILLING SCREW 
KC0010-104-P.RP 

Figure 1 - Air Entrance into Plenum Chamber 

0 WATER DEFLECTOR 

KCO 1&-104-F-RP 

Figure 2 - Typical Internal Water Deflectors 

2. Hood release cable handle ( 6) through access hole 
of left side finishing panel (4). 

3. Upper rear flange.of finishing panel (4) under 
garnish molding (7) by pushing. 

4. Groove in lace portion of finishing panel (4) over 
the pinch-weld flange of the front body hinge 
pillar. 

5. Screws (5). 

RADIO SPEAKERS 
Figures 4 and 5 

NOTICE: All Delco sound systems have 
ungrounded speakers. Installing add-on tape 
players, CB radios or other units which use the 
vehicle speakers may damage your Delco sound 
system. Please consult your dealer in advance if 
you are considering additions. 

,, 
0., 

0 RIGHTSIDE 

[!] LEFTSIDE 

0 FINISHING PANEL 

0 SCREW 

(!] HOOD RELEASE CABLE HANDLE 

0 GARNISH MOLDING 

!VEWC! 

20-104-F-RP 

Figure 3 - Shroud Side Trim Finishing Panel 

E3 Remove or Disconnect 

1. Shroud side trim finishing panel screws (5). 

2. Hood release cable handle ( 6) from the slot on the 
left side by pulling down and rearward on the 
trim finishing panel (4). 

3. Finishing panel (4) from windshield lower side 
garnish molding (7) by pulling rearward. 



0 GARNISH MOLDING 

Figure 4 - Windshield Lower Side Garnish Molding 

4. Speaker wiring harness connector. 

E3 Install or Connect 

1. Speaker wiring harness connector. 
2. Finishing panel (4) to body hinge pillar lower 

panel. 
3. Hood release cable handle (6) through access hole 

of left side finishing panel (4). 
4. Upper rear flange of finishing panel (4) under 

garnish molding (7) by pushing. 
5. Groove in lace portion of finishing panel (4) over 

the pinch-weld flange of the front body hinge 
pillar. 

6. Screws (5). 
Refer to RADIO SYSTEMS AND ANTENNAS 

(SEC. 9A) for speaker information. 

FRONT DOOR JAMB SWITCH 
Figures 6 and 7 

Door jamb switch terminal assemblies consist of 
a plunger, plunger collar, threaded retainer and 
terminals. They are installed in the door hinge pillars. 
When the door of the vehicle is closed, the plunger is 
depressed which creates·an open in the ground circuit. 
When the door is opened, the plunger is released and 
completes the circuit to ground. 

When a new jamb switch is installed and the door 
is closed the first time, the plunger is forced into the 
sleeve and automatically adjusts the jamb switch for 
that particular door. If a jamb switch fails, it should not 
be readjusted by hand. A new jamb switch should be 
installed. 

BODY FRONT END 10-4-3 

fi ~l I -----Gl . .1 L-J -----

0 LEFTSIDE 
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@] CONNECTORS 

0 FINISHING PANEL 
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0 HOOD RELEASE CABLE HANDLE 

0 GARNISH MOLDING 
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Figure 5 - Shroud Side Trim Finishing Panel with 
Speaker 
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E) Remove or Disconnect 

1. Door jamb switch (8 or 9). 

2. Electrical connector. 

E3 Install or Connect 

1- Electrical connector. 

NOTICE: See "Notice" on page 10-4-1 of this 
section. 

2. Door jamb switch (8 or 9). 

l~I Tighten 

• Door jamb switch (8 or 9) to 18 N ·m(13 lb. 
ft.). 

0 LEFTSIDE 

0 RIGHTSIDE 

[!] DOUBLE TERMINAL DOOR JAM SWITCH 

0 SINGLE TERMINAL DOOR JAM SWITCH 

~ ELECTRICAL CONNECTOR 

0 DOUBLE TERMINAL ASSEMBLY 

0 SINGLE TERMINAL ASSEMBLY 
KC0030.104-F-RP 

Figure 6 - Door Jamb Switch Terminals 

KC:0140-104-F-RP 

Figure 7 - Switch Terminal Assembly Installation 
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SECTION 10-5 

DOORS 
The following "Notice" applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: "NOTICE: See "Notice" on page 10-5-1 
of this section.• 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 

NOTICE: The anti-theft label found on some major glass, sheet metal, engines, and transmissions must be 
masked prior to painting, rustproofing, undercoating, etc. The mask must be removed following the above 
operations. Failure to keep the label clean and readable may result in liability for violation of Federal Vehicle Theft 
Prevention Standard, and subject the vehicle owner to possible suspicion that the part was stolen. 

CONTENTS 
General Description ........................................... 10-5-2 Water Deflector ............................................. 10-5-11 
Thread Locking Fasteners ............................... 10-5-2 Sound Insulator .............................................. 10-5-12 
Door Hardware Lubrication ........................... 10-5-2 Sealing Strips .................................................. 10-5-13 

Door Trim .......................................................... 10-5-2 Window Belt Inner Sealing Strip ................ 10-5-14 
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Door Trim Panel ............................................ 10-5-2 

Window Belt Outer Sealing Strip ................ 10-5-14 
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1~2 DOORS 

GENERAL DESCRIPTION 
This section contains the service operations 

necessary for the removal, installation, adjustment and 
sealing of door assemblies, hardware and trim. 

THREAD LOCKING FASTENERS 
All factory installed door hardware attaching 

screws contain an epoxy thread locking compound to 
ensure that the torque setting will be maintained. 

Service replacement screws may not contain a 
thread locking compound. Such screws may be treated 
with part number 1052279, Loctite 75, or equivalent. 
The adhesive is placed on the fastener prior to 
installation. After the fastener is installed and 
tightened, the adhesive will cure preventing the 
fastener from becoming loose. 

DOOR HARDWARE LUBRICATION 
For the proper door hardware lubricants, refer to 

MAINTENANCE AND LUBRICATION (SEC. 
OB). 

DOOR TRIM 
INTERIOR 

Door Trim Panel 
Figure 1 a Remove or Disconnect 

Tool Required: 
J 24595-B Door Trim Pad and Garnish Clip 
Remover 

1. Remote handle mount panel. Refer to "Trim Pad 
Switch and Remote Handle Mount Panel" in this 
section. 

2. Window regulator handle, if equipped. Refer to 
"Window Regulator Handle" in this section. 

3. Door trim panel using J 24595-B. 
• Push the door trim panel (1) outboard and 

upward to disengage it from the upper 
retaining clips. 

IL•I Inspect 
• Door trim panel retainers for damage. Make sure 

the retainers are installed securely into the door 
trim panel (1). Replace if necessary. 

l++l rnstall or Connect 

1. New trim retainers into the door trim panel, if 
n_ecessary. 
• Insert the retainer flange into the cutout 

attachment hole in the trim panel. 
• Rotate the retainer until the flange is fully 

engaged. 
2. Door trim panel (1). 

• Position the top of the door trim panel over 
the upper flange of the door inner panel. 

• Press down on the door trim panel (I) to 
engage the upper retaining clips. 

• Position the door trim panel (1) so that the 
trim retainers are aligned with the attaching 
holes in the panel. 

• Tap the door trim panel retainers into the 
holes with the palm of the hand· or a clean 
ru~ber mallet. 

3. Window regulator handle, if equipped. Refer to · 
•window Regulator Handle• in this section. 

4. - Remote handle mount panel. Refer to •Trim Pad 
Switch and Remote Handle Mount Panel" in this 
section. 

SECTION A-A SECTION 1-1 

GJ DOOR TRIM PANEL 
KC0001-105-F,.RP 

Figure 1 - Door Trim Panel 

Map Pocket a Remove or Disconnect 

1. Door trim panel. Refer to •Door Trim Panel" in 
this section. 

2. Nuts retaining the map pocket to the door trim 
panel 

3. Map pocket from the door trim panel. 

l++I Install or Connect 

1. Map pocket. 

NOTICE: See #Notice" on page 10-5-1 of this 
section. 

2. Nuts retaining the map pocket to the trim panel. 

l~I Tighten 
• Nuts to 1.4 N·m (12 lb. in.). 

3. Door trim panel. Refer to "Door Trim Panel" in 
this section. 



Armrest 
Figure2 

l++I Remove or Disconnect 

1. Screws retaining armrest to the door trim panel, 
the armrest hanger plate and the trim pad 
switch/remote handle mount panel (5). 

· 2. Armrest (2) from the door trim panel and the 
trim pad switch/remote handle mount panel (5). 

E3 Install or Connect 

1. Armrest (2) to the door trim panel and the trim 
pad switch/remote handle mount panel (S). 

NOTICE: See .. Notice'" on page 10--5-1 of this 
section. 

2. Screws (3 and 4). 

l~I Tighten 

• Screws (3 and 4) to 6 N ·m (53 lb. in.). 

ONA-A 

G AIR DEFLECTOR 

0 NUT 

i 
Figure 2 - Armrest 

KC0102-105-F-RP 

Trim Pad Switch and Remote Handle Mount 
Panel 
Figure 3 

l++I Remove or Disconnect 
1. Arm.rest. Refer to ,. Armrest• in this section. 
2. Inside lock rod knob. Refer to "Inside Lock Rod 

Knob• in this section. 

DOORS 10-5-3 

3. Screws (6) retaining trim pad switch and remote 
handle mount panel (5) to door trim panel. 

4. Electrical connector from the power door lock 
switch, if equipped. 

5. Remote mirror control, if equipped. 
• Remove retaining clip with the blade of a 

small screwdriver and pull the lever out of 
the trim plate from behind. 

6. Electrical connector from the power mirror 
switch, if equipped. 

7. Trim pad switch and remote handle mount panel 
(5) from the door trim panel. 

E3 Install or Connect 

1. Trim pad switch and remote handle mount panel 
(5) to the door trim panel. 

2. Electrical connector to the power mirror switch, 
if equipped. 

3. Remote mirror control lever, if equipped. 
• Position lever into the trim plate from 

behind. 
• Insert the retaining clip into the trim plate 

and rotate the clip 90 degrees 
counterclockwise to secure. 

4. Electrical connector to the power door lock 
switch, if equipped. 

5. Screws ( 6) retaining the trim pad switch and 
remote handle mount panel (5) to the door trim 
panel. · 

6. Inside lock rod knob. Refer to '"Inside Lock Rod 
Knob" in this section. 

7. Arm rest. Refer to ,. Armrest'" in this section. 

0 REMOTE HANDLE 
MOUNT PANEL 

0 SCREWS 

KC0003-106-F-RP 

Figure 3 - Remote Handle Mount Panel 

EXTERIOR 

Door Molding 

For information and procedures on replacing 
door exterior adhesive molding, refer to GENERAL 
BODY SERVICE PROCEDURES (SEC. 10--1). 
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Door Lower Air Deflector 
Figure 4 

El Remove or Disconnect .. 

1. Water deflector. Refer to •water Deflector" in 
this section. 

2. Nuts (8) retaining the air deflector (7) to the door. 
3. Air deflector (7). a Install or. Connect 

1. Air deflector (7). 

NOTICE: See to "Notice" on page 10-5-1 of this 
section. · 

2. Nuts (8) retaining the air deflector to the door. 

l~I Tighten 

• Nuts (8) to 1.4 N ·m (12 lb. in.). 
3. Water deflector. Refer to "Water Deflector" in 

this section. 

AIR DEFLECTOR 

NUT 
KC0004-105-1'-RP 

Figure 4 - Door Lower Air Deflector 

Decals and Stripes 

l++I Remove or Disconnect 

Tool Required: 

J 25070 Heat Gun 

• Decal or stripe. 

• . Hold J 25070 at least 152 mm (6 inches) 
from the decal or stripe. Apply heat in an 
even and circular motion. 

• Peel off decal slowly. 

~ Clean 

• Area where the decal or stripe is to be applied 
using a clean, lint-free _cloth saturated with high 
flash naphtha or isopropyl alcohol in a 50/50 
mixture with water. 

• Using a dry, clean, lint-free cloth, wipe dry the 
body surface of any film where the naphtha or 
alcohol was applied. 

I++! Install or Connect 

• Decal or stripe. 
• Remove the protective backing from the 

decal by flicking the comer of the decal 
away from the backing paper with the ball 
of the thumb or finger. · 

• Apply the decal to the body surface using a 
teflon covered plastic squeegee to remove all 
air bubbles. 

FRONT DOOR HARDWARE AND 
GLASS 

WEATHERSTRIPS 

Door Weatherstrips 

Figures 5 and 6 
Nylon fasteners are used to retain the door 

weatherstrips. The nylon fasteners are a component 
part of the weatherstrip. They secure the weatherstrip 
to the door by engaging piercings in the door panel. 
The serrations on the fastener also seal the piercings 
from water entry. Adhesive retains the weatherstrip at 
the belt line and down the door hinge pillar. 

l++I Remove or Disconnect 

Tool Required: 
J 21104-B Weatherstrip Removal Tool 

I. Door trim panel. Refer to "Door Trim Panel• in 
this section. 

2. Screws (11) from weatherstrip retainers (12). 
3. Weatherstrip fasteners (9) using J 21104-B. 

!L•I Inspect 
• Weatherstrip fasteners (9) for damage. 

Replace as necessary. 

NOTICE: To prevent damage to the weatherstrip 
during removal, apply an adhesive release agent 
such as 3M No. 08971, Kent No. SR-A, or 
equivalent to aid in breaking the adhesive bond. 

4. Weatherstrip (10). 
• Break the adhesive bond between the door 

and the weatherstrip (10) using a flat-bladed 
tool. 



IL!] inspect . 

• Weatherstrip (10) for damage. 
- If the weatherstrip (10) will not hold a nylon 

fastener (9), remove the fastener (9) and 
secure the weatherstrip (10) using adhesive 
at the area where the fastener (9) was 
removed. 

~ Clean 

If more than two nylon fasteners (9) in a 
row will not remain attached to the 
weatherstrip (10), replace the weatherstrip 
(10). 

• Old weatherstrip adhesive from the door. 

E3 Install or Connect 

1. Nylon fasteners (9) to the weatherStrip (10). 
2. Adhesive to weatherstrip at belt line and door 

hinge pillar. 

[I] Important 

• Weatherstrip (10) must be installed within 
15 minutes of adhesive application to 
prevent the adhesive from skinning or 
drying out. 

3. Weatherstrip (10). 
• Position the weatherstrip (10) to the door. 
• Tap the nylon fastener (9) into the door 

piercing using a hammer and a blunt 
caulking tool. 

• Apply weatherstrip adhesive at any point 
where additional retention or sealing is 
required. 

4. Screws (11) to weatherstrip retainers (12). 
5. Door trim panel. Refer to "Door Trim Panel" in 

this section. 

Roof Rail Weatherstrip and Retainer 
Figure 7 

The side roof rail weatherstrip (13) is sealed to a 
weatherstrip retainer (14). The weatherstrip retainer 
(14) is sealed to the body by a nitrile foam material 
bonded to the retainer (14). Plastic fasteners retain the 
ends of the weatherstrip to the body. 

l++I Remove or Disconnect 

Tool Required: 
J 21104-B Weatherstrip Removal Tool 

1. Plastic fasteners ( 15) at front and rear of roof rail 
weatherstrip (13) with J 21104 or equivalent. 

NOTICE: To prevent damage to the roof rail 
weatherstrip (13) during removal, apply an 
adhesive release agent such as 3M No. 08971, 
Kent · No. SR-A, or equivalent to aid in breaking 
the adhesive bond. 

2. Roof rail weatherstrip (13). 
• Beginning at the front body hinge pillar, 

carefully pull the roof rail weatherstrip (13) 

DOORS 1 O.S.S 

0 FASTENER 

~ WEATHERSTRIP 

Figure 5 - Removing Weatherstrip 

out of the retainer (14) while carefully 
breaking the sealer bond between the roof 
rail weatherstrip (13) and the retainer (14) 
with a flat-bladed tool. 

• Mark the position of the retainer (14) on the rail 
or the pillar. 

3. Screws attaching the retainer (14) to the side roof 
rail. 

4. Retainer (14). 

~ Clean 

• Excess sealer from weatherstrip retainer (14). 

E3 Install or Connect 

• Apply a continuous bead of pumpable body 
caulking compound 100 mm (4 inches) rearward 
and 100 mm (4 inches) down from the front and 
rear upper comer of the retainer (14) and along 
the full length of the body lock pillar retainer. 

1. Retainer (14). 
2. Retainer attaching screws. 
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~ WEATHERSTRIP 

B SCREW 

G!] RETAINER 

SECTION A-A 
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Figure 6 - Installing Weatherstrip 

• Apply black weatherstrip adhesive to . . the 
outboard flange and outboard surface of. the 
weatherstrip retainers. 

• Apply black. weatherstrip adhesive to the front 
and rear end details of the side roof rail 
weatherstrip. 

• Position the front end of the weatherstrip to the 
body. . 

3. Weatherstrip to the retainer (14), outboard lip 
first then inboard lip, using a flat bladed tool. 

4. Plastic nail fastener (15) at rear end of 
weatherstrip. 

ROOF RAIL WEATHERSTRIP 

RETAINER 

FASTENER 

KC0107-1011-F-RP 

Figure 7 - Roof Rail Weatherstrip 

PRESSURE RELIEF VALVE 
Figures 

E3 Remove or Disconnect 

1. Screw (16) retaining pressure relief valve ( 17) to 
lock pillar. 

2. Pressure relief valve ( 17) by lifting up and 
forward to disengage tab of pressure relief valve 
(17) from lock pillar. 



E3 Install or Connect 

1. Pressure relief valve (17) to body by placing tab 
on valve in opening in lock pillar. 

2. Screw (16). 

l~I Tighten 
• Screw (16) to 1.7 N,m (15 lb. in.). 

SECJ(ONA-A 

[2!] SCREW 

I 20 I PRESSURE RELIEF VALVE 

KCOOOS-1 5-F-RP 

Figure 8 - Pressure Relief Valve 

HANDLES 

Window Regulator Handle 
Figure 9 

E3 Remove or Disconnect 

Tool Required: 
J 9886-01 Door Handle Clip Remover 

I. Spring clip (18) by pushing J 9886-01 between the 
window regulator handle (19) and the door trim 
panel. 

2. Window regulator handle (19) from the window 
regulator spindle. 

3. Escutcheon from the spindle. a Install or Connect 
1. Spring clip ( 18) onto the window regulator 

handle (19). 
2. Escutcheon onto the window regulator handle 

(19). 
3. Window regulator handle (19) with the 

escutcheon to window regulator spindle. 
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Figure 9 - Removing Window Regulator Handle 

Inside Lock Rod Knob 
Figure 10 

l++I Remove or Disconnect 

• Inside lock rod knob (20). 
• Slide lock rod knob (20) forward. 
• Insert a small flat-bladed tool behind the 

end of the lock rod knob (20) and pry it 
away from the rod. 

E3 Install or Connect 

• Inside lock rod knob (20). 
• Insert end of the lock rod knob (20) through 

the hole in the trim pad switch and remote 
handle mount panel (5). 

• Slide the lock rod knob (20) rearward until 
the end of the rod engages the depression in 
the end of the lock rod knob (20). 

REMOTE HANDLE MOUNT 
PANEL 

LOCK ROD KNOB 
KC0110-105-1'-RP 

Figure 10 - Lock Rod Knob 

Door Lock Inside Handle 
Figure 11 

E3 Remove or Disconnect 
1. Door trim panel. Refer to "Door Trim Panel" in 

this section. 
2. Water deflector. Refer to "Water Deflector" in 

this section. 
• Raise window all the way. 
3. Connecting rod clip at inside handle (21). 
4. Rod from the inside handle (21). 
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5. Center pin of attaching rivet (22). 
6. Rivet (22) using a 3/16-inch drill bit. 
7. Inside handle (21) by sliding forward to disengage 

front retaining tab. 

E3 lnstaH or Connect 

1. Inside handle (21). 
2. Inside handle rod to the inside handle (21). 
3. Connecting rod clip. 
4. Rivets (22) 3/16-inch x 5/16•inch USM part 

number SD62BS or equivalent. 
5. Water deflector. Refer to •water Deflector" in 

this section. 
6. Door trim panel. Refer to "Door Trim Panel" in 

this section. 

INSIDE HANDLE 

RIVET 
KC0011-106-f.RP 

Figure 11 - Door _Lock Inside Handle 

Outside Handle 
Figure 12 

l++I Remove or Disconnect 
1. Door triin panel. Refer to •ooor Trim Panel• in 

this section. 
• Raise the window all the way. 
2. Upper edge of the water deflector and sound 

insulator enough to expose rear access hole. 
3. Outside handle (24) from the outside 

handl~to-lock rod by disengaging the clip on 
outside handle (24). 

4. Nuts (26) from outside handle studs. 
5. Outside handle (24). 

E3 Install or Connect 

1. Outside handle (24) . . 

NOTICE: See •Notice" on page 10-5•1 of this 
section. 

2. Nuts (26) to the outside handle (24). 

l~I Tighten 
• Nuts (26) to 7 N·m (62 lb. in.). 

3. Outside handle (24) to the outside handle•ta.lock 
rod. 

4. Upper edge of water deflector and sound 
insulator. 

5. Door trim panel. Refer to •Door Trim Panel" in 
this section. 

ROD, OUTSIDE HANDLE TO LOCK 

OUTSIDE HANDLE 

DOOR LOCK 

NUT 
KC0012-106-F-RP 

Figure 12 • Outside Handle 

SWITCHES 

Door Jamb Switch 

For information on replacing the door jamb 
switches, refer to BODY FR.ONT END (SEC. 104). 

Power Door Lock Switch 

Figure 13 

l++j Remove or Disconnect 
1. Screws (28) attaching the power door lock switch 

(27) from the trim pad switch and remote handle 
mount panel. 



2. Power door lock switch (27) from the trim pad 
switch and remote handle mount panel. 

3. Connector (29) from the power door lock switch 
(27) by releasing the locking-tabs. 

. E3 Install or Connect 

1. Connector (29) to the power door lock switch 
(27) by pressing to engage locking tabs. 

2. Power door lock switch (27) to the trim pad 
switch and remote handle mount panel. 

NOTICE: See ,.Notice" on page 10-5-1 of this 
section. 

3. Screws (28). 

l~I Tighten 
• · Screws (28) to 0.5 N·m (4 lb. in.). 

~ POWER DOOR LOCK SWITCH ! 2s I CONNECTOR 

~ SCREWS 

KCO 3-105-F-RP 

Figure 13 - Power Door Lock Switch 

Outside Mirror Electric Touch Control Switch 

Figure 14 

l++I Remove or Disconnect 

1. Screws (32) attaching the mirror touch control 
switch (30) to the remote handle mount panel (5). 

2. Mirror touch control switch (30) from the trim 
pad switch and remote handle mount panel (5). 

3. Connector (31) from the mirror touch control 
switch (30). 
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l++I Install or Connect 

1. Connector (31) to the mirror control switch by 
pressing to engage the locking tabs, 

2. Mirror touch control switch (30) to the trim pad 
switch and remote handle mount panel (5). 

NOTICE: See "Notice" on page 10-5-1 of this 
section. 

3. Screws (32). 

l~I Tighten 

• Screws (32) to 0.5 N·m (4 lb. in.). 

~ POWER DOOR LOCK SWITCH 

130 I CONNECTOR 

~ SCREW 

~ COVER 

Figure 14 - Mirror Touch Control Switch 

GLASS CHANNELS AND GUIDES 

Window Guide Cam 

Figures 15 and 16 

!+-+I Remove or Disconnect 

• Roll the window up half way. 

1. Water deflector. Refer to "Water Deflector" in 
this section. 

2. Bolts (36) retaining the window guide cam (34) 
to the inner door panel. 

3. Window guide cam (34) by pulling up and back 
and rotating 180 degrees. 

4. Window guide cam (34) through rear access hole. 
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EJ Install or Connect 

1. Window guide cam (34) through rear access hole. 
2. Window guide cam (34) to window regulator cam 

and inner door panel. 

NOTICE: See "'Notice" on page 10-5-1 of this 
section. 

3. Bolts (36) retaining guide cam (34) to inner door 
panel. 

l~I Tighten 
• Bolts (36) to 10 N·m (89 lb. in.). 

4. Water deflector. Refer to "Water Deflector" in 
this section. 

~ UPPER REAR STOP 

~ WINDOW GUIDE CAM 

~ WINDOW GUIDE CAM SUPPORT 

~ BOLT 

~BOLT 
KC0016-105-F-RP 

Figure 15 - Window Guide Cam 

1341 WINDOW GUIDE CAM 

~ BOLT 

KC0016-106-F-RP 

Figure 16 - Installing Window Guide Cam 

Door Window Regulator Cam 

Figure 17 

l++I Remove or Disconnect 
1. Water deflector. Refer to "Water Deflector" in 

this section. · 
2. Door glass. Refer to .. Glass• in this section. 
3. ·slide the regulator cam (38) off the window 

regulator rollers. 
4. Regulator cam (38) from the door through the 

rear access hole. 

I++! Install or Connect 
1. Regulator cam (38) to the window ·regulator 

rollers. 
2. Door glass to regulator cam (38). Refer to 

"Glass" in this section. · 
3. Water deflector. Refer to •water Deflector .. in 

this section. 

Inner Panel Cam 

Figure 18 

!++! R~move or Disconnect 
1. Water deflector. Refer to "Water Deflector" in 

this section. 
2. Bolts (41) retaining inner panel cam (40) to the 

door inner panel. 
3. Inner panel cam ( 40) from window regulator 

balance arm roller (39). 
4. Inner panel cam ( 40) through access hole. 

E3 Install or Connect 
l. Inner panel cam (40) to window regulator 

balance arm roller (39). 
2. Inner panel cam ( 40) to inner door panel. 

NOTICE: See "Notice" on page 10-5-1 of this 
!leetion. 
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Figure 17 - Door Window Regulator Cam 

3. Bolts (41) retaining inner panel cam to the door 
inner panel. 

l~I Tighten 
• Bolts (41) to 11 N ·m (97 lb. in.). 

4. Water deflector. Refer to "Water Deflector" in 
this section. 

~ WINDOW REGULATOR BALANCE ARM ROLLER 

140 I INNER PANEL CAM 

B BOLT 

KC0018-10~RP 

Figure 18 - Inner Panel Cam 
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Window Glass Run Channel Retainer 
Figure 19 

l+-+I Remove or Disconnect 

1. Water deflector. Refer to "Water Deflector" in 
this section. 

2. Weatherstrip enough to provide access to the 
channel retainer ( 43). . 

• Loosen the two nuts (42) on .the channel retainer 
support ( 45). 

3. Bolt (44) attaching the channel retainer support 
( 45) to the door inner panel. 

4. Channel retainer support ( 45) by removing nuts 
(42). 

5. Bolts (46) at the channel retainer lower 
attachment. · 

6. Channel retainer ( 43) by pulling up and rotating 
90 degrees through the opening at the belt line. 

I-++! Install or Connect 
NOTICE: See "Notice" on page 10-5-1 of this 
section for steps 4 and 5. 

1. Channel retainer (43) through the opening at the 
belt line. 

2. Lower attachment retaining bolt (46) loosely. 
3. Channel retainer support (45) to the door inner 

panel. 
4. Bolt ( 44) to channel retainer support ( 45). 

l~I Tighten 
• Bolt ( 44) to 11 N • m (97 lb. in.). 

5. Nuts (42) to channel retainer support (45). 

l~I Tighten 
• Nuts (42) to 11 N·m (97 lb. in.). 

WATER DEFLECTOR 
Figu~ 20 and 21 

Waterproof deflectors are used to seal the door 
inner panel and prevent entry of water into the body. 
The deflector is secured by an adhesive sealer material 
along the front edges, rear edges and bottom, and by 
the application of waterproof sealing tape. Whenever 
work is performed where the water deflector has been 
disturbed, the deflector must be properly sealed and 
taped to the inner panel to prevent waterleaks. For 
service sealing, strip caulking is recommended if 
additional sealing material is required. 

When access to the inner panel is required to 
perform service operations, the deflector may be 
completely or partially detached from the inner panel 
If the existing water deflector is damaged so that it will 
not properly seal the door, replace the deflector. The 
water deflector is available as a service part. 
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Figure 19 - Window Glass Run Channel Retainer 

The following procedure covers complete 
removal and installation of the water deflector. If only 
partial removal of the deflector is required, perform 
only those steps which are necessary to expose the 
required area of the door inner panel. 

E3 Remove or Disconnect 

Tool Required: 
J 21104-B ~eatherstrip Remover 

1. Door trim panel. Refer to "Door Trim Panel" in 
this section. 

2. Sound insulator ( 49). Refer to "Sound Insulator" 
in this section. 

3. Plastic nails using J 21104-B, if required. 
4. Water deflector (47). 

• Use a flat-bladed tool to break the sealer 
bond between the water deflector ( 4 7) and 
the door inner panel. 

5. Tape from the inner door panel, carefully. 
6. Wa~r fil,eflector ( 4 7) from the inner door panel 

drain slot. 
7. Water deflector ( 4 7). 

IL•l tnspect 
• Water deflector ( 4 7) for tears or holes. Repair 

tears or holes using waterproof body tape on both 
sides of the water deflector (47). 

E3 Install or Connect 

1. Water deflector (47). 

• Apply a string sealer in a continuous bead 
that will guide water to the drain slots. 

• Insert the water deflector tabs in the door 
inner panel. 

• Firmly press the edges of the water deflector 
to obtain a good bond between the water 
deflector sealer and the door inner panel. 

• Apply body caulking to any screw heads or 
piercings in the door inner panel below the 
water deflector (47). 

2. Plastic nails, if required. 
3. Sound insulator (49). Refer to "Sound Insulator" 

in this section. 
4. Door trim panel. Refer to "Door Trim Panel" in 

this section. 

SOUND INSULATORS 
Figure21 

!++I Remove or Disconnect 

Tool Required: 
J 21104-B Weatherstrip Remover 

1. Door trim panel. Refer to "Door Trim Panel" in 
this section. 

2. Plastic fasteners, if required, using J 21104-B. 
3. Sound insulator (49) by carefully peeling away 

from the water deflector (47). 

!++! Install or Connect 
1. Sound insulator to door trim panel. 
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Figure 20 - Water Deflector 

2. Plastic fasteners, if required. 

3. Door trim panel. Refer to "Door Trim Panel" in 
this section. 

SEALING STRIPS 

Window Belt Inner Sealing Strip 

(+-+I Remove or Disconnect 

1. Door trim panel. Refer to •Door Trim Panel• in 
this section. 

2. Plastic rivets attaching the window belt sealing 
strip to the door trim panel. 

3. Window belt sea1:mg strip. 

• Lower the window all the way. 

• Remove or adjust the window down-travel 
supports, if required. 

E3 Install or Connect 
1. Window belt sealing strip. 

2. Plastic rivets attaching window belt sealing strip 
to door trim panel. 

3. Window down-travel supports, if required. 

4. Door trim panel. Refer to "Door Trim Panel" in 
this section. 

GJ DOOR TRIM PANEL 

G WEATHERSTRIP 

~ WATER DEFLECTOR 

1481 WINDOW SEALING STRIP 

~ SOUNDINSULATOR 

KCOO 1-106-F-RP 

Figure 21 - Door Sealing Components 



10-5-14 DOORS 

Window Belt Outer Sealing Strip 
Figure22 

l++I Remove or Disconnect 

• Apply a cloth-backed tape as a protective cover 
over the painted surface of the door next to the 
sea.ling strip. 

1. Water deflector. Refer to "Water Deflector" in 
this section. 

2. Door glass. Refer to "Glass" in this section. 
3. Screws (50) retaining sealing strip to door. 
4. Sealing strip (48) by pulling up and out of the 

door inner panel. 

E3 Install or Connect 

1. Sealing strip ( 48) to door inner panel. 
2. Screws (50) retaining sealing strip to door. 
3. Door glass. Refer to "Glass" in this section. 
4. Water deflector. Refer to "Water Deflector" in 

this section. 
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Figure 22 - Window Belt Sealing Strip 

MIRRORS AND MIRROR CABLES 

Mirror Face 

!++I Remove or Disconnect 

CAUTION: To minimize the chance of. 
personal injury, gloves and safety 
glasses should . be worn when 
removing broken glass. 

NOTICE: When breaking the mirror, cover the 
door area surrounding the mirror to avoid damage 
to the paint. 

• Mirror face from the mirror assembly. 
• Place tape over the mirror face. 

• Break the mirror face. 
• Remove the broken pieces from the mirror 

assembly. 

~ Clean 

• Inside of the mirror frame with · a clean 
cloth. 

-E3 Install or Connect 

• Mirror face. 
• Remove paper backing to expose adhesive. 
• Press the mirror face firmly on to the center 

of the mirror frame. 

Outside Standard Mirror 
Figure23 

l++I Remove or Disconnect 

1. Door trim panel. Refer to "Door Trim Panel" in 
this section. 

2. Water deflector far enough to obtain access to the 
mirror retaining nuts. 

3. Nuts from mirror base studs. 
4. Standard mirror (51). 

E3 Install or Connect 

• Align mirror gasket on door outer panel. 
1. Standard mirror (51) to door outer panel. 

NOTICE: See "Notice• on page 10-5-1 of this 
section. 

2. Nuts to mirror base studs. 

!~! Tighten _ 
• Nuts to 5 N ·m (44 lb. in.). 

3. Area of water deflector previously detached. 
4. Door trim panel. Refer to "Door Trim Panel" in 

this section. 

Outside Remote Control Mirror 
Figures 24-and 26 

l++I Remove or Disconnect 
1. Door trim panel. Refer to "Door Trim Panel" in 

this section. 
2. Screws (57) retaining remote control mirror 

escutcheon (54) to the trim pad switch and 
remote handle mount panel (5). 

3. Escutcheon (54) from the trim pad switch and the 
remote handle mount panel (5). 

4. Retainer (56) from the rear of the escutcheon 
(54). 

5. Remote control mirror cable (55) from the 
escutcheon (54). 

6. Water deflector far enough to gain access to 
mirror retaining nuts. 

7. Nuts from mirror base studs. 
8. Remote control mirror (52) with the cable (55). 



E3 Install or Connect 
1. : Remote control mirror (52) with the cable (55). 
2. Nuts to the mirror base studs. 
3. Area of water deflector previously detached. 
4. Remote control mirror cable (55) to the 

escutcheon (54). 
5. Retainer (56) to the escutcheon (54). 

• Rotate retainer (56) 90 degrees 
counterclockwise to secure. 

NOTICE: See "Notice" on page 10-5-1 of this 
section. · 

6. Screws (57) retaining the escutcheon (54) to the 
trim pad switch and remote handle mount panel 
(5). 

l~I Tighten 

• Screws (57) to 0.5 N•m (4 lb. in.). 
7. Door trim panel. Refer to "Door Trim Panel" in 

this section. 

Outside Remote Control Electric Mirror 
Figure 23 

I +-+I Remove or Disconnect 

1. Outside mirror electric touch control switch. 
Refer to "Switches" in this section. 

2. Door trim panel. Refer to "Door Trim Panel" in 
this section. 

• Peel back the water deflector enough to detach 
the wiring harness from the retaining tabs in the 
door. 

3. Nuts retaining the mirror base to door. 
4. Electric mirror (53) with the wiring harness. 

E3 Install or Connect 

1. Electric mirror (53) with the wiring harness to 
the door outer panel. 

2. Nuts retaining the mirror base to the door outer 
panel. 

3. Water deflector to the area where it was 
previously removed. 

4. Door trim panel. Refer to "Door Trim Panel" in 
this section. 

5. Outside mirror electric touch control switch. 
Refer to "Switches" in this section. 

SPEAKERS 

For information on removal and installation of 
the front instrument panel mounted speakers, refer to 
INSTRUMENT PANEL, CLUSTER AND 
CONSOLE (SEC. SC). 

For information on the removal and installation 
of the side shroud finishing trim panel mounted 
speakers, refer to BODY FRONT END (SEC. 10-4). 

STANDARD MIRROR 

REMOTE CONTROL MIRROR 

ELECTRIC MIRROR 
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Figure 23 - Outside Mirrors 

REMOTE HANDLE MOUNT PANEL 

ESCUTCHEON 

CABLE 

RETAINER 

SCREWS 
KC0024-106-F-RP 

Figure 24 - Remote Mirror Control 

SPRING CLIPS 
Figure25 

Spring clips are .used to secure remote control 
connecting rods and inside locking rods to door lock 
levers and remote handles. A slot in the clip provides 
for disengagement of the clips, allowing easier 
detachment of linkage. To disengage a spring clip, use 
a screwdriver or other suitable thin-bladed tool to slide 
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clip out of engagement. To engage a spring clip, use a 
screwdriver or other suitable thin-bladed tool to slide · 
the clip onto the engagement. · 

j ss l LOCK CONNECTING ROD 

~ LOCKLEVER 

j eol CLIP 
K &-1~RP 

Figure 25 - Removing Spring Clip 

DOOR LOCKS AND STRIKERS 

Door Locks 

Figures 26 through 28 

CAUTION: Do not attempt to repair a 
broken lock. A lock malfunction may 
result in serious bodily injury. A 
broken lock must be replaced. 

E3 Remove or Disconnect 

• Raise the window. 
1. Water deflector. Refer to "Water Deflector• in 

this section. 
2. Inside locking-to-lock rod (61) from the door 

lock (25). 
3. Outside handle-to-lock rod (23) from the door 

lock (25). 
4. Lock cylinder-to-lock rod (62) from the door lock 

(25). 
5. Door lock screws. 
6. Door lock (25). 

I++! Install or Connect 

1. Door lock (25). 

NOTICE: See •Notice• on page 10-5-1 of this 
section. 

2. Door lock screws. 

l~I Tighten 

• Screws to 8 N·m (71 lb. in.). 
3. Lock cylinder-to-lock rod (62) to the door lock 

(25). . 

4. Outside handle-to-lock rod (23) to the door lock 
(25). . 

5. Inside locking-to-lock rod (61) to the door lock 
(25). 

6. Water deflector. Refer to "Water Deflector" in 
this section. 

~ DOORLOCK 

~ INSIDE LOCKING-TO-LOCK ROD 

Figure 26 - Inside Locking-tCH.ock Rod 

OUTSIDE HANDLE-TO-LOCK ROD 

OUTSIDE HANDLE 

DOORLOCK 

p 

KC0027-10!1-141P 

Figure 27 - Outside Handle to Lock Rod 

Door Lock Striker Adjustment 

Rgures 29, 30 and 31 
The door lock striker consists of a single metal 

bolt and washer assembly that is threaded into · a 
tapped. floating cage plate located in the body lock 
pillar. The door is secured-in the closed position when 
the door lock fork bolt snaps over and engages the 
striker bolt. 
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Figure 28 - Lock Cylinder-to-Lock Rod 

rn Important 

• The door must be properly aligned prior to 
adjusting the door lock striker. 

1;-1 Adjust 

Tool Required: 
J 29843-9 Lock Striker and Seat Belt Torx 
Wrench ' 

• Door lock striker. 
• Loosen the striker .bolt ( 65) using J 29843-9. 
• Shift the striker bolt (65) up or down, 

inboard or outboard, as required. 
• Striker bolt (65) should enter the 

center of the striker opening and 
should not pull the door up or down 
when closed. 

• Apply modeling clay or body caulking 
compound to the lock striker opening on the 
door lock. rn Important 

• Close the door only far enough for the lock 
striker to make an impression in the clay. 
Closing the door too far will make it 
difficult to remove the clay or compound. 

• Close the door until the striker makes an 
impression in the clay or the body caulking 
compound. 
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• Open the door and check the forward and 
rearward adjustment. 
• The striker impression should be centered 

forward and rearward. 
• The minimum allowable distance between 

the forward edge of the door lock fork bolt 
and the rear edge of the impression is 2 mm 
(3/32 inch). 

• A .2 mm (3/32 inch) spacer, part number 
4469196 or equivalent, is available to 
achieve the desired forward and rearward 
alignment. 

~• If forward or rearward adjustment is needed: 
• Mark the location of the striker on the body. 
• Remove the striker using J 29843-9. 
• Add or remove spacers as needed. 
• Install the striker and any spacers to the 

location marked on the . body using J 
29843-9. 

l~I Tighten 

• Striker bolt (65) to 53 N ·m (39 ft. lb.). 
• Touch up any exposed, unpainted metal. 
• Additional striker adjustment, up or down and in 

or out can be made using the following procedure: 
• Remove the striker. Refer to "Door Lock 

Striker• in this section. 

NOTICE: It is important that a flat end rotary file 
be used to enlarge the striker bolt hole so that the 
tapped anchor plate (64) is not damaged. The 
striker bolt (65) and the tapped anchor plate (64) 
are important attaching parts that could affect the 
performance of vital components and systems. 

• Enlarge the striker bolt hole in the direction 
required. 

• Install striker bolt (65) to the correct 
position. Refer to "Door Lock Striker" in 
this section. · 

Door Lock Striker 
Figure 31 

l+-+I Remove or Disconnect 

Tool Required: 
J 29843-9 Lock Striker and Seat Belt Ton: 
Wrench 

NOTICE: The door lock striker is an important 
attaching part in that it could affect the 
performance of vital components and systems, 
and/or could result in major repair expense. It 
must be replaced with one of the same part number 
or with an equivalent part if replacement becomes 
necessary. Do not use a replacement part of lesser 
quality or substitute design. Torque values must be 
used as specified during reassembly to assure 
proper retention of this part. 
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DOOR LOCK FORK BOLT 

2mm (3/32-in.) 
minimum 

MODELING CLAY OR BODY CAULKING COMPOUND 

STRIKER IMPRESSION 

KC0081-10S-8-RP 

Rgure 29 - Door Lock Striker Forward and 
Rearward Adjustment 

II 

892948-&A·A 

Figure 30 - Enlarging Striker at Bolt Hole 

• Mark the position of the door lock striker on the 
body using a pencil. 

• Door lock striker and any spacers. using J 
29843-9. 

E3 .Install or Connect 

NOTICE: See "Notice" 
section. 

on page 10-5-1 of this 

• Door lock striker bolt (65) and spacers (67), if 
needed, to location marked on the body using J 
29843-9. 

l~I Tighten 
• Striker bolt (65) to 53 N•m (39 lb. ft.) 

IL•I Inspect 
• Engagement of lock fork bolt to door lock 

striker. If adjustment is needed, refer to 
. "'Door Lock Striker Adjustment" in this 
section. 

1641 ANCHORPLATE ~ 
~ STRIKER BOLT 1671 

WASHER 

SPACER 

KC0031-105-f.RP 

Figure 31 - Installing Door Lock Striker 

Door Wedge Plate 
Figure 32 

To achieve a friction fit between the door and the 
wedge plate (70), silencers (68 and 69) can be remove( 
or added as required to . the wedge plate (70). The • 
addition of silencers (64 and 65) may require longer 
screws (72) to retain the wedge plate (70) to the door. 
Silencers (68 and 69) are available in 1 mm and 2 mm 
thickness. · · 

SILENCER 

SILENCER 

WEDGE PLATE 

B SCREW (SHORT) 

~ SCREW (LONG) 

KC0032-106.f..RP 

Figure 32 - Door Wedge Plate 



LOCK CYLINDERS 
Figure 33 

. l++I Remove or Disconnect 

• Raise the window all the way up. 
1. Door trim panel. Refer to "Door Trim Panel ... in 

this section. · 
2. Water deflector enough to expose access hole. 
3. Lock cylinder-to-lock rod from lock cylinder 

(63). 
CAUTION: If removing lock cylinder 
retainer (73) by hand, wear gloves to 
prevent personal injury. 

4. Lock cylinder retainer (73). 
• Slide retainer (73) forward using a 

screwdriver or a . similar tool until 
disengaged. 

• If removing the lock cylinder (63) by hand, 
grasp the anti-theft shield at the top of the 
retainer (73) and rotate until it is 
disengaged. 

5. Lock cylinder (63). 
6. Lock cylinder gasket (74). 
• For information on assembling and coding lock 

cylinders, refer to GENERAL BODY SERVICE 
PROCEDURES (SEC. 10-1). 

E3 Install or Connect 

Lubricate black lock cylinders with a light oil. 
Lubricate all other lock cylinders with a general 
purpose silicone lubricant. 

1. Lock cylinder gasket (74) to the lock cylinder 
(63). 

2. Lock cylinder (63) to the door. 
3. Retainer (73) to the shoulder of the lock cylinder 

(63). 
4. Lock cylinder-to-lock rod to the lock cylinder 

(63). 
S. Water deflector to the area from which it was 

previously removed. 
6. Door trim panel. Refer to "Door Trim Panel" in 

this section. 

Bell Crank (Power Door Locks) 

l++I Remove or Disconnect 

• Raise the window all the way. 
1. Water deflector. Refer to "Water Deflector• in 

this section. 
2. Center pin of the rivet retaining the bell crank to 

the door inner panel by punching out. 
3. Rivet using a 3/16-inch drill bit and a drill. 
4. Inside lock knob-to-bell crank rod from the bell 

crank. 
5. Bell crank-to-actuator rod from bell crank. 
6. Bell crank-to-lock rod from bell crank. 
7. Bell crank. 

j s3 I LOCK CYLINDER 

~ RETAINER 

DOORS 10-6-19 

l 14 I LOCK CYLINDER GASKET 

~ CUP 
KC0033-1 5-F.ffP 

Figure 33 - Lock Cylinder 

!++I Install or Connect 
Tool Required: 

J 34940 Rivet Gun 
1. Bell crank-to-actuator rod to the bell crank. 
2. Lock rod to the bell crank. 
3. Actuator rod to the bell crank. 
4. Tab on the bell crank to the slot in the door inner 

panel. 
5. Bell crank using a 3/16 x 5/16-inch rivet and J 

34940. 
6. Water deflector. Refer to "Water Deflector" in 

this section. 

DOORS 

l++I R~move or Disconnect 

Tool Required: 
J 28625-A Door-Hinge Spring Compressor 

• Steps 1 through 4 apply only to doors equipped 
with power operated components. 

1. Water deflector. Refer to "Water Deflector" in 
this section. 

2. Wire harness from all components in the door. 
3. Rubber conduit from the door. 
4. Wire harness from the door through the conduit 

access hole. 
• Tape the area on the door pillar and the body 

pillar ab9vc the lower hinge with cloth backed 
body tape. 



10.S.20 DOORS 

CAUTION: Before removing the door 
hinge spring, cover th_e spring with a 
shop cloth to prevent the spring from 
flying off and causing personal injury 
or damage. 

5. Door hinge spring using a long flat-bladed 
screwdriver or J 28625-A. 

• Using a screwdriver: 
• Insert the screwdriver under the pivot 

point of the hold-open link and over 
the top of the spring. Do not apply 
pressure to · the hold-open link. 

• Lift the screwdriver to disengage the 
spring. 

• Using J 28625-A: 
• Insert the blades of J 28625-A between 

the spring coils. 
• Tum the barrel nut to compress and 

hold the spring. 
• Remove the spring and J 28625-A 

from the hinge assembly. Do not 
remove the spring from J 28625-A. 

6. Hinge pin clips. 
• Spread the clip and move it above the recess 

in the pin. 
• As the pin is removed, the clip will ride on 

the pin, and fall free of the pin. 
7. Lower hinge pin. 

• With the aid of a helper to support the door, 
use a soft-headed hammer and locking-type 
pliers to remove the pin. 

• Insert a bolt into the hole of th~ lower hinge 
to maintain door attachment during upper 
hinge removal. 

8. Upper hinge bolts from the pillar using a 13 mm 
socket. 

9. Bolt from the lower hinge. 
10. Door from the body. 

E3 Install or Connect 

Tool Required: 
J 28625-A Door Hinge Spring Compressor 

• Before installing the door, replace the hinge pin 
clip, if available, or reuse the old clip. 

1. Door to the hinge straps with the aid of a helper. 
2. Insert a bolt into ~he hole of the lower hinge. 
3. Upper hinge bolts to the pillar. 
• Remove the bolt from the lower hinge. 
4. Lower hinge pin. 
5. Hinge spring. 

• Place the spring in J 28625-A. 
· • . Turn the barrel nut until the spring is fully 

compressed. 
• Position J 28625-A into position in the 

lower hinge. · 
• Tum the barrel nut of J 28625-A to release 

the spring. 
• Remove J 28625-A from the door hinge. 
• Check the operation of the spring. 

• Remove the tape from the door and the body 
pillars. 

6. Wiring harness for power operated components 
through the conduit acces., hole. 

7. Rubber conduit to the door. 
8. Wiring harness to .all the power-operated 

components in the door. · 
9. Water deflector. Refer to "Water Deflector" in 

this section. 

HINGES 
NOTICE: The door hinge components are 
important attaching ~arts in that they could affect 
the performance of vttal components and systems, 
and/ or could result in major repair expense. Each 
part must be replaced with one of the same part 
number or with an equivalent part if replacement 
is necessary. Do not use replacement parts of lesser 
quality or substitute design. Torque values must be 
used as specified during reassembly to assure 
proper retention of this part. 

The door hinges are made of steel and are welded 
to the door and bolted to the body hinge pillars. No 
adjustment provisions are used in this type system. The 
upper hinge is a one-piece type. The lower hinge is 
made up of a door side and body side strap with a 
removable hinge pin. The removable hinge pin . has a 
barrel type retaining clip and a serrated shank near the 
head which provides a friction fit with the mating 
surface on the hinge. All service hinge straps have holes 
to permit bolt-on installation. Tapped anchor plates 
must be used instead of nuts and washers to insurt 
structural integrity when replacing a door side hinge 
strap assembly. No service welding is required when 
replacing door hinge straps. The door lower hinge has 
an integral two stage hold-open feature. Door side and 
body side hinge straps, hinge pins, tapped anchor 
plates, hinge bolts and bushings are available as 
separate service parts. 

Door Side Hinge Strap 
Figures 34 through 37 

E3 Remove or Disconnect . 

1. Water deflector. Refer to "Water Deflector" in 
this section. 

2. Door. Refer to "Doors" in this section. 
• Punch the upper and lower inboard comers of the 

hinge straps (77 and 80) using a center punch. 
• Scribe the location of the door hmge straps (77 

and 80) on the door hinge pillar. rn Important 

• When drilling out welds, drill only deep 
enough to penetrate the hinge base in order 
to release the hinge from the panel. 

• Using a 1/8-inch hole as a guide, drill out the 
welds with a 1/2-inch drill bit. 

• A slight amount of weld may still retain the hinge 
base to the panel. If so, drive a chisel between the 
panel and the hinge base to separate the hinge 
from the panel. 



a Install or Connect _ 

NOTICE: Do not substitute. nuts and bolts for 
tapped anchor plates. Tapped anchor plates 
(available as service parts) must be used to 
maintain the structural integrity of the door hinge 
system. 

• Position the replacement bolt-on hinge within the 
scribe marks on the hinge pillar facing. 

• Punch the bolt hole locations in the hinge pillar 
using a center punch. 

• Drill the hinge attaching holes using a 1/2-inch 
drill bit. These holes will provide for some in and 
out door adjustment when reinstalling the door 
assembly. 

• Coat with a medium-bodied sealer the surface of 
the hinge strap that mates with the hinge pillar. 

1. Door hinge straps (77 and 80) within the scribe 
marks. 

NOTICE: See 'Notice" on page lQ..5-1 of this 
section. 

2. Bolts and service anchor plate. 

l~I Tighten 
• Bolts to 24 N ·m (18 lb. ft.). 

3. Door. Refer to •Doors" in this section. rn Important 

• When the hinge straps have been replaced 
and the door reinstalled, do not close the 
door completely until a visual check is made 
to determine if the lock fork bolt will 
correctly engage with the striker. 

4. Water deflector. Refer to "Water Deflector" in · 
this section. 

Body Hinge Side Strap 
Figure 38 

EJ Remove or Disconnect 

1. Door. Refer to "Doors• in this section. 
2. With a center punch, mark the location of the 

lower body hinge l!trap (81) on the body hinge 
pillar. 

3. One of the following items depending on which 
hinge strap is being repaired: 
• Left hand lower hinge. 

Remove left hand shroud trim panel. 
• Right hand lower hinge. 

- Remove right hand shroud trim panel. 
4. Noise control adhesive patch to gain access to the 

bolt which was installed from the inboard side of 
the car. 

5. Screw retaining VATS II relay to body, if 
equipped. 
• Move relay aside. 

6. Bolt ins~ed from the inboard side of the body 
using a 15 mm socket. · 

UPPER BODY HINGE STRAP 

UPPER DOOR HINGE STRAP 

SPRING 

HINGE PIN 

LOWER DOOR HINGE STRAP 

LOWER BODY HINGE STRAP 

HOLD OPEN LINK 

DOORS 10-6-21 

El 
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Figure 34 - Door Hinge System 

SCRIBE MARKS 

UPPER AND LOWER 
INBOARD CORNER 
(LEFT HINGE) 

G ' UPPER DOOR HINGE 
STRAP 

KC0035-105-f..RP 

Figure 35 - Removing Hinge Strap from Door 

7. Bolt installed from the outboard side using a 13 
mm socket. 

8. Lower body hinge strap (81) from the body. 

l++I Install or Connect 

1. Body hinge strap (76 and 81). 
• Using the original hinge strap, make a paper 

template. 
• Locate the centerline of the required bolt 

hole on the template. 
• Push a pen through the template at this 

location. 
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0 HINGE PIUAR 

~ HINGEBASE 

0 13mm l 1 /2-INCHI DRILL BIT 

0 TYPICAL MIG WELD 

0 GUIDE HOLE 3mm ( 1 /8-INCHI 

0 HINGE PILLAR REINFORCEMENT 
KC0036-105-F-RP 

Figure 36 - Door Hinge Weld 
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G UPPER DOOR HINGE STRAP 

! so I LOWER DOOR HINGE STRAP 

j a3! BOLT 

I 841 ANCHOR PLATE 

SECTIONB-B 

KC0037-106-F-RP 

Figure 37 - Installing Hinge Strap to Door 

• Align the template on the new hinge strap. 
• Center punch the new hinge strap using the 

hole in the template as a locator. 
• Drill a hole at the punch using an · 

11/32-inch drill bit. 
• Coat with a medium-bodied sealer the 

surface of the hinge strap that mates with 
the body pillar. 

• Hand start the boit (83) from the inside of 
the lower body hinge strap (77). 

NOTICE: See "Notice" on page 10-5-1 of this 
section. 

2. Bolt from the outside of the body through the 
lower hinge strap (81). 

l~I Tighten 
• Outside bolt (83) to 24 N · m (18 lb. ft.). 
• Inside bolt (83) to 47 N·m (35 lb. ft.). 

3. VATS II relay, if equipped. 
4. Noise control adhesive patch. 
5. Left or right lower shroud trim panel. 
6. Door. Refer to "Doors" in this section. 

rn Important 

• When the hinge straps have been replaced 
and the door reinstalled, do not close the 
door completely until a visual check is mad, 
to determine if the -lock fork bolt will 
correctly engage with the striker. 

GLASS 
Figures 39 through 42 

CAUTION: Wear approved safety 
glasses and gloves when performing 
these procedures to reduce the 
chance of personal injury if glass 
breakage occurs. a Remove or Disconnect 

1. Water deflector. Refer to "Water Deflector" in 
this section. 

• Raise the window to the half-up position. 
2. Rivets attaching the glass (98) to the regulator 

cam (38). 
3. Glass (98) from the window regulator cam (38) 

by raising the glass (98) out of the door inner 
panel. 

IL•l 1nspect 
• Bushings (202) and retainers (206) on the 

glass for damage. 
4. Bushings, if necessary, using a flat-bladed tool 

covered with cloth body tape. 

EJ Install or Connect 

1. Bushings (202) to the glass, if required. 
2. Glass up-stops (200) to the glass (98). 



~ UPPER BODY HINGE STRAP 

G UPPER DOOR HINGE STRAP 

~ LOWER BODY HINGE STRAP 

1831 BOLT 

KC0038-105-F-RP 

Figure 38 - Installing Body Hinge Straps 

NOTICE: See "Notice• on page 10-5-1 of this 
section. 

3. Bolts (201) retaining the glass up-stops (200) to 
the glass (98). · 

l~I Tighten 
• Bolts (201) to 6 N·m (53 lb. in.). 

• Lower the glass (98) into the door and position the 
glass (98) on the regulator cam (38) so that the 
holes in the regulator cam (38) line up with the 
holes in the bushings (202). 

4. Rivets holding glass (98) to window regulator 
cam (38). rn Important 

• Before installing the trim parts, check the 
window for proper tit to the roof rail 
weatherstrip and proper functioning. 

5. Water deflector. Refer to "'Water Deflector"' in 
this section. 

Window Glass Adjustment 
Figure 39 

DOORS 10-5-23 

In the following steps the trim panel, the door 
armrest, _and the_ water deflector must be ~emo~ed ptj~!' 
to making adJustments. The followmg mdicates 
conditions and corrections for window adjustments. 

• Window rotated. 
• Loosen the guide stabilizer (86). 
• Adjust the inner panel cam by loosening the 

bolts (92). 

NOTICE: See "Notice• on page 10-5-1 of this 
section. 

l~I Tighten 

• Bolts (92) to 11 N · m (97 lb. in.). 
• Window upper edge inboard or outboard. 

• Loosen glass run retainer bolts (87 and 94) at 
belt. 

• Loosen the iri and out adjustment bolt (301) 
on the front up stop (303). 

• Loosen the two lower bolts (37) on the 
window guide cam support. 

• Adjust the glass (98) to the desired position. 
NOTE: Some adjustment of the glass run retainer 
at the belt may be required. 

l~I Tighten 
• Bolts (37) to 11 N·m (97 lb. in.). 

• Window too far forward or rearward. 
• Loosen window glass run retainer bolts 

(87). 
• Roll up glass half way. 
• Loosen window guide cam bolts (91). 
• Position glass, as needed. 

l~I Tighten 

• Bolts (37) to 11 N·m (97 lb. in.). 
• Window too high or too low in the up position. 

~ Adjust 

• Front and rear up-stops, as necessary. 
• . Window binds. 

• Ease of window operation and stability 
depend to a great extent on the guide 
stabilizers at the belt line. Contact should be 
enough to stabilize the glass but not restrict 
window operation. 

l~I Adjust 

• Glass stabilizers. 
• Raise glass to full up position. 
• Loosen stabilizer bolts (89). 
• Apply a slight pressure outward on 

the door glass (98) at the beltline. 

NOTICE: See •Notice" on page 10-5-1 of this 
section. 
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l~I Tighten 

• Stabilizer bolts (89) to 12 N ·m (106 lb. 
. in.). 

REGULATORS 

l+-+I Remove or Disconnect 

1. Water deflector. Refer to "Water Deflector" in 
this section. 

• Raise the window half way up. 
• Hold the window in place by inserting rubber 

wedge door stops at the front and the rear of the 
window between the window and the door inner 
panel. 

2. Window guide cam. Refer to "Window Guide 
Cam" in this section. 

3. Inner panel cam. Refer to "Inner Panel Cam" in 
this section. 

4. Center pins of the regulator rivets by punching 
out. 

~ BOLT 

~ BOLTS 

~ NUTS 

~ BOLT 

~ RIVET 

I 891 BOLTS 

~ BOLTS 

~ RIVET 

~ 
~ 
~ NUT 

~ BOLT 

5. Rivets using a 1/4-inch drill bit. 
• Move regulator (and motor, if equipped) 

rearward . 
6. Wire connector from window regulator motor 

(107) if equipped. 
7. Roller on the regulator lift arm from the 

regulator cam. 
8. Regulator (and motor if equipped) through rear 

access hole. 

1-++1 lnstalf or Connect 

· Tool Required: 
J 34940 Rivet Gun 

1. Regulator (and motor if equipped) through rear 
access hole. 

2. Lift arm roller into the regulator cam. 
3. Wire connector to window regulator motor (107) 

if equipped. 
4. Regulator to inner panel using J 34940 and 

1/4-inch peel type rivet. 

1941 ADJUSTING STUD AND NUT 

I ssl GLASS 

j301I IN/OUT ADJUSTMENT BOLT 

~ BRACKET 

~ GLASS UP STOP 130~ FRONT UP STOP 

KC0139-101-F-RP 

Figure 39 - Glass Adjustments 
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Figure 40 - Door Hardware and Glass 

• If J 34940 is not available use the following 
nut and bolt method. 

• Install U-clips on the regulator at 
attaching locations. Be sure to install 
the clips with clinch nuts on the 
outboard side of the regulator. 

• Locate the lift arm roller into the 
regulator cam. 

• Align the regulator with the clinch 
nuts to the holes in the inner door 
panel. 

• Attach the regulator to the door inner 
panel using M6.0 x 1 x 13 (1/4-20 x 
1/2-inch) bolts into 6 mm (1/4-inch) 
nuts with integral washers. 

NOTICE: See "Notice" on page 10-5-1 of this 
section. 

l~I Tighten 

• Bolts to 12 N·m (106 lb. in.). 
5. Inner panel cam. 
6. Window guide cam. 

IL•l tnspect 
• Window regulator operation. 
• Door glass adjustments and make 

adjustments as needed. 
7. Water deflector. Refer to "Water Deflector" in 

this section. 

SOLENOIDS 
Power Door Lock Actuator 
Figure43 

The power door lock system has a motor actuator 
in each door. A rod connects the actuator to the bell 
crank. A rod on the bell crank attaches to the lock 
assembly. The system is actuated by a control switch 
in each door trim panel. Both doors lock and unlock 
at the same time from either control switch. Each lock 
can also be operated manually by sliding the locking 
knob in the desired direction. The locking knob shows 
red when in the unlocked position. Each actuator has 
an internal circuit breaker which may require one to 
three minutes to reset. 

l++I Remove or Disconnect 

1. Water deflector. Refer to "Water Deflector" in 
this section. 

• Raise the window all the way. 
2. Electrical connector (106) to power door lock 

actuator (104). 
3. Rivet center pins by driving out. 
4. Rivets (105) using a 1/4-inch drill bit. 
5. Power door lock actuator (104) from the actuator 

rod (103). 
6. Power door lock actuator ( 104) from the door 

inner panel. 

E) Install or Connect 

Tool Required: 
J 34940 Rivet Gun 
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Figure 41 - Up-Stops and Bushings to Door Glass 

0 RUBBER WEDGE DOOR STOPS 
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Figure 42 - Propping Door Glass 

1. Power door lock actuator (104) to door inner 
panel using J 34940 and 1/4 x 1/2-inch 
aluminum peel type rivets. 
• If a hand rivet tool is not available, attach 

the power door lock actuator (104) to the 
door inner panel using M6.0 x 1 x 13 
(1/4-20 x 1/2-inch) nuts and bolts. 

NOTICE: See •Notice" on page 10-5-1 of this 
section. 

~ ACTUATORROD 

CJ POWER DOOR LOCK 
~ ACTUATOR 

~ RIVET 

~ CONNECTOR 
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Figure 43 - Power Door Lock Actuator 



~ Tighten 

• Bolts to 12 N · m (106 lb. in.). 
2. Electrical connector (106) to power door lock 

actuator (104). 
3. Actuator rod to power door lock actuator (104). 
4. Water deflector. Refer to "Water Deflector" in 

this section. 

MOTORS 

Window Regulator Motor 
Figure 44 

l+-+I Remove or Disconnect 

CAUTION: If electric motor removal 
from the regulator is required, the 
sector gear must be locked in position. 
The regulator lift arm is under tension 
from the counterbalance spring and 
could cause personal injury if the 
sector gear is not locked in position. 

1. Window regulator (and motor if equipped). Refer 
to "Window Regulator;' in this section. 

• Drill a hole through the window regulator sector 
gear and backplate. 

• Install a bolt and a nut to lock the sector gear into 
position. 

2. Rivets holding motor (107) to window regulator 
(81) by a 3/16-inch drill bit and a drill. 

3. Window regulator motor (107) from the window 
regulator (85). 

1-++I Install or Connect 

Tool Required: 
J 34940 Rivet Gun 

DOORS 10-5-27 

1. Window regulator motor ( 107) to the window 
regulator (85) using J 34940, or equivalent and 
3/16-inch nuts and bolts. 

• Remove the bolt and nut used to secure the sector 
gear into position during the removal procedure. 

2. Window regulator and motor. Refer to "Window 
Regulator• in this section. 

0 HOLE (SECTOR GEAR LOCKING! 

~ WINDOW REGULATOR 

l101l WINDOW REGULATOR MOTOR 
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Figure 44 - Window Regulator and. Motor 

SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

Map Pocket-to-Door Trim Panel Nut ............................................................ 1.4 N ·m (12 lb. in.) 
Armrest Attaching Screws .............................................................................. 6.0 N·m (53 lb. in.) 
Trim Pad Switch/Remote Handle Mount Panel Screws ............................... 0.5 N-m (4 lb. in.) 
Door Lower Air Deflector Screws .. ............ ........ .. .......... ......... ........... ......... ... 1.4 N · m ( 12 lb. in.) 
Outside Handle Nuts ............... ......... .... ....... ................................. ...................... 7 N · m ( 62 lb. in.) 
Power Door Lock Switch Screws ..................................................................... 0.5 N ·m (4 lb. in.) 
Mirror Touch Control Switch Screws .............................................................. 0.5 N·m (4 lb. in.) 
Window Guide Cam Bolts ............................................................................... 11 N · m (97 lb. in.) 
Inner Panel Cam Bolts . .. . ... . .... ....... .......... .... .. . ......... ... ...... .. ...... ... .. . ...... ... .... .. .. 11 N • m (97 lb. in.) 
Window Glass Run Channel Retainer Support 

Bolts .......................................................................... ..................................... 11 N · m (97 lb. in.) 
Nuts ..................................... .......................................................................... 11 N·m (97 lb. in.) 

Mirror-to-Door Nuts ........ .................................................................................. 5 N ·m (44 lb. in.) 
Mirror Escutcheon Screws .. .... '. ......................................................................... 0.5 N ·m (4 lb. in.) 
Door Lock Screws ..... ......... .... ...... ....... .......... ...... ....... ... . .. .... .................. .... .. . ..... 8 N · m (71 lb. in.) 
Door Lock Striker Bolts .............................................. ..................................... 53 N ·m (39 lb. ft.) 
Anchor Plate Bolts (Hinge) ......................................................... ....................... 24 N•m (18 lb. ft.) 
Body Side Hinge Strap Bolts 

Outside ........................................................................................................... 24 N·m (18 lb. ft.) 
Inside .............................................................................................................. 47 N ·m (35 lb. ft.) 

Window Glass-to-Up-Stop Bolts ........................................................................ 6 N ·m (53 lb. in.) 
Actuator-to-Door Inner Panel Bolts .............................................................. 12 N·m (106 lb. in.) 
Pressure Relief Valve Screw ............ ... . ......... ............... ............ .... .. ... . .. ......... ... 1. 7 N · m ( 15 lb. in.) 
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SPECIAL TOOLS 

J 28625-A 

J21104-B 

J 29843-9 · 

J 24595-B 

J25070 

~ UNIVERSAL 

GJ WEATHERSTRIP REMOVER DOOR HINGE SPRING 

0 
COMPRESSOR 

DOOR HANDLE CLIP GJ REMOVER T 4 7 TORX SOCKET 

0 DOOR TRIM PAO ANO. [~ HEAVY DUTY RIVET 
GARNISH CLIP REMOVER GUN 

0 HEAT GUN 1500° TO 750°FJ 
UNIVERSAL 

K 45-106-F-RP 



REAR QUARTERS 10-6-1 

SECTION 10-6 

REAR QUARTERS · 
The following •Notice" applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: "NOTICE: See "Notice" on page 10-6-1 
of this section.• 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed If a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or systems damage 
could result. 

NOTICE: The anti-theft label found on some major sheet metal, engines, and transmissions must be masked 
prior to painting, rustproofing, undercoating, etc. The mask MUST be removed following the above operations. 
Failure to keep the label clean and readable may result in liability for violation of Federal Vehicle Theft Prevention 
Standard, and subject the vehicle owner to possible suspicion that the part was stolen. 

CONTENTS 
Quarter Trim - Interior ..................................... 10-6-1 

Quarter Upper Panel ............................... : ..... 10-6-1 
Upper Body Lock Pillar Panel ...................... 10-6-2 
Quarter Upper Trim Foundation .................. 10-6-3 
Rear Bumper Fascia Extension ..................... 10-6-3 
Stowage Compartment Trim and 

Lock Assembly ........................................... 10-6-3 
Quarter Inner Upper Trim Cap (Convertible) 10-6-4 
Quarter Trim Panel (Convertible) 10-6-4 
Quarter Cap Belt Molding (Convertible) 10-6-5 
Rear Quarter Speakers ................................... 10-6-5 

Standard Speakers ...................................... 10-6-5 
Quarter Lower Panel ...... -............................... 10-6-5 
Spare Tire Cover ............................................ 10-6-7 

QUARTER TRIM· INTERIOR 

QUARTER UPPER PANEL 
Figures 1 through 4 

Tool Required: 
J 29843-9 Door Lock Striker and Seat Belt 
Torx Wrench 

E3 Remove or Disconnect 

• Raise compartment lift window. 
1. Shade cover and supports, if equipped. Refer to 

"'Luggage Compartment Shade Cover Assembly 
and Supports" in this section. 

2. Upper body lock pillar panel. Refer to "Upper 
Body Lock Pillar Panel" in this section. 

• Lower the folding seatback. 
3. Coat hook screw (1) and coat hook (2). 
4. Compartment lift support mount cover. Refer to 

BODY REAR END (SEC. 10-7). 
5. Striker bolt (4), and rear seatback lock striker (5). 

Pressure Relief Valve . .. ... ............................... 10-6-7 
Quarter Trim - Exterior .................................... 10-6-9 

Exterior Moldings ··:····························· .. ········ 10-6-9 
Molding, Nameplate and Emblem 

Retention ......... ... ............ .. ........... .............. .. 10-6-9 
Roof Drip and Quarter to Body 

Reveal Molding .......................................... 10-6-10 
Spoiler Extension .......................................... 10-6-10 
Locking Fuel Door Assembly ...................... 10-6-10 

Fuel Tank Pocket ...................................... 10-6-11 
Fuel Tank Filler Door (Standard) ............ 10-6-11 

Luggage Compartment Shade Cover 
Assembly and Supports .............................. 10-6-11 

Special Tools ...................................................... 10-6-13 

• Insert J 29843-9 in striker bolt and loosen striker 
bolt. 

6. Spare tire cover, if removing the right quarter 
upper panel (9). Refer to "Spare Tire Cover• in 
this section. 

• If removing the left-hand quarter upper trim 
panel, remove the rear end trim panel. Refer to 
BODY REAR END (SEC. 10-7). 

7. Screw (6) from upper end of quarter upper panel 
(7 or 9). 

8. Quarter upper panel (7 or 9). 

• Lift up on quarter upper panel (7 or 9) to 
remove pre-installed fasteners on quarter 
upper panel (7 or 9) from pre-installed nuts 
in quarter inner panel area. 

E3 Install or Connect 

1. Quarter upper panel (7 or 9). 

• Position to back edge of quarter upper trim 
foundation (8 and 14). Apply downward 
pressure to press pre-installed fasteners in 
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quarter upper panel (7 or 9) to pre-installed 
nuts in quarter inner panel area. 

2. Screw (6) from upper C!)d of quarter upper panel 
(7 or 9). 

• If installing the left-hand quarter upper trim 
panel, install the rear end trim panel also. Refer 
to BODY REAR END (SEC. 10-7). 

3. Spare tire cover, if installing right quarter upper 
panel (9). Refer to "'Spare Tire Cover" in this 
section. 

4. Rear seatback lock striker (5) and striker bolt (4). 
• Insert J 29843-9 in striker bolt and tighten 

to 50 N ·m (37 lb. ft.). 
5. Compartment lift support mount cover (3). Refer 

to BODY REAR END (SEC. 10-7). 
6. Coat hook (2) and coat hook screw (1). 
7. Upper body lock pillar panel. Refer to "'Upper 

Body Lock Pillar Panel" in this section. 
8. Luggage shade cover and supports. Refer to 

"Luggage Compartment Shade Cover and 
Supports"' in this section. 

UPPER BODY LOCK PILLAR PANEL 
Figures 1 through 3 

Tool Required: 
J 24595-C Trim Pad Remover 

E) Remove or Disconnect 

1. Screws (10). 
2. Upper body lock pillar panel (11 or 13). 

0 
0 NUT{INSTALLED) 

E] COATHOOKSCREW . 

0 COATHOOK 

0 COMPARTMENT LIFT SUPPORT MOUNT COVER 

0 STRIKER BOLT 

0 ··REAR-SEATBACK LOCK STRIKER 

0 SCREW 

0 LEFT QUARTER UPPER PANEL 

0 LEFT QUARTER UPPER TRIM FOUNDATION 

ez] QUARTER LOWER PANEL 

0 RIGHT QUARTER UPPER PANEL 

KC0020.106-F-RP 

Figure 2 - Right Quarter Upper Panel 

• Lift off quarter upper panel. 

E3 Install or Connect 

1. Upper body lock pillar panel (11 or 13) to quarter 
upper panel (7 or 9). 

• Press in firmly onto quarter upper panel. 

2. Screws (10). 

SECTIONC•C 

KC 011-10 RP 

Figure 1 - Left Quarter Upper Panel 
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SECTION A-A 
SECTION B-B 

RIGHT QUARTER UPPER PANEL 

SCREW 

UPPER BODY LOCK PILU\R PANEL 
(COUPE) 

NYLON FASTENER 

UPPER BODY LOCK PILLAR PANEL 
(CONVERTIBLE} 

QUARTER LOWER PANEL 
KC0031-106-l'-RP 

Figure 3 - Upper Body Lock Pillar Panel 

QUARTER UPPER TRIM FOUNDATION 
Figures 1 and 4 

l+-+I Remove or Disconnect 

1. Coat hook screw (1), coat hook (2). 
2. Quarter upper trim foundation (8 or 14). 

• Grasp quarter upper trim foundation (8 or 
14) with hand and pull upward to disengage 
retainers from cutout slots in quarter upper 
panel (7 or 9). · 

E3 Install or Connect 

1. Quarter upper trim foundation (8 or 14). 
• Push in to engage retainers in cutout slots 

in quarter upper panel (7 or 9). 
2. Coat hook (2) and coat hook screw (1). 

REAR BUMPER FASCIA EXTENSIQ,N. 

For information on rear bumper fascia extension 
refer to FRONT END BODY PANELS (SEC. 2C). 
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CUTOUT SLOTS 

RETAINER 

COA THOOK SCREW 

COATHOOK 

RIGHT QUARTER UPPER PANEL 

RIGHT QUARTER UPPER TRIM 
FOUNDATION 

SECTION A-A 

KC0040-108-F.R P 

Figure 4 - Quarter Upper Trim Foundation 

STOWAGE COMPARTMENT TRIM AND LOCK 
ASSEMBLY 
Figures 5 and 6 

The stowage compartment trim ( 15) is located in 
the left quarter upper panel (7). The stowage 
compartment door (17) is equipped with a lock 
cylinder (18). The lock cylinder (18) is secured in the 
stowage compartment door (17) with a lock retainer 
(19). The stowage compartment trim (15) is serviced as 
a flat, scored hardboard material that is folded at the 
scored lines to form the compartment box. To retain 
the box shape, it is stapled together along the sides. The 
prepierced holes in the stowage compartment trim (15) 
are aligned and positioned with studs located on the 
back side of the left quarter upper panel (7). Nuts (16) 
are used to retain the stowage compartment trim (15) 
to the left upper quarter panel (7). a Remove or Disconnect 

• Open compartment lift window and stowage 
compartment door (17). 

I. Lock retainer (19). 
2. Lock cylinder (18). 
3. Nuts (16). 
4. Stowage compartment trim (15). 

E3 Install or Connect 

1. Stowage compartment trim (15) to studs in left 
quarter upper panel (7). 

2. Nuts (16). 
3. Lock cylinder (18). 
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0 STAPl.ES 

0 SCORE LINES 

0 LEFT QUARTER UPPER PANEL 

~ STOWAGECOMPARTMENTTRIM 

~ NUT 

KC 60-1011-f'.RP 

Figure 5 • Stowage Compartment Installation 

4. Lock retainer (19). 

QUARTER INNER UPPER TRIM CAP 
(CONVERTIBLE) 
Figures 7. and 9 

EJ Remove or Disconnect 

1. Convertible top. Refer to ROOF AND 
CONVERTIBLE TOP(SEC. 10-8). 

2. Screws (20). 
3. Quarter-inner upper trim cap (21). 
4. Screws (22). 
5. Safety belt bezel (23). 

E3 Install or Connect 
1. Safety belt bezel (23). 
2. Screws (22). 
3. Quarter inner upper trim cap (21). 
4. Screws (20). 
5. Convertible top. Refer to ROOF AND 

CONVERTIBLE TOP (SEC. 10-8). 

SECTION A-A 

[!z) STOWAGE COMPARTMENT.DOOR 

G:!) LOCK CYLINDER 

~ LOCK RETAINER 
KCOOII0-1M- P 

Figure 6 - Stowage Compartment Door Lock Assembly 

QUARTER TRIM PANEL (CONVERTIBLE) 

Figure 7 

EJ Remove or Disconnect 

1. Rear safety belt cushion. Refer to SEA TS (SEC. 
10-9). 

2. Sill plate. 
3. Quarter inner upper trim cap (21). Refer to 

"'Quarter Inner Upper Trim Cap" in this section. 
4. Cort welt (24). 
5. Screws (25). 
6. Speaker wire connectors. 

• Pull quarter trim panel (26) out. 
• Push safety belt through slot in quarter trim 

panel (26). 
7. Quarter trim panel (26). 

E3 Install or Connect 

1. Quarter trim panel (26). 



• Position quarter trim panel (26) to quarter 
lower panel. Refer to "Quarter Lower 
Panel" in this section. 

• Thread safety belt through slot in quarter 
trim panel (26). 

2. Wire connector to speaker. 
3. Screws (25). 
4. Cort welt (24). 
5. Quarter inner u:pper trim cap. Refer to "Quarter 

Inner Upper Tnm Cap" in this section. 
6. Sill plate. 
7. Rear safety belt cushion. Refer to SEATS (SEC. 

10-9). . 

QUARTER CAP BELT MOLDING 
(CONVERTIBLE) 
r,gures 7 and B 

The quarter cap belt moldings (27) are attached 
to the body by screws (28) and adhesive tape. The 
quarter cap belt molding (27) can be removed from the 
body with the use of a hot air gun to break the adhesive 
tape bond. 

NOTICE: When removing or installing quarter 
cap belt molding, care should be exercised. 
Adjacent finishes should be protected to prevent 
damage to finish. Proper tools and care should be 
used to guard against molding damage. 

E3 Remove or Disconnect 

1. Quarter inner upper trim cap (21 ). Refer to 
"Quarter Inner Upper Trim Cap" in this section. 

2. Screws (28). 
3. Quarter cap belt molding (27). 

• Using a hot air gun held about 12 inches 
from the surface, apply heat in a circular 
motion, and carefully lift the quarter cap 
belt molding (27) from the body surface. 

~ Clean 

• Quarter trim panel (26) area with soap and 
water and wipe dry. . 

• Wipe quarter trim panel (26) and adhesive 
side of quarter cap belt molding with a clean 
rag using oil-free naphtha or alcohol to 
remove all traces of adhesive tape from the 
quarter trim panel (26) and back side of 
quarter cap belt molding (27). 

E3 Install or Connect 

1. A double-coated adhesive automotive attachment 
tape to the quarter cap belt molding (27). 

2. Quarter cap belt molding (27). 
• Warm quarter trim panel (26) with heat 

lamp or heat gun about 21°C (70"F). 
• Align quarter cap belt molding (27) and 

press firmly in place. 
3. Screws (28). 
4. Quarter inner upper trim cap (21 ). Refer to 

"Quarter Inner Upper Trim Cap" in this section. 
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REAR QUARTER SPEAKERS 
Tool Required: 

J 24595-C Trim Pad Remover 
The r~ quarter speakers are installed to a 

speaker retainer. The speaker retainer and speakers are 
then attached to the quarter inner panel by bolts. 

Standard Speakers 

E3 Remove or Disconnect 

1. Coat hook screw and coat hook. 
2. Quarter upper trim foundation. 
3. Electrical connector from upper speaker. 
4. Bolts securing speaker retainer. 
5. Upper speaker. 

I++! Install or Connect 
1. Upper speaker to retainer and quarter inner panel. 
2. Bolts. 
3. Electrical connector. 
4. Right quarter upper trim foundation. 
5. Coat hook and coat hook screw. 

QUARTER LOWER PANEL 
Figures 1, 3, 4, and 9 

E] Remove or Disconnect 

Tool Required: 
J 29843-9 Door Lock Striker and Seat Belt 
Torx Wrench 

1. Upper body lock pillar panel (11 or 13). Refer to 
"Upper Body Lock Pillar Panel" in this section. 

2. Striker bolt (4) and rear seatback lock striker (5). 
• Using J 29843-9, loosen striker bolt (4). 

3. Retaining screw (35) from the rear of quarter 
lower panel (3 7). 

4. Rear screws from sill plate. 
5. Safety belt (36). 

• Feed safety belt (36) through slot in quarter 
lower panel (37). 

6. Quarter lower panel (37). 
• Grasp quarter lower panel (37) with hand, 

pull forward and down to disengage from 
pinchweld flange at weatherstrip and 
quarter upper trim foundation (8 or 14). 

• Lift up on rear portion of sill plate and then 
pull panel inward to remove. 

E3 Install or Connect · 

1. Quarter lower panel (37). 
• Position quarter lower panel to pinchweld 

flange at weatherstrip and quarter upper 
trim foundation (8 or 14). 

2. Safety belt (36). 
• Feed safety belt (36) through slot in lower 

panel (37). 
3. Rear screws from sill plate. 
4. Retaining screw (35) to rear of quarter lower 

panel (37). 
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~ SCREW 

e!) QUARTER INNER UPPER TRIM CAP 

§1 SCREW 

~ SEAT BELT BEZEL 

~ CORTWELT 

~ SCREW 

~ QUARTER TRIM PANEL 

Figure 7 - Quarter Inner Upper Trim (Convertible) 
It 0070.108-F-RP 



. ~ 

0 ADHESIVE TAPE 

ez) QUARTER CAP BELT MOLDING 

el SCREW 

REAR QUARTERS 10-6-7 

K~080-10U-RP 

Figure 8 - Quarter Cap Belt Molding (Convertible) 

5. Rear seatback striker (5) and striker bolt (4). 
• Using J 29843-9 tighten striker bolt ( 4) to 50 

N ·m (37 lb. ft.). 
6. Upper body lock pillar panel (11 or 13). Refer to 

•upper Body Lock Pillar Panel" in this section. 

SPARE TIRE COVER 

Figure 10 a Remove or Disconnect 

1. Fasteners (39), from nuts (40). 

2. Spare tire cover (38). 

• Grasp spare tire cover with hand and pull 
upward to disengage retaining tabs from 
slots in the rear compartment floor. 

E3 Install or Connect 

1. Spare tire cover (38). 

• Push cover downward to engage retaining 
tabs with slots in the rear compartment 
floor. 

2. Fasteners (39), to nuts (40). 

PRESSURE RELIEF VALVE 
Figurs 11 

The pressure relief valve (41) is attached to body 
lock pillar (in door opening below bolt) with a 
louver-to-lock pillar screw (42). 

l++I Remove or Disconnect 

1. Louver-to-lock pillar screw (42). 
2. Pressure relief valve (41). 

• Slide louver up to disengage hook-type 
attaching clip. 

E3 Install or Connect 

1. Pressure relief valve (41). 
• Engage hook-type attaching clip. 

2. Louver-to-lock pillar screw (42). 



10~ REAR QUARTERS 

~ RETAINING SCREW 

~ SAFETY BELT 

~ QUARTER LOWER PANEL 

KCOt0t-108-F.flP 

Figure 9 - Quarter Lower Panel 

0 RETAINING TAB 

e!] SPARE TIRE COVER 

~ FASTENER 

§) NUT 

SECTION A-A 

KC0200-106-"·RP 

Figure 10 - Spare Tire Cover 



~- VALVE 

~ SCREW 

KC0300-1011-NP 

Figure 11 - Pressure Relief Valve 

QUARTER TRIM - EXTERIOR 

EXTERIOR MOLDINGS 
Exterior moldings are secured to the body by any 

one or a combination of attaching screws, weld studs 
and adhesive (urethane or butyl tape). 

NOTICE: When removing or installing any lower 
quarter exterior molding, embl~ or nameplate, . 
care should be exercised. Adjacent finishes should 
be covered with masking tape to prevent damage 
to finish. Proper tools and care should be used to 
guard against molding damage. Holes in body 
panels for screws, bolts or clips that would permit 
water entry into the body interior must be sealed 
with body caulking ~ompound or presealed screws, 
nuts or clips. 

MOLDING. NAMEPLATE AND EMBLEM 
RETENTION 
F",gure 12 

E3 Remove or Disconnect 

• Emblem molding or nameplate (43) from 
bodysurface. 
• Hold hot air gun 12 inches from the surface 

of the part to be removed. 
• Apply heat, using a circular motion for 

about 30 seconds. 
• Using care, peel part from surface. 

REAR QUARTERS 10-8-9 

E3 Install or Connect 

• Molding, emblem or nameplate ( 43) firmly into 
place. 

~ Clean 
• · Body surface must be warm - 21°C (70"F), 

clean and wax free. 
• If reinstalling a previously removed part, or 

a partially loosened molding, emblem, or 
nameplate, apply a thin, even film of part 
number 1052621 adhesive, or equivalent to 
adhesive portion of emblem, align and press 
firmly into place. 

~ NAMEPLATE 
ICC0400-1ff.NIP 

Figure 12 - Molding, Nameplate and Emblem Retention 
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ROOF DRIP AND QUARTER TO BODY REVEAL 
MOLDING 
Figure 13 

E3 Remove or Disconnect · 

1. Weatherstrip (44). 
2. Screws ( 45). 
3. Molding (46). 

E3 Install or Connect 

1. Molding ( 46). 
2. Screws (45). 
3. Weatherstrip (44). 

SPOILER EXTENSION 
Figure 14 

l++I Remove or Disconnect 

1. Spare tire panel. Refer to "Spare Tire Cover" in 
this section. 

2. Left quarter upper panel. Refer to "Quarter 
Upper Panel" in this section. 

3. Plugs (47). 
4. Retaining nut (48). 
5. Spoiler extension (49) and washer (50). 

E3 Install or Connect 

1. Spoiler extension (49) .and washer (50). 

~ WEATHERSTRIP 

~ SCREWS 

~ MOLDING 

2. Retaining nuts ( 48). 
3. Plug (47). 
4. Left quarter upper-panel Refer to '"Left Quarter 

Upper Panel• in this section. 
5. Spare tire cover. Refer to "Spare Tire Cover• in 

this section. 

LOCKING FUEL DOOR ASSEMBL V 
Figure 15 

The fuel tank pocket (52) and fuel tank filler door 
(54) is available with an optional locking fuel door 
assembly (56). The oval key (57) is used to lock and 
unlock the locking fuel tank filler door assembly (56). 
The lock assembly (60) is secured in the locking fuel 
tank filler door assembly (56) with a clip retainer (61). 

E3 Remove or Disconnect 

1. Gas cap. 
2. Screw (62). 
3. Locking door assembly (56). 
4. Gasket (63) and shim (64). 
5. Clip retainer (61). 
6. Lock assembly (60). 

1-++l lnstall or Connect 

1. Lock assembly ( 60) to locking fuel tank filler door 
assembly (56). 

2. Clip retainer (61). 
3. Gasket (63) and shim (64) onto .locking fuel tank 

filler door assembly (56). 

SECTION B-8 

SECTION A-A 
KC0600.106,f.RP 

Figure 13 - Installing Roof Drip and Quarter To Body Reveal Molding 



fil] PLUG E!1 
~ RETAINING NUT 

~ EXTENSION 

~ WASHER 
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Figure 14 - Spoiler Extension - Quarter Rear 

4. Locking fuel tank filler door assembly (56). 
• Insert the locking fuel tank filler door assembly 

into the fuel tank pocket (52). 
5. Screw (62). 
6. Gas cap. 

Fuel Tank Pocket 
Figure 15 

E3 Remove or Disconnect 

1. Fuel tank filler door. Refer to "Fuel Tank Filler 
Door (Standard)" in this section. 

2. Screw (51). 

REAR QUARTERS 10-6-11 

3. Fuel tank pocket (52). 

Ef Install or Connect 

1. Fuel tank pocket (52) to body. 
2. Screw (51). 
3. Fuel tank filler door .. Refer to "Fuel Tank Filler 

Door (Standard)" in this section. 

Fuel Tank Filler Door (Standard) 
Figure 15 

l++I Remove or Disconnect 

1. Screws (55). 
2. Gas cap. 
3. Fuel tank filler door (54) and gasket (53). 

• Lift fuel tank filler door ( 54) from fuel tank 
pocket (52). a Install or Connect 

1. Fuel tank filler door (54) and new gasket (53). 
• Insert in fuel tank pocket (52). 

2. Screws (55): 
3. Gas cap. 

LUGGAGE COMPARTMENT SHADE COVER 
ASSEMBLY AND SUPPORTS 
Figures 1, 2, 16, and 17 

l++I Remove or Disconnect 

1. Shade cover ( 66). 
• Grasp shade cover (66) with hand and pull 

rearward to disengage from retainers ( 67) 
mounted on the lift window inner cover 
stiffener. 

• Lift shade cover ( 66) up and off from 
supports (68) on left and right quarter upper 
panels (7 and 9). 

2. Screws (69). 
3. Supports (68). 

Ef Install or Connect 

1. Supports (68). 
2. Screws (69). 
3. Shade cover (66). 

• Engage to supports (68) mounted on left 
and right quarter upper panels (7 and 9). 

• Engage· to retainers (67) mounted on the lift 
window inner cover stiffener. 
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LOCKING FUEL DOOR ASSEMBLY 
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SCREW 

GASKET 

SHIM 
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0701-10~P 

Figure 1 5 • Fuel Filler Doors 



~ SHADE COVER 

~ SUPPORT 

~ SCREWS 
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Figure 16 - Luggage Compartment Shade Cover 

RETAINER SLOTS 

SHADE COVER 

RETAINER 
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KC0900-106-F-RP 

Figure 17 - Luggage Compartment Shade Cover 
Retainer 

SPECIAL TOOLS . 

GJ J 24595-C 

0 ~ J 29"43-9 

GJ TRIM PAD REMOVER 

0 DOOR LOCK STRIKER AND SEATBELT TORX WRENCH 

KC1000-106-F-RP , 
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SECTION 10-7 

BODY REAR END 
The following "Notice" applies to one or more steps in the as.sembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: "NOTICE: See "Notice" on page 10-7-1 
of this section." 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. Ha fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 
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Rear Compartment Trim and Electrical ......... 10-7-2 

Rear End Trim Panel Replacement ............ 10-7-2 
Lower Electrical Contact 

Replacement .............................................. 10-7-2 
Luggage Compartment Lamp ...................... 10-7-2 

Bulb Replacement .................................... 10-7-2 
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Load Floor Panel Lock Cylinder 

Replacement .............................................. 10-7-3 
Load Floor Panel Striker 

Replacement .............................................. 10-7-3 
Rear Compartment Carpet 
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REAR COMPARTMENT TRIM AND 
ELECTRICAL 

REAR END TRIM PANEL REPLACEMENT 
Figure 1 

l++I Remove or Disconnect 

• Open compartment lift window. 
• Open load floor panel, if equipped. 
1. Load floor storage compartment striker, if 

equipped. 
2. · Plastic fasteners (3) at both sides of rear end trim 

panel (1). · 
3. Screws (2) at top of rear end trim panel (1) near

lower electrical contact (5). 
• Lift up on rear end trim panel (1) to disengage 

trim panel lower retaining tabs. 
4. Wiring harness from lower electrical contact (5) 

and luggage compartment lamp (6). 
5. Rear end trim panel (1) from rear compartment. 

E3 Install or Connect 

1. Rear end trim panel (1) into rear compartment. 
2. Wiring harness to lower electrical contact (5) and 

luggage compartment lamp (6). 
• Lift up on rear end trim panel (1) and insert trim 

panel tabs into rear body panel retainers. 
3. Screws (2) at top of rear end trim panel (1) near 

lower electrical contact (5). 
4. Plastic fasteners (3) at right and left side of rear 

end trim panel (1 ). 
5. Load floor storage compartment striker, if 

equipped. 
• Close load floor panel, if equipped. 
• Close compartment lift window. 

LOWER ELECTRICAL CONTACT 
REPLACEMENT 
Figure 1 

a Remove or Disconnect 

• Open compartment lift window. 
• Open load floor panel, if equipped. 
1. Rear end trim panel. Refer to "Rear End Trim 

Panel Replacement" in this section. 
2. Screws (4) holding lower electrical contact (5) to 

rear end trim panel (1). 
3. Lower electrical contact (5). 

E3 1nstall or Connect 

1. Lower electrical contact ( 5) to rear end trim panel 
(1). 

2. Screws (4) to lower ~ectrical contact (5) and rear 
end panel (1). 

3. Rear end trim panel. Refer to "Rear End Trim 
Panel Replacement" in this section. 

• Close load floor panel, if equipped. 
• Close compartment lift window. 

LUGGAGE COMPARTMENT LAMP 

Bulb Replacement • 
Figure 1 

E3 Remove or Disconnect 

• Open compartment lift window. 
1. Luggage compartment lamp (6) from rear end 

trim panel ( 1) by using a flat bladed tool to pry 
up on left side of luggage compartment lamp (6). 

2. Bulb (7) from luggage compartment lamp (6). 

E3 Install or Connect 

·1. Bulb (7) to luggage compartment lamp (6). 
2. Luggage compartment lamp (6) by inserting right 

side of lamp (6) into cutout in rear end trim panel 
(1) and snapping left side into place. 

• Close compartment lift window. 

Lens Replacement 
Figure 1 

l++I Remove or Disconnect 

• Open compartment lift window. 
1. Luggage compartment lamp. Refer to "Bulb 

Replacement" in this section. 
2. Wiring hames.,. 
3. Lens. 

E3 Install or Connect 

I. Lens to luggage compartment lamp (6). 
2. Wiring harness. 
3. Luggage compartment lamp. Refer to "Bulb 

Replacement" in this section. 
• Close compartment lift window. 

LOAD FLOOR PANEL REPLACEMENT 
F,gure2 

l++I Remove or Disconnect 

• Open compartment lift window. 
• Open load floor panel (8). 
1. Hinge covers (9). 
2. Hinge nuts (10); 
3. Load floor panel (8). 

El Install or Connect 

1. Load floor panel (8) to attaching _studs. 

NOTICE: See "Notice" on page 10-7-1 of this 
section. 

2. Hinge nuts (10) .. 

l~I Tighten 
• Hinge nuts (10) to 11 N • m (98 lb. in.). 

3. Hinge covers. 
• Close load floor panel (8). 



(!] TRIMPANEL 

0 SCREW 

BODY REAR END 10.7-3 

0 FASTENER ~: 

~ SCREW ~~ 
~ CONTACT 

0 LAMP 

0 BULB 
KC0OOS.107-F-RP 

Figure 1 - Rear End Trim Panel 

• Cose compartment lift window. 

LOAD FLOOR PANEL LOCK CYLINDER 
REPLACEMENT 
Figure 3 

E3 Remove or Disconnect 

• Open compartment lift window. 
· • Open load floor panel (8). 
1. Load floor panel lock cylinder retainer (12) using 

a flat bladed tool to push from load floor panel 
lock cylinder (11). 

2. Load floor panel lock cylinder (11). 

E3 Install or Connect · 

1. Load floor panel lock cylinder (11) to load floor 
panel (8). 

2. Load floor panel lock cylinder retainer (12). 
• Close load floor panel (8). 
• Close compartment lid window. 

LOAD FLOOR PANEL STRIKER REPLACEMENT 
Figure4 

E3 Remove or Disconnect 

• Open compartment lid window. 
• Open load floor panel. 
1. Screws (14) from load floor panel striker (13) to 

rear body panel. 

2. Load floor panel striker (13). 

E3 Install or Connect 

1. Load floor panel striker (13) to rear body panel 
through elongated hole in rear end trim panel ( 1 ). 

2. Screws (14) to load floor panel striker (13) to rear 
body panel. 

• Cose load floor panel. 
• Close compartmentlift window. 

REAR COMPARTMENT CARPET 
REPLACEMENT 
Figurs 5 

E3 Remove or Disconnect_ 

1. Rear seatback and cushion. Refer to SEATS 
(SEC. 10-9). 

2. Left and right quarter trim panels. Refer to 
REAR QUARTERS (SEC. 10-6). 

3. Rear end trim panel. Refer to "Rear End Trim 
Panel Replacement" in this section. 

4. Load floor panel, if equipped. Refer to "Load 
Floor Panel Replacement" in this section. 

S. Roof lift off panel stow bag retainers, if equipped. 
6. Rear compartment carpet (15). 

E3 Install or Connect 

1. Rear compartment carpet (15). 
2. Roof lift off panel stow bag retainers, if equipped. 
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Figure 4 - Load Floor Panel Striker 

3. Load floor panel, if equipped. Refer to "Load 
Floor Panel Replacement• in this section. 

4. Rear end trim panel. Refer to •Rear End Trim 
Panel Replacement• in this section. 

5. Left and right quarter trim panels. Refer to 
REAR QUARTERS (SEC. 10-6). 

6. Rear seatback and cushion. Refer to SEATS 
(SEC. 10-9). 
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Figure 6 - Rear Compartment Carpet 

REAR COMPARTMENT SHADE COVER 
REPLACEMENT 
Figure 6 a Remove or Disconnect 

• Open compartment lift window. 
• Rear compartment shade cover (17). 

• If rear compartment shade cover (17) is 
extended, pull toward the rear and 
disengage from cover retainer in 
compartment lift window. 

• Lift rear compartment shade cover (17) 
from the cover supports ( 16). 

E3 Install or Connect 

• Rear compartment shade cover (17). 
• Rear compartment shade cover (17) should 

be rolled up on its spring-load spool before 
installation. 

• Insert ends of rear compartment shade 
cover (17) into cover supports (16). 

ll..•l 1nspect 
• Rear compartment shade cover (17) for 

proper operation by pulling toward the rear 
of the vehicle and then allowing it to rewind 
again. 

• Close compartment lift window. 

REAR COMPARTMENT SPEAKER 
REPLACEMENT (BOSE SYSTEM) 

l++I Remove or Disconnect 

• Open compartment lift window. 
1. Screws from speaker grille to load floor panel. 
2. Speaker grille. 
3. Screws from speaker to load floor panel. 
• Lift speaker from load floor panel. 
4. Speaker wire terminals from speaker. 
S. Speaker. 

E3 Install or Connect 

1. Speaker wire terminals to speaker. 
2. Speaker to load floor panel. 
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Figure 6 - Rear Compartment Shade Cover 

3. Screws to speaker and load floor panel. 

4. Speaker grille. 

5. Screws to speaker grille and load floor panel. 

• Close compartment lift window. 

COMPARTMENT LIFT WINDOW 
The compartment lift window assembly consists 

of a solid formed tempered safety glass with a two piece 
black painted molding attached with urethane. A 
finishing panel is bolted to the bo~om of the glass. Two 
counterbalance supports (tubular gas charged 
supports) are mounted to the compartment lift window 
and body to assist in opening. Counterbalance supports 
vary in output levels depending on options such as rear 
glass defogger, window sunshade or spoilers . . 

COMPARTMENT LIFT WINDOW 
ADJUSTMENTS 

CAUTION: Glass side of hinge 
assembly has slots. These slots are for 
production build use and not intended 
for service adjustment of glass. 
Follow recommended adjustment 
procedure or glass breakage and 
personal injury could occur. 
CAUTION: Approved safety glasses 
and gloves should be worn when 
performing these procedures to 

. reduce the chance of personal injury 
should glass breakage occur. 
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Compartment Lift Window Fore and Aft and 
Side to Side Adjustment 
Figure 7 

l++I Remove or Disconnect 
1. Compartment lift window sunshade, if equipped. 

Refer to "Compartment Lift Window Sunshade 
Replacement" in this section. 

• Open compartment lift window (27) and suitably 
support it. 

2. Compartment lift window opening upper 
finishing molding. Refer to REAR QUARTERS 
(SEC. 10-6). 

3. Counterbalance supports at compartment lift 
window. Refer to "Counterbalance Support 
Replacement" in this section. 

• Loosen hinge-to-body nuts (28). 
• Close conipartmerit lift window (27). 

~ Adjust 

• Compartment lift window (27) fore and aft 
and from side to side as necessary by 
moving hinge studs in oversize body 
attaching holes. 

NOTICE: See "'Notice" on page 10-7-1 of this 
section. 

l~I Tighten 
• Hinge-to-body nuts (28) to 24 N ·m (18 lb. 

ft.) by reaching through door opening. 

l++I Install or Connect 
• Open compartment lift window (27) and support 

it. 
1. · Counterbalance supports to compartment lift 

window. Refer to "Counterbalance Support 
Replacement" in this section. 

2. Compartment lift window opening upper 
finishing molding. Refer to REAR QUARTERS 
(SEC. 10-6). 

• Close compartment lift window (27). 
3. Compartment lift window sunshade, if equipped. 

Refer to "Compartment Lift Window Sunshade 
Replacement" in this section. 

Compartment Lift Window Height Adjustment 

Flgu'! 7 

l++I Remove or Disconnect 
• Compartment lift window by disconnecting 

hinges from body. Refer to "Compartment Lift 
Window Replacement" in this section. 

~ Adjust 

• Install spacers (23) as necessary to adjust height 
of upper compartment lift window to roof. 

l++I Install or Connect 

• Compartment lift window. Refer to 
"Compartment Lift Window Replacement" in 
this section. 

~ Adjust 

• Bumpers on inside of lift window panel lower 
comers as necessary to match the height of the 

· rear quarter panels. 

~ SPACER ~ BOLT 
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Figure 7 - Companment Lift Window Hinge 

COUNTERBALANCE SUPPORT 

Figures 

The counterbalance supports are used to assist 
with the opening of the compartment lift window 
They are secured by retainers at the lift window and 
body. The supports are color coded according to a 
specified output and must be replaced with a support 
of the same output. 



Counterbalance Support Diagnosis 
Figures 

If the compartment lift window (27) will not open 
or remain in a full open position it may be due to the 
following conditions. 
• In extremely cold temperatures, -29°C (-2C°F), it 

is nonnal for the gas pressure in the 
counterbalance support (30) to be reduced. This 
results in less force to hold the lift window (27) 
open until warmer weather. A buildup of snow on 
the lift window (27) will prevent the supports (30) 
from working properly. 

• One or both of the supports (30) are worn and 
need to be replaced. Very seldom do both 
supports (30) wear out at the same time. 

• Replace support (30) on one side of lift window 
(27) with a new support (30) that has the same 
color code. 

• H the lift window (27) will not remain open, 
replace the support (30) on the other side with the 
support (30) just removed. 

• If the lift window (27) still does not remain open, 
replace the old support (30) installed in the 
previous step with a new support of the same 
color code. 

Counterbalance Support Replacement 
Figure 8 

l++f Remove or Disconnect 
• Open compartment lift window (27) and suitably 

support it. 
1. Electrical connections, if equipped, from both 

ends of support (30). 
CAUTION: Do not attempt to remove 
or loosen the counterbalance support 
without the lift window fully open. A 
support removed under pressure may 
result in personal injury. 

2. End cover (32) and mounting cover (29). 
3. Bolt (31). 
4. Screw (33). 
5. Support (30). 

E3 Install or Connect 

NOTICE: See •Notice" on page 10-7-1 of this 
section for steps 1 and 2. 

1. Support (30) to body with bolt (31). 

l~I Tighten 
• Bolt (31) to 24 N ·m (18 lb. ti). 

2. Screw (33). 

l~I Tighten 
• Screw (33) to 6 N ·m (53 lb. in.). 

3. End cover (32) and mounting cover (29). 
4. Electrical connections, if equipped, to both ends 

of support (30). 
• Remove support and close lift window (27). 
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Figure 8 • Counterbalance Support 

COMPARTMENT LIFT WINDOW 
REPLACEMENT 
Figure 7 

l++I Remove or Disconnect 
1. Compartment lift window sunshade, if present. 

Refer to • Compartment Lift Window Sunshade 
Replacement• in this section. 

• Open lift window (27) and support it. 
2. Counterbalance supports from lift window. Refer 

to "Counterbalance Support Replacement" in 
this section. 

CAUTION: Approved safety glasses 
and gloves should be worn when 
performing these procedures to 
reduce chance of personal injury 
should glass breakage occur. 

3. Lift window (27). 
• If lift window-to-body height adjustment or 

hinge replacement is necessary, remove lift 
window (27) and hinges (24) from body. 
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~ Remove lift window opening upper 
finishing molding. Refer to REAR 
. QUARTERS (SEC. 10-6). 

• Close lift window. 
• Remove hinge-to-body nuts (28) by 

reaching through door opening.· 
• Remove lift window (27) with the

assistance of a helper. 
• If glass or molding replacement is 

necessary, remove lift window (27) from 
binges (24) and leave hinges (24) attached 
to body. 

CAUTION: These steps must be 
performed with the assistance of a 
helper to reduce the possibility of 
glass breakage or personal injury. 

• Remove hinge-to-glass nuts. (25). 
• Remove hinge-to-glass bolts (26). 
• Remove lift window (27). 

EJ Install or_ Connect 

CAUTION: Approved safety glasses 
and gloves should be worn when 
performing these procedures to 
reduce the chance of personal injury 
should glass breakage occur. 

NOTICE: See "Notice" on page 10-7-1 of this 
section. 

1. Lift window (27). 
• If installing lift· window (27) with hinges 

(24) attached to glass: 
• Install lift window (27) to body with 

the assistance of a helper. 
• Install hinge-to-body nuts (28) by 

reaching through door opening. 

l~I Tighten 

• Nuts (28) to 24 N ·m (18 lb. ft.). 
• Open lift window and support it. 
• Install lift window opening upper 

finishing molding. Refer to REAR 
QUARTERS (SEC. 10-6). 

• If installing lift window (27) with hinges 
(24) attached to body: 

CAUTION: These procedures must be 
performed with the assistance of a 
helper to reduce the possibility of 
glass breakage or personal injury. 

• Install lift window (27) to body and 
support in an open position. 

• Install hinge-to-glass bolts (26). 
• Install hinge-to-glass nuts (25). 

CAUTION: When tightening 
hinge-to-glass nuts be sure to torque 
to specification. Overtlghtening could 
cause glass breakage and possible 
personal injury. 

~ Tighten 

• Nuts (25) to 14 N•m (124 lb . 
in.). . 

2. Counterbalance supports to lift window. Refer to 
"Counterbalance Support Replacement" in this 
section. 

• Close lift window (27). 
3. Lift window sunshade, if equipped. Refer to 

"Compartment Lift Window Sunshade 
Replacement" in this section. 

COMPARTMENT LIFT WINDOW HINGE 
REPLACEMENT 
Figure 1 

l+-+I Remove or Disconnect 

1. Compartment lift window sunshade, if equipped. 
Refer to "Compartment Lift Window Sunshade 
Replacement" in this section. 

2. Compartment lift window with hinges from body. 
Refer · to "Compartment . Lift Window 
Replacement" in this section. 

3. Hinge-to-glass nuts (25). 
4. Hinge-to-glass bolts (26). 
5. Hinge (24). 

E3 Install or Connect 

1. Hinge (24). 
2. Hinge-to-glass bolts (26). 

NOTICE: See "Notice• on page 10-7-1 of this 
section. 

3. Hinge-to-glass nuts (25). 
CAUTION: When tightening 
hinge-to-glass nuts, be sure to torque 
to specification. Overtightenlng could 
cause glass breakage and possible 
personal injury. 

f~I Tighten 

• Nuts (25) to 14 N·m (124 lb. in.). 
4. Compartment lift window. Refer to 

"Compartment Li.ft Window Replacement" in 
this section. 

5. Compartment lift window sunshade, if equipped. 
Refer to "Compartment Lift W'mdow Sunshade 
Replacement" in this section. 

COMPARTMENT LIFT WINDOW PANEL 
REPLACEMENT 
Figures 9 through 12 

l+-+I Remove or Disconnect 

1. Compartment lift window. Refer to 
• Compartment Lift Window Replacement" in 
this section. 

• Place lift window upside down on a protected 
surface. 



2. Compartment lift window trim panel Refer to 
"Compartment Lift Window Trim Panel 
Replacement" in this section. 

3. Nuts (34). 
4. Reinforcement panel (35). 
5. Screws from lift window glass molding to lift 

window panel (38). 
6. Bushings (39). 
7. Inner panel seal ( 44) by cutting urethane between 

seal (44) and glass (40). 
• Turn lift window right side up. 

8. Lift window panel (38). 
• Mask off top edge of panel (38) next to glass 

(4-0). 
• Using a sharp, flat-bladed tool, cut through 

butyl sealing strip (41) and foam front 
sealing strip (42) between panel (38) and 
glass ( 4-0). 

9. Upper electrical contact, if new lift window panel 
is to be installed. Refer to "Upper Electrical 
Contact Replacement" in this section. 

10. Lock striker, if new lift window panel is to be 
installed. Refer to • Compartment Lift Window 
Lock Striker Replacement" in this section. 

11. Rubber bumpers from lower comers of panel (38) 
if new lift window panel (38) is to be installed. 

12. Washers (43) if new lift window panel (38) is to 
be installed. 

~ Clean 

• Glass ( 4-0) of all adhesive and seals using, a 
razor blade and a cloth dampened with 
alcohol or oil free naphtha. 

• Panel of all adhesive and seals, if original 
panel is to be reinstalled. 

1++1 tnstall or Connect 

• Place glass ( 4-0) upside down. 
1. Front sealing strip (42) to front hem flange of lift 

window panel (38). 
2. Sealing strip (41) next to front sealing strip (42) 

in path of lift window panel (38). 
• Trim 25 mm (1-inch) of sealing strip (41) from 

each end and apply to forward outer drain holes 
in lift window panel (38), if installing new lift 
window panel (38)~ 

• Apply primer to outer glass attaching end of lift 
window panel. See Figure 12. Allow primer to 
dry for 30 minutes. 

• Apply a bead of urethane 15 mm (19/32 inch) in 
diameter and 30 mm (1-3/16 inch) long to area 
of primer on lift window panel (38) next to sealing 
strip (41). 

• Apply a 3 mm (1/8-inch) diameter bead of 
urethane to outer edge of seals ( 44) on the 
seal-to-glass side. 

3. Seal (44) to glass (40). 
4. Washer (43) to lift window panel stud if installing 

new lift window panel (38). 
5. Rubber bumpers to lower comers of lift window 

panel (38) if installing new lift window panel (38). 
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6. Lock striker to lift window panel if installing new 
lift window panel. Refer to "Compartment Lift 
Window · Lock · Striker Replacement" in this 
section. 

7. Upper electrical contact to lift window panel (38) 
. if installing new lift window panel (38). 

8. Lift window panel (38) to glass (40). 
9. Bushings (39) over panel studs with the bushing 

side through the holes in the ~ . 
10. Reinforcement panel (35). 

NOTICE: See "'Notice" on page 10-7-1 of this 
section. 

11. Nuts (34). 
• Install nuts (34) hand tight. 
• Align panel (38) to glass (40). 

CAUTION: When tightening 
panel-to--glass nuts be sure to torque 
to specification and in proper order to 
prevent glass breakage and possible 
personal injury. 

l~I Tighten 
• Nuts (34) to 14 N·m (124 lb. in.) in the 

following order: 
• Forward center. 
• Rearward center. 
• All remaining nuts. 

12. Screws attaching lift window glass molding to lift 
window panel (38). 

13. Lift window trim panel. Refer to "Compartment 
Lift Window Trim Panel Replacement" in this 
section. 

14. Compartment lift window. Refer to 
"Compartment Lift Window Replacement" in 
this section. . 

COMPARTMENT LIFT WINDOW MOLDING 
REPLACEMENT 
Figures 13 through 15 

l+,.I Remove or Disconnect 

1. Compartment lift window·. Refer to 
"'Compartment Lift Wmdow Replacement" in 
this section. 

• Place lift window upside down on a protected 
work surface. 

2. Compartment lift window hinges. Ref er to 
"Compartment Lift Window Hinge 
Replacement" in this section. 

3. Screws from lift window left molding (45) and 
right molding ( 46) to lift window panel. 

CAUTION: Perform the urethane 
burn-out operation in a well ventilated 
area and avoid inhalation of fumes 
being emitted as these fumes may be 
hazardous. 

4. Left molding ( 45) and right molding ( 46) from 
glass (40). 
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Figure 9 • Compartment Lift Window Panel 
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Figure 10. Installing Sealing Strip to Lift Window 
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Figure 11 • Compartment Lift Window Seals 
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Figure 12 • Priming of Lift Window Panel 



• Use an acetylene torch with a number two 
tip and start from the top of left molding 
( 45) or top of right molding ( 46) and apply 
heat for a distance of 200 mm (8 inches) in 
a back and forth motion. 

• Immediately grasp heated section of the left 
molding ( 45) or right molding ( 46) with 
pliers and pull away from glass (40). 

• Repeat the previous steps for the length of 
the other molding on both sides of glass 
until the molding is removed. 

~ Clean 

• Glass ( 40) by removing adhesive with a 
razor blade and a cloth dampened with 
alcohol or oil free naphtha. 

I++! Install or Connect 

• Apply clear urethane primer to glass ( 40) (Figure 
14). 

• Apply black urethane primer over same areas of 
glass (40). Allow primer to air dry for five 
minutes. 

• Apply black urethane primer to inside molding 
channels. Allow primer to air dry for five 
minutes. 

• Apply a 4.5 mm (3/16 inch) bead of urethane to 
inside molding channels. Do not apply urethane 
for a distance of 25 mm (1 inch) from top ends 
of moldings (Figure 15). 

1. Escutcheon (47) into top channel of right 
molding ( 46). 

2. Left molding ( 45) to glass ( 40). 

3. Right molding (46) to glass (40). 

rll Adjust 

• Holes in molding tabs to align with holes in 
glass. 

• Escutcheon (47) to left molding (45). 

• Tap the left molding (45) and right molding 
( 46) with a mallet to seat them on the glass. 

IL•I Inspect 
• Left molding ( 45) and right molding ( 46) 

along radius to see that they are seated 
properly to the glass. 

• Apply cloth tape over the left molding ( 45) and 
right molding ( 46) to glass every 200 mm (8 
inches) to hold moldings in place while urethane 
cures. Allow 6 hours cure time. 

4. Screws for left molding (45) and right molding 
( 46) to panel. 

5. Lift window hinges. Refer to "Compartment Lift 
Window Hinge Replacement" in this section. 

6. Lift window. Refer to "Compartment Lift 
Window Replacement" in this section_. 
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Figure 13 - Compartment Lift Window Molding 

COMPARTMENT LIFT WINDOW GLASS 
REPLACEMENT a Remove or Disconnect 

1. Compartment lift window. Refer to 
"Compartment Lift Window Replacement" in 
this section. 

2. Compartment lift window panel. Refer to 
"Compartment Lift Window Panel 
Replacement• in this section. 

3. Compartment lift window moldings. 
"Compartment Lift · Window 
Replacement" in this section. 

EJ Install or Connect 

1. Compartment lift window moldings. 
• Compartment · Lift Window 
Replacement" in this section. 

Refer to 
Molding 

Refer to 
Molding 

2. Compartment lift window panel. Refer to 
"Compartment Lift Window Panel 
Replacement" in this section. 

3. Compartment lift window to body. Refer to 
"Compartment Lift Window Replacement" in 
this section. 
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Figure 14 - Priming Compartment Lift Window Glass 
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Figure 16 - Applying Urethane to Molding 

COMPARTMENT LIFT WINDOW LOCK 
STRIKER REPLACEMENT 
Figure 16 

l++I Remove or Disconnect 

• Open compartment lift window. 
1. Compartment lift window trim panel. Refer to 

•compartment Lift Window Trim Panel 
Replacement,. in this section. 

2. Nut (34). 
3. Nuts (54). 
4. Electrical contact (53). 
5. Striker (55). 

E3 Install or Connect 

NOTICE: See ,.Notice• on page 10-7-1 of this 
section for steps 3 and 4. 

1. Striker (55). 
2. Electrical contact (53). 
3. Nut (3'4). 

l~I Tighten 

• Nut (34) to 14 N ·m (124 lb. in.). 
4. Nuts (54). 

l~I Tighten 

• Nuts (54) to 11 N ·m (98 lb. in.). 
5. Compartment lift window trim panel. Refer to 

"Compartment Lift Window Trim Panel 
Replacement" in this section. 

• Close compartment lift window. 

COMPARTMENT LIFT WINDOW LOCK 
CYLINDER REPLACEMENT 
Figure 17 

l++I Remove or Disconnect 

• Open compartment lift window. 
• Pull down license plate mounting bracket. 
1. Rear end trim panel. Refer to "Rear End Trim 

Panel Replacement" in this section. 
2. Lock cylinder retainer (56). 
3. Lock cylinder (58) and gasket (57). 

l++l lnstall or Connect 
1. Gasket (57) to lock cylinder (58), if new lock 

cylinder (58) is being installed. 
2. Lock cylinder (58) to rear end panel while 

guiding lock cylinder shaft into slot of pull-down 
unit cable end. 

• Check lock cylinder (58) for correct operation. 
3. Lock cylinder retainer (56) to shoulder of lock 

cylinder (58). 
4. Rear end trim panel. Refer to "Rear End Trim . 

Panel Replacement" in this section. 
• Close compartment lift window. 
• Close license plate mounting bracket. 
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Figure 16 - Compartment Lift Window Striker 

COMPARTMENT LIFT WINDOW TRIM PANEL 
REPLACEMENT 
Figure 18 

E3 Remove or Disconnect 

• Open compartment lift window (27). 
1. Screws ( 60). 
2. Trim panel (61) by sliding forward and pulling 

down. 

E) Install or Connect 

1. Trim panel (61). 
2. Screws (60). 
• Close compartment lift window (27). 

UPPER ELECTRICAL CONTACT REPLACEMENT 
Figure 16 

E3 Remove or Disconnect 

• Open compartment lift window. 
1. Trim panel. Refer to "Compartment Lift 

Window Trim Panel Replacement" in this 
section. 

2. Upper left striker nut (54). 
3. Reinforcement panel nut (34). 
4. Contact electrical connector. 
5. Upper electrical contact. 

E3 Install or Connect 

NOTICE: See "Notice" on page 10-7-1 of this 
section for steps 3 and 4. 

1. Contact electrical connector. 
2. Upper electrical contact. 
3. Reinforcement panel nut (34). 

l~I Tighten 
• Nut (34) to 14 N · m (124 lb. in.). 

4. Upper left striker nut (54). 

l~I Tighten 
• Nut (54) to 11 N ·m (98 lb. in.). 

5. Trim panel Refer to "'Compartment Lift 
Window Trim Panel Replacement"' in this 
section. 

• Close compartment lift window. 

COMPARTMENT LIFT WINDOW OPENING 
WEATHERSTRIP REPLACEMENT 

A clinch type weatherstrip is used to seal the 
opening of the lift window. The weatherstrip has an 
integral metal reinforced section which grips and seals 
the weatherstrip to the pinchweld flange. 

E3 Remove or Disconnect 

• 'Y eatherstrip by peeling from pinchweld flange. 

~ Clean 

• All weatherstrip sealer from pinchweld 
flange. 

E) Install or Connect 

• Weatherstrip. . 
• Apply a bead of weatherstrip sealer around 

the perimeter of the pinch weld flange 2 mm 
(5/64-inch) below the top of the flange. 

• Locate center mark on weatherstrip to top 
center of pinchweld flange. 

• Engage weatherstrip to pinchweld flange at 
top and seat weatherstrip working down 
each side toward to the bottom. 



10-7-14 BODY REAR END 

0 LOCK CYLINDER SHAFT 

~ RETAINER 

1£1 GASKET 

~ LOCK CYLINDER 

~ PULL-DOWN UNIT 

~ SCREW 

KCOOS0.107-F-RP 

Figure 17 - Installing Lift Window Lock Cylinder 
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Figure 18 - Compartment Lift Wlndow Trim Panel 

HIGH MOUNTED CENTER STOPLAMP 
REPLACEMENT 

Figure 19 

The center stoplamp is mounted to the rear end 
panel extension spoiler. 

EJ Remove or Disconnect 

1. Screws· (62). 
• Pull stoplamp (63) away from panel extension 

. (64). 
3. Wire harness connection from lamp (63). 
4. Stoplamp (63). 

E3 Install or Connect 

1. Wire harness connection to stoplamp (63). 
2. Stoplamp (63) to panel extension (64). 
3. Screws (62). 

COMPARTMENT LIFT WINDOW PULL-DOWN 
UNIT REPLACEMENT 
Figure20 

The compartment lift window pull-down unit 
(67) is attached to the rear body panel and assists with 
opening or closing the lift window by raising or 
lowering the lock. The pull-down unit (67) can be 
adjusted for proper striker-to-lock engagement. 

l++I Remove or Disconnect 

• Open compartment lift window. 
1. Rear end trim panel. Refer to •Rear End Trim 

Panel Replacement"' in this section. 
2. Electrical connection. 
3. Screws (68). 
4. Pull-down unit lock cable connection from lock 

cylinder. 
5. Pull-down unit (67). 

E3 Install or Connect 

• Place pull-down unit near rear panel support. 
1. Lock cable connection through opening in 

support to lock cylinder. 
2. Pull-down unit (67) to support. 

NOTICE: See "Notice" on page 10-7-1 of this 
section. 

3. Screws (68). 

rlJ Adjust 

• Pull-down unit as necessary for proper lock 
. striker engagement. 

l~I Tighten 
• Screws (68) to 24 N ·m (18 lb. ft.). 

4. Rear and trim panel. Refer to 'Rear End Trim 
Panel Replacement• in this section. 

• Close compartment lift window. 

COMPARTMENT LIFT WINDOW SPOILER 
REPLACEMENT 

Lift Window Panel Extension Style Spoiler 
Figure 19 . --

This style spoiler is an extension of the 
compartment lift window panel and also has extensions 
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Figure 19 - Panel Extension and Stoplamp 
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Figure 20 - Lift Window Pull-Down Unit 

of the rear quarter panels. For the rear quarter panel 
extensio~s, refer to REAR QUARTERS (SEC. 10-6). a Remove or Disconnect . 

• Open compartment lift window. 
1. High mounted center stoplamp. Refer to •High 

Mounted Center Stoplamp Replacement" in this 
section. 

2. Plugs (66). 
3. Nuts (65). 

4. Spoiler (64). 

E3 Install or Connect 

rn Important 

• Care should be exercised to prevent waterleaks in 
the rear compartment area when sealing surfaces 
are disturbed. Holes in the deck lid panel for 
mounting studs that would permit water entry 
into the rear compartment must be sealed with a 
presealed washer or body caulking compound. 

1. Washers (69) to studs on spoiler (64). 
2. Spoiler (64). 

NOTICE: See "Notice" on page 10-7-1 of this 
section. 

3 Nuts (65). 

l~I Tighten 

• Nuts (65) to 7 N ·m (62 lb. in.). 
4. Plugs (66). 
5. High mounted center stoplamp. Refer to "High 

·Mounted Center Stoplamp Replacement., in this 
section. 

. • Close compartment lift window. 

Aero Wing Style Spoiler 
Figure21 a Remove or Disconnect 

• Open compartment lift window. 
1. Lift window trim panel. Refer to "Compartment 

Lift Window Trim Panel Replacement• in this 
section. 

2. Plugs (72). 
3. High mounted center stoplam.p. Refer to "High 

Mounted Center Stoplamp Replacement• in this 
section. 

4. Nuts (71). 
5. Spoiler (70). 
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l++l lnstall or Connect 

rn Important 

• Care should be exercised to prevent waterleaks in 
the rear compartment area when sealing surfaces 
are disturbed. Holes in the deck lid panel for 
mounting studs that would permit water entry 
into ~e rear compartment must be sealed with a 
presealed washer or body caulking compound. 

1. Spoiler. 

NOTICE: See "'Notice"' on page 10-7-1 of this 
section. 

2. Nuts (71). 

l~I Tighten 

• Nuts (71) to 6 N ·m (53 lb. in.). 
3. High mounted center stoplamp. Refer to •High 

Mounted Center Stoplamp Replacement" in this 
section. 

4. Plugs (72). 
5. Lift window trim panel. Refer to "Compartment 

. Lift Window Trim Panel Replacement• in this 
section. 

• Close compartment lift window. 

§] 
El NUT 
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Figure 2 1 • Aero Wing Spoiler Assembly 

COMPARTMENT LIFT WINDOW SUNSHADE 
REPLACEMENT 
Flgure22 

1++1 Remove or Disconnect · 

• Rotate studs on sunshade (73) one-quarter tum 
counterclockwise to disengage from brackets. 

• Lift sunshade (73) and have a helper support it. 
1. Nuts (74) from hinge studs. 

2. Sunshade (73) with assistance of helper. 

E3 lnstalfor Connect 

1. Sunshade to hinge studs with assistance of helper. -
Hold in an open position. 

2. Nuts (74) to hinges. 
• Lower sunshade (73). 
• Rotate studs of sunshade (73) one-quarter turn 

clockwise to engage brackets. 
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Figure 22 - Lift Window Sunshade 

CONVERTIBLE DECK LID PANEL 
DECK LID PANEL REPLACEMENT 
Figure23 

The deck lid consists of an inner panel and an 
outer panel that are hemmed around the perimeter and 
bonded together with structural adhesive. Opening 
assist is provided by the use of gas support assemblies. 

l+-+I Remove or Disconnect 

• Open deck lid panel (80) and have an assistant 
support it. 

CAUTION: Do not attempt to remove 
or loosen the gas support without the 
deck lid panel fully open. A support 
removed under pressure may result in 
personal injury. 

1. Gas supports (78) by disengaging clips from the 
gas support ends of the deck lid panel (80) and 
body. 

2. Bolts (79). 



3. · Deck lid panel (80). 

E3 Install or Connect 

1. Deck lid panel (80) to hinges with the assistance 
of a helper. 

NOTICE: See "Notice" on 10-7-1 ofthis section. 

2. Bolts (79), hand tight. 
3. Gas supports (78). 

~ Adjust 

• Deck lid panel (80) fore and aft, side-to-side, 
and front height as necessary and tighten 
bolts. 

l~I Tighten 

• Bolts (79) to 24 N ·m (18 lb. ft.). 
• Deck lid rear· comer height by screwing 

rubber bumpers (82) in or out as necessary. 
• Close deck lid panel. 

DECK LID PANEL EXTENSION STYLE SPOILER 

Refer to "Lift Window Panel Extension Style 
Spoiler" in this section. 

HIGH MOUNTED CENTER STOPLAMP 

Refer to "High Mounted Center Stoplamp 
Replacement" in this section. 

DECK LID PANEL SEAL REPLACEMENT 

Refer to "Compartment Lift Window Opening 
Weatherstrip Replacement" in this section. 
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REAR END PANEL 
REAR LICENSE PLATE BRACKET 
REPLACEMENT 
Figurs24 

The license plate bracket (76) is bolted to the rear 
end panel and is hinged to provide access to the lock 
cylinder. 

l++I Remove or Disconnect 

1. Screws (77). 
2. Bracket (76). 

E3 Install or Connect 

1. Bracket (76). 
2. Screws (77). 

,:... --~ 

----:;: 
§I BRACKET ' 

[zz] SCREW E] ~ 
KC0110.107.,_RP 

Figure 24 • License Plate Bracket 
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Figure 23 - Deck Lid Panel 
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TAILLAMP REPLACEMENT 
Figure 25 

The taillamp assembly (84) is removed as a unit 
to replace bulbs except for the license plate lamp (85). 
The-taillamps wrap around the quarter panel and act 
as side marker lamps. 

NOTICE: Damaged taillamp gaskets should be 
replaced or body caulking compound used when 
sealing surfaces have been disturbed. This will 
prevent waterleaks and possible damage to the 
vehicle. 

l++f Remove or Disconnect 

• Open compartment lift window or deck lid panel. 
1. Rear end trim panel. Refer to "Rear End Trim 

Panel Replacement• in this section. 
2. Wing nuts (83). 
• Pull lamp assembly (84) away from panel. 
3. Bulb sockets from lamp assembly (84). 
4. Lead to license lamp (85) from lamp assembly 

(84). 
5. Lamp assembly (84). 

E3 Install or Connect 

• Place lamp assembly (84) near panel 
1. Lead for license lamp (85) to lamp assembly (84). 
2. Bulb sockets to lamp assembly (84). 
3. Lamp assembly (84) to panel. 
4. Wing nuts (83). 
5. Rear end trim panel. Refer to "Rear End Trim 

Panel Replacement• in this section. 
• Close compartment lift window. 

LICENSE LAMP REPLACEMENT 
Figure25 

EJ Remove or Dfsconnect 

1. Screw (86). 
2. License lamp (85). 
3. Bulb socket and bulb. 
4. Bulb. 

l++f Install or Connect 

1. New bulb to socket. 
2. Bulb socket and bulb. 
3. License lamp (85). 
4. Screw (86). 
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Figure 25 - Exterior Lamps 
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SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

Load Floor Panel Hinge Nuts ......................................................................... 11 N·m (98 lb. in.) 
Compartment Lift Window Hinge-to-Body Nuts ............................................ 24 N·m (18 lb. ft.) 
Counterbalance Upper Screw ............................................................................. 6 N • m (53 lb. in.) 
Counterbalance Lower Bolt .............................................................................. 24 N ·m (18 lb. ft.) 
Compartment Lift Window Hinge-to-Glass Nuts ......................................... 14 N ·m (124 lb. in.) 
Lift Window Reinforcement Panel Nuts ........................................ :............... 14 N • m (124 lb.in.) 
Lift Window Striker Nuts ................................................................................ 11 N·m (98 lb. in.) 
Lift Window Pull-Down Unit Screws .............................................................. . 24 N·m (18 lb. ft.) 
Lift Window Panel Extension Spoiler Nuts : ..................................................... 7 N·m (62 lb. in.) 
Lift Window Panel Aero Wing Spoiler Nuts .................................................... 6 N·m (53 lb. in.) 
Deck Lid Hinge Bolts ....................................................................................... 24 N ·m (18 lb. ft.) 
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SECTION 10-8 

ROOF AND CONVERTIBLE TOP 
The following •Notice• applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: •NOTICE: See '"Notice'" on page 10-8-1 
of this section." 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 
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FORMED HEADLINING 

The one-piece formed headlining is made of a 
molded fiberglass substrate covered with a foam and 
cloth facing. The headlining is serviced as a complete 
assembly. 

The headlining is held in place with clips and 
nearby interior moldings and roof attachments. The 
clips are attached to the headlining and fit into slots in 
the roof panel. 

Tonneau Release Solenoid ..................... 10-8-11 
Seals and Retainers .................................... 10-8-12 

Header "A• Pillar Seal .......................... 10-8-12 
Side Rail Seal and Retainer ........ ........... 10-8-12 
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Side Stay Pad .......................................... 10-8-15 
Rear Stay Pad ......................................... 10-8-16 

Roof Bows .................................................. 10-8-16 
No. 1 and No. 2 Bow Assembly ............ 10-8-16 
No. 3 Bow .............................................. 10-8-16 
No. 4 Bow .............................................. 10-8-17 
No. 5 Bow .............................................. ·. 10-8-17 

Folding Top Stack ...................................... 10-8-18 
Roof Lift-Off Panels ...................................... 10-8-18 

On-Vehicle Service ................................. 10-8-18 
Roof Lift-Off Panel Replacement .......... 10-8-18 
Roof Lift-Off Panel Adjustments .... ...... 10-8-18 
Lift-Off Panel Opening 

Weatherstrip ........................................ 10-8-19 
Weatherstrip Retainers .................................. 10-8-20 

Unit Repair ................................................ 10-8-20 
Roof Lift-Off Panel Assembly ............... 10-8-20 
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Figure 1 

f ++f Remove or Disconnect 

1. Negative(-) battery cable. 
2. Dome light. Refer to "Interior Lighting" in this 

section. 
3. Sunshade screws. 
4. Sunshade. 
5. Coat hook screws. 
6. Coat hooks. 
.7. Shoulder belt escutcheon by unsnapping it from 

the headlining (1). 
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8. Lift window opening molding. Refer to "Lift 
Window Opening Molding" in this section. 

·9. Quarter upper trim panel. Refer to REAR 
QUARTERS (SEC. 10-6). 

10. Body lock pillar panel Refer to REAR 
QUARTERS (SEC. 10-6). · 

11. Windshield side upper molding. Refer to 
"Windshield Side Upper Molding# in this 
section. 

12. Clips (2) in the headlining (1) from slots in the 
roof panel. 

13. ffeadUoiog (1) through the compartment 
_ lift-window opening. a Install or Connect 

NOTICE: Be careful when loading the headlining. 
Flexing it too much may cause damage. 

1. Headlining (1). 

• Load the headlining (1) through the 
compartment lift-window opening. 

• Align the headlining (1) with cutouts for 
sunshades and dome lamp and install 
sunshade brackets and dome lamp housing. 
- Do not tighten sunshade bracket and 

dome lamp screws completely until 
the headlining (1) is aligned properly 
at all hardware attaching locations. 

• Align headlining (1) to roof panel with 
headlining clips (2) positioned over holes in 
roof panel and using palm of hand, push up 
on headlining (1) at clip locations. 

2. Windshield side upper molding. Refer to 
"Windshield Side Upper Molding" in this 
section. 

3. Body lock pillar panels. Refer to REAR 
QUARTERS (SEC. 10-6). 

4. Quarter upper trim panels. Refer to REAR 
QUARTERS (SEC. 10-6). 

5. Lift-window opening molding. Refer to "Lift 
Window Opening Molding" in this section. 

6. · Shoulder belt cover escutcheon by snapping it to 
the headlining (1). 

7. Coat hooks. 
8. Coat hooks screws. 
9. Sunshade. 

10. Sunshade screws. 
11. Dome lamp. Refer to "Interior Lighting" in this 

section. 
12. Negative (-) battey cable. 

INTERIOR ROOF MOLDINGS AND 
ATTACHMENTS 

SUNSHADE 
The sunshade is attached to the roof panel with 

screws through cutouts in the headlining. 

0 WITHOUT ROOF LIFT-OFF PANELS 

0 WITH ROOF LIFT-OFF PANELS 

EJ HEADLINING 

0 HEADLINING CLIP 

Figure 1 - Headlining 

INTERIOR LIGHTING 
Figures 2 and 3 

K 10-108-F-RP 

The dome lamp lights when the door is opened or 
when the headlamp switch is turned to the dome lamp 
position. 

I +-+I Remove or Disconnect 

1. Lens (8) by squeezing it. 
2. Bulb (7) from terminal clips (3). 
3. Retainers (6) from studs (4). 
4. Electrical connector (9) on dome and reading 

lamp. 
5. Housing (10) or reflector (5). 

1-++l lnstall or Connect 
1. Housing (10) or reflector (5). 
2. Electrical connector (9) on dome and reading 

lamp. 
3. Retainers (6) to studs (4). 
4. Bulb (7) to terminal clips (3). 
5. Lens (8). 

INTERIOR MOLDINGS AND GARNISHES 
Interior moldings are made of plastic or metal 

and painted to match the interior of the vehicle. The 
moldings are held on with screws or clips. 

WINDSHIELD SIDE UPPER MOLDING 
Figure 4 

l++I Remove or Disconnect 

1. Screw (13) on vehicles with roof lift-off panels. 
2. Clips (11) from windshield pillar by pulling down 

on windshield side upper molding (12). 
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Figure 2 - Dome Lamp 

E3 Install or Connect 

1. Windshield side upper molding (12) by snapping 
the clips (11) on the windshield side upper 
molding (12) into the holes in the windshield 
pillar. . 

2. Screw (13) on vehicles with roof lift-off panels. 

WINDSHIELD SIDE LOWER MOLDING 
Figures 

l++I Remove or Disconnect 

1. Windshield side upper molding. Refer to 
"Windshield Side Upper Molding" in this 
section. 

2. Screw (14). 
3. Windshield side lower molding (15) by sliding it 

from the shroud panel. 

E3 Install or Connect 

l. Windshield side lower molding (15) by sliding it 
onto the shroud panel. 
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Figure 3 - Dome and Reeding Lamp 

2. Screw (14). 

3. Windshield side upper molding. Refer to 
'"Windshield Side Upper Molding'" in this 
section. 

LIFT.WINDOW OPENING MOLDING 

Figure 6 

l++I Remove or Disconnect 

1. Screws (16). 

2. Lift window opening molding (17). 

E3 Install or Connect 

1. Lift window opening molding (17). 

2. Screws (16). 
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Figure 6 - Lift Window Opening Molding 

No. 1 Bow Garnish Molding 
Figure 7 

E3 Remove or Disconnect 

1. No. 5 bow and raise to its full vertical position. 
2. Tonneau panel and raise to its full vertical 

position. 
• Lower the No. 5 bow to its original position. 
3. Folding top from the windshield header and 

lower the top halfway. 
4. Screws (19). 
5. No. 1 bow garnish molding (20) by pulling it 

down over the latch handles (18). 

!++! Install or Connect 

1. No. 1 bow garnish molding (20) by sliding it over 
the latch handles (18). 

2. Screws (19). 
3. Folding top to windshield header. 
4. Raise No. 5 bow to full vertical position. 
• Lower and latch tonneau panel. 
• Lower and latch No. 5 bow to tonneau panel. 

~ LATCH HANDLE 

B SCREW 

~ NO. 1 BOW GARNISH MOLDING 

KC0Z00-108-F-RP 

Figure 7 - No. 1 Bow Garnish Molding 



Header Inner Trim Garnish 
Figures 

l++I Remove or Disconnect 

1. Sunshade screws (25). 
2. Sunshades (23). 
3. Header inner trim garnish screws (21). 
4. Header inner trim garnish (22). 

• Slide up out of ''A'' pillar inner garnish 
molding. a Install or Connect 

1. Header inner trim garnish (22). 
2. Header inner trim garnish screws (21). 
3. Sunshade (23). 
4. Sunshade screws (25). 

• Slide down into ''A•' pillar inner garnish 
molding. 

"A" Pillar Inner Garnish 
Figure 8 

E3 Remove or Disconnect 

1. "A" pillar inner garnish screw (24). 
2. "A" pillar inner garnish (26) by sliding down and 

off hidden screws (27). 

l++I Install or Connect 

1. "A" pillar inner garnish (26) by hiding up and on 
hidden screws (27). 

2. "A" pilar inner garnish screw (24). 

EXTERIOR ROOF MOLDINGS AND 
ATTACHMENTS 

ROOF DRIP MOLDING 
Figure9 

l+-+I Remove or Disconnect 

1. Screws (29). 
2. Roof drip molding (28). 

I++! Install or Connect :· 

1. Roof drip molding (28). 
2. Screws (29). 

• Seal screws to prevent waterleaks. 

PANEL OPENING CENTER UPPER MOLDING 
Figure 10 

E3 Remove or Disconn~ct 

1. Roof lift-off panels. Refer to "Roof Lift-Off Panel 
Replacement" in this section. 

2. Lift-off panel opening weatherstrips. Refer to 
"Lift-Off Panel Opening Weatherstrip" in this 
section. 

3. Screws (30). 
4. Panel opening center upper molding (31). 
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E3 Install or Connect 

1. Panel opening center upper molding (31). 
2. Screws (30). 

• Be sure to seal around the screws (30) and 
all around the outside edges of the panel 
opening center upper molding (31) to 
prevent possible- waterleaks. 

3. Lift-off panel opening weatherstrips. Ref er to 
"Lift-Off Panel Opening Weatherstrip" in this 
section. 

4. Roof lift-off panels. Refer to "Roof Lift-Off Panel 
Replacement" in this section. 

ROOF EMBLEMS 

l++I Remove or Disconnect 

• Roof emblem by applying heat with a heat gun. 
• Make certain the heat gun is held at least 

152 mm (6 inches) from the emblem and 
moved in a circular motion. 

1++1 Install or Connect 

• Roof emblem. 
• Wash affected area of the roof panel with 

detergent and water. 
• Wipe dry. 
• Wipe roof panel and adhesive side of the 

roof emblem with oil-free naphtha or 
alcohol. 

• Apply emblem adhesive and press the roof 
emblem in place. 

• Apply constant pressure to the roof emblem 
for 30 seconds. Bonding starts immediately. 
The roof emblem cannot be moved after 
contact with the roof panel. 

FOLDING TOP 
The folding top is manual. When the folding top 

is raised, it attaches to the windshield header in the 
front and to the tonneau panel in the rear. When the 
folding top is lowered, it is stored in a topwell behind 
the rear seat. The topwell is covered by the tonneau 
panel. 

LOWERING TOP 
CAUTION: The vehicle must be 
parked on a level surface with the 
trunk lid closed before lowering the 
folding top, or damage to the folding 
top and possible personal injury could 
result. 

1. Set the parking brake. 
2. Shift the automatic transmission to "PARK" or 

the manual transmission to REVERSE" ). 
3. Turn the ignition to "RUN" position. 
4. Lower the side windows. 
5. Unlock the rear seatback. and fold it down. 
6. Push the release lever located on the side of the 

tonneau panel to release the No. 5 bow. 
7. Raise the No. 5 bow to its vertical position. 
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Figure 9 - Roof Drip Molding 

8. Press the tonneau panel release switch to release 
the tonneau panel. 

9. Raise the tonneau panel to its vertical position. 
10. Lower the No. 5 bow to its original position. 

NOTICE: Before lowering the folding top, make 
sure nothing is in the topwell, or damage to the 
folding top and bows could result. 

11. Rotate each latch handle outboard to release the 
folding top from the windshield header. 

12. Grasp the front edge of the No. 1 bow; lift upward 
and rearward. 

NOTICE: Avoid jamming the folding top bows 
against one another or damage to the folding top 
and bows could result. 

13. Push the No. 2 bow rearward and slowly bring 
the folding top rearward until it is all the way 
down. 

14. Lower and latch the tonneau panel. 
15. Make sure the tonneau panel is latched securely 

by gently lifting up on both forward ends of the 
tonneau panel. 
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Figure 10 - Panel Opening Center Upper Molding 

NOTICE: Do not sit or place excessive weight on 
the tonneau panel when the folding top is down, 
or damage to the tonneau panel could result. 

16. Return the rear seatback to the upright position. 
17. Make sure the rear seatback is locked by pushing 

forward and rearward on the top of the rear 
seatback. 

RAISING TOP 
CAUTION: The vehicle must be 
parked on a level surface with the 
trunk lid closed before lowering the 
folding top. or damage to the folding 
top and possible personal injury could 
result. 

1. Set the parking brake. 
2. Shift the automatic transmission to "PARK" or 

the manual transmission to "REVERSE". 
3. Tum the ignition to "RUN" position. 
4. Lower the side windows. 
5. Unlock the rear seatback, and fold it down. 
6. Press the tonneau panel release switch to release 

the tonneau panel. 
7. Raise the tonneau panel to its vertical position. 
8. Gra_sp the No. 1 bow, lift and slowly raise the 

folding top. 
9. Continue to raise the folding top until it is against 

the windshield header. 
I 0. Press downward until the guide pins drop into the 

windshield header. 
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11. While holding the folding top in place, rotate 
each latch handle forward, securing the folding 
top to the windshield header. 

12. Raise the No. 5 bow to its vertical position. 
13. Lower and latch the tonneau panel. 
14. Make sure the tonneau panel is latched securely 

by gently lifting up on both forward ends of the 
tonneau panel 

15. Lower the No. s· bow and align the pin on the No. 
5 bow into the hole in the tonneau panel. 

16. Pull the release lever located on the side of the 
tonneau panel to secure the No. 5 bow. 

17. Return the rear seatback to the upright position. 
18. Make sure the rear seatback is locked by pushing 

forward and rearward on the top of the rear 
seatback. 

NOTICE: Do not sit or place excessive weight on 
the folding top when it is up, or damage to the 
folding top could result. 

ADJUSTMENTS 
The folding top linkage includes the No. 1 bow, 

side roof rails, hinges, connecting links and bows. The 
top linkage is attached to the body at the rear quarter 
area by a stationary main pivot bracket. The folding 
top locks to the windshield header with auger latches. 
When the folding top framework does not work 
correctly, the problem is usually damaged or 
misaligned linkage. 

For the folding top to work properly, all the 
folding top parts must be aligned accurately. If damage 
has occurred, forcing the pivot points out of alignment, 
it will be difficult to reset the links to the correct 
dimensions by visually realigning them. If the 
alignment cannot be corrected, the entire subassembly 
where the affected linkage is a part must be replaced. 
If a pivot bolt or link is broken, it must be replaced. 

· Upstops 

Figure 11 
The upstops can be adjusted for proper alignment 

between the top auger latches to the windshield header 
receivers. Check that the rear ends of the side rails (33) 
are properly connected to the rear rail isolator clips 
(32) when the top is raised to the windshield. If.the side 
rails (33) are not properly connected to the isolator 
clips (32), the auger latches will not align with the 
windshield header receivers. 

IJ'I Adjust 
• Upstops (34). 

• Lower folding top. Refer . to "Lowering 
Top" in this section. 

• Loosen upstop lock nuts and turn upstops 
(34) clockwise. . 

• Raise and latch the folding top to 
windshield header. 

• Raise No. 5 bow to full vertical position. 
• Turn upstops (34) counterclockwise until 

upstops (34) contact the folding top linkage. 
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· • Unlatch and lower folding top. 
• Tighten upstop lock nuts while holding 

upstops (34) in position. 
• Raise folding top. Refer to •Raising Top" 

in this section. 

IL•l tnspect 
• Alignment of top auger latches to the 

isolator clips (32). 

Down stops 
Figure 11 

The downstops can be adjusted for proper 
clearance between the rear rail and No. 4 bow when the 
top is lowered completely. 

~Adjust · 

• Downstops (36). 
• Raise folding top. Refer to "Raising Top" 

in this section. 
• Loosen downstop lock nuts and adjust 

downstops (36) as required. 
• Tighten downstop lock nuts while holding 

downstops (36) in position. 
• Lower folding top. Refer to • Lowering 

Top• in this section. 

IL•I Inspect 
• Clearance between the rear rail and 

the No. 4 bow. 

WATERTEST AND WATERLEAK REPAIR 
For watertest and general waterleak repair 

procedures, refer to GENERAL BODY SERVICE 
PROCEDURES (SEC. 10-1). Ifa waterleak cannot be 
repaired using the general waterleak repair procedures, 
replace the leaking weatherstrip seal. Refer to "Seals 
and Retainers" in this section. 

FOLDING TOP COVER 
Figure 12 

l+-+I Remove or Disconnect 

1. No. 1 bow garnish molding. Refer to "No. 1 Bow: 
Garnish Molding• in this section. 

2. Side rail seals and retainers. Refer to ,.Side Rail 
Seal and Retainer" in this section. 

3. Folding top cover (41) from No. 1 bow (38). 
• To help loosen folding top cover (41) apply 

· heat with a heat gun held 25 mm (1 inch) 
from the folding top cover ( 41) and rotated 
in a circular motion. 

4. Cable screws (37). 
5. Retainer screws (42). 
6. Top cover retainers (40) from pockets at No. 2 

and No. 3 bows. 
7. Main pillar seal and retainer. Refer to "Main 

Pillar Seal and Retainer" in this section. 

8. Quarter flaps from rear rails, using a heat gun as 
in step 3. 

9. Side retension cables (39) from cable pockets. 
• Raise folding top to windshield header. 
• Raise No. 5 bow to its vertical position. 

10. No. 5 bow seal. Refer to "No. 5 Bow Seal• in this 
section. 

11. Folding top cover (41) from No. 5 bow, using a 
heat gun as in step 3. 

12. Folding top cover (41) from vehicle. 

E3 Install or Connect 

1. Folding top cover (41)-to framework. 
2. Top cover retainers ( 40) into pockets at No. 2 and 

No. 3 bows. 
3. Side retension cables (39) into cable pockets. 
• Raise folding top slightly off the windshield 

header. 
4. Cable. screws (3 7). 
5. Retainer screws (42). 
6. Folding top to windshield header. 
7. Adhesive to rear rails and quarter flaps. 
8. Quarter flaps to rear rails. 
• Raise No. 5 bow slightly. 
• Align folding top cover center notch with No. 5 

bow receiver pin. 
9. Adhesive to No. 5 bow and folding top cover(41). 

10. ·Folding top cover (41) to No. 5 bow, starting at 
the center and working toward each outboard 
end. 

11. No. 5 bow seal. Refer to "No. 5 Bow Seal" in this 
section. 

12. No. 5 bow to tonneau panel. 
• Pull folding top cover (41) forward over the No. 

1 bow (38) to desired fullness. 
• While maintaining tension on the folding top 

cover ( 41 ), draw a pencil mark on the folding top 
cover (41) along the forward edge of the No. 1 
bow (38). 

• Release and raise No. 5 bow to its vertical 
position. 

• Release and raise tonneau panel to its vertical 
position. 

• Lower No. 5 bow to its original position. 
• Release the folding top from the windshield 

header and lower halfway. 
13. Adhesive to No. 1 bow (38) and folding top cover 

(41). 
• Pull folding top cover (41) 6 mm (1/4 inch) past 

the pencil mark. 
14. Folding top cover (41) to No. 1 bow (38) starting 

at the center and working toward outboard ends. 
15. Folding top to windshield header. 
• Trim excessive folding top cover (41) along the 

No. 1 bow (38). 
16. Main pillar seals and retainers. Refer to "Main 

Pillar Seal and Retainer" in this section. 
17. Side rail seals and retainers. Refer to "Side Rail 

Seal and Retainer" in this section. 
18. No. 1 bow garnish molding. Refer to "No. 1 Bow 

Garnish Molding" in this section. 
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Figure 12 - Folding Top Cover 

TONNEAU PANEL 
The tonneau panel covers the topwell when the 

folding top is raised, the No. S bow attaches to the No. 
5 bow latch on the tonneau panel. The tonneau panel 
itself latches at the sides and is held onto hinges with 
nuts. 

Tonneau Panel Replacement 
Figure 13 

E3 Remove or Disconnect 

• Protect nearby body panels. 
• Release and raise tonneau panel (43) to its 

vertical position. 
CAUTION: A helper must support the 
tonneau panel while the hinge nuts 
are being removed, or the tonneau 
panel may fall causing damage to the . 
tonneau panel and body panels and 
possible personal injury. 

• Support the tonneau panel (43). 

1. Hinge nuts (50). 
2. Tonneau panel (43) with a helper. 

f ++f Install or Connect 

• Protect nearby body panels. 
1. Tonneau panel (43) to hinges (51) with a helper. 

CAUTION: A helper must support the 
tonneau panel while the hinge nuts 
are being installed, or the tonneau 
panel may fall causing damage to the 
tonneau panel and body panels and 
possible personal injury. 

2. Hinge nuts (50). 
• Lower tonneau panel (43). 

l~f Adjust 
• Tonneau panel fore and aft as necessary. 

• Loosen hinge nuts (50). 
• Slide tonneau panel ( 43) fore or aft on hinge 

(51). 
• Tighten hinge nuts (50). 
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Figure 13 - Tonneau Panel Parts 

No. 5 Bow Release Handle 

Figure 13 

l++I Remove or Disconnect 

• Release and raise No. 5 bow to its vertical 
position. 

• Release and raise tonneau panel to its vertical 
position. 

1. Side release rod (44) from No. 5 bow release 
handle ( 45). 

2. Handle screws ( 46). 
3. No. 5 bow release handle (45). 

E3 Install or Connect 

1. No. 5 bow release handle (45). 
2. Handle screws ( 46). 
3. Side release rod (44) to No. 5 bow release handle 

(45). 
• Lower and latch tonneau panel. 
• Lower and latch No. 5 bow to tonneau panel. 
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No. 5 Bow Latch 

Figure 13 

l++I Remove or Disconnect 

• Release and raise No. 5 bow to its vertical 
position. 

• Release and raise tonneau panel to its vertical 
position. 

1. Rear release rod (47) from No. 5 bow latch (48). 
2. Latch nuts ( 49). 
3. No. 5 bow latch (48). 

E3 Install or Connect 

1. No. 5 bow latch (48). 
2. Latch nuts (49). 
3. Rear release rod (47) from No. 5 bow latch (48). 
• Lower and latch tonneau panel. 
• Lower and latch No. 5 bow to tonneau panel. 

Tonneau Panel ~atch 

Figure 14 

l++I Remove or Disconnect 

1. Quarter trim panel. Refer to REAR 
QUARTERS (SEC. 10-6). 

2. Cable (57) from latch mount plate (54). 
3. Latch screws (52). 
4. Tonneau panel latch (53). 

E3 Install or Connect 

1. Tonneau panel latch (53). 
2. Latch screws (52). 
3. Cable (57) to latch mount plate (54). 
4. Quarter trim panel. Refer to REAR 

QUARTERS (SEC. 10-6). 

~ Adjust 

• Tonneau panel latch (53) to give correct tonneau 
panel at front comers. 
• Loosen latch screws (52). 
• Slide latch up or down as necessary. 
• Tighten latch screws (52). 

Tonneau Release Solenoid 
Figure 14 

E3 Remove or Disconnect 

1. Quarter trim panel. Refer to REAR 
QUARTERS (SEC. 10-6). 

2. Cable (57) from latch mount plate (54). 
3. Cable retainer screws (55). 
4. Cable retainers (56) from cable (57). 
5. Wire connector (60). 
6. Soleniod screws (58). 
7. Solenoid (59). 
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I++! Install or Connect 
1. Solenoid (59). 
2. Solenoid screws (58). 
3. Cable retainers (56) to cable (57). 
4. Cable retainer screws (55). 
5. Cable (57) to latch mount plate (54). 
6. Wire connector (60). 
7. · Quarter trim panel. Refer to REAR 

QUARTERS (SEC. 10-6). 

SEALS AND RETAINERS 

The folding top seals are attached to the retainers 
with weatherstrip adhesive. The header •A• pillar seal 
and No. 5 bow seal also have screws. The side rail seals 
an_d main pillar seal have removable retainers. The 
tonneau panel seal is attached to the tonneau panel 
with double-coated adhesive tape. 

Header "A" Pillar Seal 

Figure 15 

EJ Remove or Disconnect 

1. Sunshade screws. 
2. Sunshade. 
3. Header inner trim garnish. Refer to "Header 

Inner Trim Garnish•• in this section. 
4. Screws (61). 
5; Header "A" pillar seal (62). 

~ LATCH SCREW 

~ TONNEAU PANEL LA:rCH 

~ LATCH MOUNT PLATE 

~ CABLE RETAINER SCREW 

~ CABLE RETAINER 

B CABLE 

~ SOLENOID SCREW 

~ SOLENOID 

. 160 I WIRE CONNECTOR 

- Grasp header "A• pillar seal (62) and pull 
gently while inserting a flat-bladed tool 
between the header" A" pillar seal (62) and 
the seal retainer. -
- Use a suitable release agent or heat 

gun to help break the adhesive bond if 
necessary. 

E3 Install or Connect 

1. Header" A" pillar seal (62). 
• Scrape excess adhesive from the seal 

retainer. 
• Apply a continuous bead of weatherstrip 

adhesive into the seal retainer. 
. • Press the header "A• pillar seal (62) into the 

seal retainer. 
2. Screws (61). 
3. Header inner trim garnish. Refer to "Header 

Inner Trim Garnish" in this section. 
4. Sunshade. 
5. Sunshade screws. 

Side Rail Seal and Retainer 
Figure 16 

EJ Remove or Disconnect 

1. Side rail seal (65). 
• Grasp side rail seal (65) and pull gently 

while inserting a flat-bladed tool between 

COZ14-1 P 

Figure 14 - Tonneau Panel Latch and Solenoid 
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Figure 15 • Header • A• Pillar Seal 

the side rail seal ( 65) and the side rail seal 
retainer (64). 
- Use a suitable release agent or a heat 

gun to help break the adhesive bond if 
necessary. 

2. No. 1 bow garnish molding. Refer to .. No. 1 Bow 
Garnish Molding" in this section. 

3. Side rail seal retainer screws (63). 
4. Side rail seal retainer (64). 

EJ Install or Connect 

• Scrape excess adhesive from the side rail seal 
retainer (64). 

1. Side rail seal retainer (64). 
2. Side rail seal retainer screws (63). 
3. Weatherstrip adhesive to side rail seal retainer 

(64). 
4. Side rail seal (65) into side rail seal retainer (64) 

with a flat-bladed tool. 
5. No. 1 bow garnish molding. Refer to .. No. 1 Bow 

Garnish Molding• in this section. 

Main Pillar Seal and Retainer 
Figure 16 

l+-+I Remove or Disconnect 

1. Main pillar seal (66). 
• Grasp main pillar seal (66) and pull gently 

while inserting a flat-bladed tool between 
the main pillar seal (66) and the main pillar 
seal retainer (68). 
- Use a s~itable release agent or a heat 

gun to help break the adhesive bond if 
necessary. 

2. Main pillar seal retainer screws (67). 
3. Main pillar seal retainer (68). 
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EJ Install or Co~nect 

• Scrape excessive adhesive from the main pillar 
seal retainer (68). 

1. Main pillar seal retainer ( 68). 
2. Main pillar seal retainer screws ( 67). 
3. Weatherstrip adhesive to main pillar seal retainer 

(68). 
4. Main pillar seal (66) into main pillar seal retainer 

(68) using a flat-bladed tool. 

No. 5 Bow Seal 
Figure 18 

l+-+I Remove or Disconnect 

1. Main pillar seal and retainer. Refer to "Main 
Pillar Seal and Retainer" in this section. 

2. No. 5 bow seal screws (71). 
3. No. 5 bow seal (69). 

• Grasp No. 5 bow seal (69) and pull gently 
while inserting a flat-bladed tool between 
the No. 5 bow seal (69) and the No. 5 bow. 
- Use a suitable release agent or a heat 

gun to help break the adhesive bond if 
necessary. 

1-++I Install or Connect 

• Scrape excess sealer from the No. 5 bow (70). 
1. Weatherstrip adhesive to No. 5 bow (70). 
2. No. 5 bow seal (69) to No. 5 bow (70), using a 

flat-bladed tool if necessary. 
3. No. 5 bow seal screws (71). 
4. Main pillar seal and retainer. Refer to "Main 

Pillar Seal and Retainer .. in this section. 

Tonneau Panel Seal 
Figure 17 

l+-+I Remove or Disconnect 

• Tonneau panel seal (72) from tonneau panel (43). 
• Raise tonneau panel (43). 
• Grasp tonneau panel seal (72) and gently 

pull to remove. 

~ Clean 

• Adhesive from tonneau panel (43). 

j-++I Install or Connect 

1. Double-coated adhesive tape to the tonneau panel 
seal (72). 

2. Tonneau panel seal (72) to tonneau panel (43). 

STAY PADS 
The stay pads help keep the roof bows aligned. 

The stay pads are attached to the bows with aluminllJ? 
rivets and stainless steel staples. The rear stay pad 1s 
attached to the No. 5 bow with a bracket. The folding 
top cover must be removed before the stay pads can be 
serviced. 
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~ MAIN PILLAR SEAL 

~ MAIN PILLAR SEAL RETAINER SCREW 

~ --MAIN PILLAR SEAL RETAINER 

~ NO. 5 BOW SEAL 

j 10! NO. s sow 

E] NO. 5 BOW SEAL SCREW 
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Figure 16 - Seals and Retainers 
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B TONN EAU PANEL SEAL 
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Figure 17 - Tonneau Panel Seal 

Side Stay Pad 
Figures 18 and 19 

8 Remove or Disconnect 

1. Folding top cover. Refer to "Folding Top Cover" 
in this section. 

2. Tape from over rivets (73). 
3. Rivets (73) from No. 1 bow (38) using a 1/8-inch 

drill bit. 
• Note the location and spacing of the staples. 
4. Staples from No. 2 bow (78). 
5. Staples from No. 3 bow (77). 
6. Rivet (73) from No. 4 bow (76) using a 1/8-inch 

drill bit. 
7. No. 4 bow screw (79) from No. 4 bow bracket 

(80). 
8. Side stay pad (74), by sliding it, with the rear stay 

pad (75), off the No. 4 bow (76). 

E3 Install or Connect 

1. Side stay pad (74) orito the No. 4 bow (76). 
2. Rear stay pad (75) onto the No. 4 bow (76). 
3. No. 4 bow screws (79) to the No. 4 bow bracket 

(80). 
4. 1/8 inch by 3/16-inch aluminum rivet (73) into 

No. 4 bow (76). 
5. Side stay pad (74) to No. 1 bow (38). 
6. 1/8 inch by 3/16-inch aluminum rivet (73) into 

No. 1 bow (38). 
7,- Tape over rivets (73). 
• Latch folding top to the windshield header. 
• Latch No. 5 bow (70) to tonneau panel. 
8. Staples to No. 3 bow (77). 
9. Staples to No. 2 bow (78). 

10. Folding top cover. Refer to "Folding Top Cover" 
in this section. 
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NO. 1 BOW 

NO. 580W 

RIVET 

SIDESTAYPAD 13 
REAR STAY PAD Q 

~ 
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Figure 18 - Side Stay Pad 
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Figure 19 - Rear Stay Pad 
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Rear Stay Pad 
Figure 19 

l++I Remove or Disconnect 

• Unlock No. 5 bow and raise to its vertical 
position. 

1. Rivet (73) from No. 4 bow (76), using a 1/8-inch 
drill bit. 

2. Rear stay pad screws (81) from rear stay pad 
bracket (82). 

3. Rear stay pad bracket (82) from No. 5 bow (70). 
• Slide rear stay bracket (82) from the rear stay pad 

(75). 
4. No. 4 bow screw (79) from No. 4 bow bracket 

(80). 
5. Rear stay pad (75) from No. 4 bow (76). 

E3 Install or Connect 

1. Rear stay pad (75) to No. 4 bow (76). 
2. No. 4 bow screw (79) to No. 4 bow bracket (80). 
• Slide rear stay bracket (82) into rear stay pad 

(75). 
3. Rear stay pad bracket (82) to No. 5 bow (70). 
4. Rear stay pad screws (81) to rear stay pad bracket 

(82). 
5. 1/8-inch by 3/16-inch aluminum rivet (73) to 

No. 4 bow (76). 
• Lower and latch No. 5 bow. 

ROOF BOWS 
The roof bows run from one outboard side of the 

vehicle to the other. The roof bows hold the folding top 
cover and keep its shape. The roof bows are attached 
to the side rails, main pillars and main pivot brackets 
with nuts and bolts. 

No. 1 and No. 2 Bow Assembly 
Figures 12, 18 and 20 

B Remove or Disconnect 

• Lower side windows. 
• Fold down rear seatback. 
• Release and raise No. 5 bow to its vertical 

position. 
• Release and raise tonneau panel to its vertical 

position. 
• Lower No. 5 bow to its original position. 
• Release folding top from windshield header and 

lower the folding top halfway. 
1. No. 1 bow garnish molding. Refer to "No. 1 Bow 

Garnish Molding" in this section. . 
2. Side rail seal and retainer. Refer to "Side Rail 

Seal and Retainer" in this section. 
3. Retainer screws (42) at No. 2 bow (78). 
4. Top cover retainer (40) from pocket. 
5. Folding top cover (41) from No. 1 bow (38). 

• Use a heat gun held 25 mm (1 inch) from the 
folding top cover ( 41) to help loosen the 
adhesive bond. 

6. Cable screws (37) at No. 1 bow (38). 
7. Rivets (73) at side stay· pads (74) using a 1/8-inch 

drill bit. 
8. Staples from No. 2 bow (78). 
9. Bolts (83). 

10. No. 1 and No. 2 bow assembly. 

E3 Install or Connect 

1. No. 1 and No. 2 bow assembly. 
2. Bolts (83). 
3. Side stay pad (74) to No. 1 bow (38). 
4. 1/8-inch by 3/16-inch aluminum rivets (73) to 

No. 1 bow (38). 
• Latch folding top to windshield header. 
5. Staples at No. 2 bow (78). 
• Lower folding top halfway. 
6. Folding top cover (41) over No. 1 bow (38). 
7. Cable screw (37) at No. 1 bow (38). 
8. Top cover retainer (40) into pocket. 
9. Retainer screws (42). 

10. Adhesive to No. 1 bow (38). 
11. Folding top cover (41) to No. 1 bow (38). 
12. Side rail seal and retainer. Refer to •side Rail 

Seal and Retainer .. in this section. 
13. No. 1 bow garnish molding. Refer to "No. 1 Bow 

Garnish Molding" in this section. 
• Latch folding top to windshield header. 
• Raise No. 5 bow to its vertical position. 
• Lower and latch tonneau panel. 
• Lower and latch No. 5 bow. 

No. 3 Bow 
Figures 12, 18, and 20 

E3 Remove or Disconnect 

• Unlatch No. 5 bow and raise to its vertical 
position. 

1. Retainer screws (42) at No. 3 bow (77). 
2. Rear stay pad screws (81). 
• Pull No. 4 bow (76) rearward and fold folding top 

cover ( 41) forward. 
3. Staples from side stay pad (74) at No. 3 bow (77). 
4. No. 3 bow screws (84). 
5. No. 3 bow (77). 

E3 Install or Connect 

1. No. 3 bow (77). 
2. No. 3 bow screws (84). 
3. Staples to side stay pad (74) at No. 3 bow (77). 
4. Rear stay pad bracket (82) to No. 5 bow (70). 
5. · Rear stay pad screws (81) to rear stay pad bracket 

(82). 
6. Retainer screws ( 42) through No. 3 bow (77) to 

the top cover retainer ( 40). 
7. Lower and latch No. 5 bow. 
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Figure 20 - Folding Top Assembly 

No. 4 Bow 
Figures 18 and 20 

E3 Remove or Disconnect 

• Unlatch No. 5 bow and raise to its vertical 
position. 

1. Rivet (73) from No. 4 bow (76) using a 1/8-inch 
drill bit. 

2. No. 4 bow screw (79). 
3. Rear stay pad (75) from No. 4 bow (76). 
4. Side stay pad (74) from No. 4 bow (76). 
5. No. 4 bow (76). 

E3 Install or Connect 

1. No. 4 bow (76). 
2. Side stay pad (74) to No. 4 bow (76). 
3. Rear stay pad (75) to No. 4 bow (76.) 
4. No. 4 bow screw (79) through No. 4 bow bracket 

(80). 
5. 1/8-inch by 3/16-inch aluminum rivet (73) to 

No. 4 bow (76). 

• Lower and latch No. 5 bow. 

No. 5 Bow 

Figures 12 and 20 

l++I Remove or Disconnect 

1. Main pillar seal and retainer. Refer to "Main 
Pillar Seal and Retainer• in this section. 

2. No. 5 bow seal. Refer to "No. 5 Bow Seal" in this 
section. 

3. Folding top cover (41) from No. 5 bow (70). 
• Use a heat gun held 25 mm (1 inch) from the 

folding top cover (41) to help loosen the 
adhesive bond. 

4. Rear stay pad screws (81). 
5. Rear stay pad brackets (82). 

6. No. 4 bow screws (79). 
7. No. S bow screws (85). 
8. No. 5 bow (70). 
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E3 Install or Connect 

1. No. 5 bow (70). 
2. No. 5 bow screws (85). 

IL•I Inspect 

• Latch pin (86) to make sure latch pin (86) 
is aligned properly with No. 5 bow latch. 

1,1 Adjust 

• No. 5 bow screws (85), if necessary, to align 
latch pin (86) and No. 5 bow latch. 

3. No. 4 bow screws (79) into No. 4 bow bracket 
(80). 

4. Rear stay pad brackets (82). 
5. Rear stay pad screws (81). 
6. Adhesive to No. 5 bow (70). 
7. Folding top cover (41) to No. 5 bow (70). 
8. No. 5 bow seal. Refer to "No. 5 Bow Seal" in this 

section. 
• Lower and latch No. 5 bow (70). 
9. Main pillar seal and retainer. Refer to "Main 

Pillar Seal and Retainer" in this section. 

FOLDING TOP STACK 
Figure 20 

E3 Remove or Disconnect 

• Release and raise No. 5 bow to its vertical 
position. 

• Release and raise tonneau panel to its vertical 
position. 

1. Nuts (87). 
• Unlatch folding top from windshield header. 
2. Folding top assembly from vehicle with the aid of 

a helper. 

E3 Install or Connect 

1. Folding top assembly to vehicle with the aid of a 
helper. · 

• Latch folding top to windshield header. 

NOTICE: See "Notice" on page 10-8-1 of this 
· section. · 

2. Nuts (87). 

l~I Tighten 
• Nuts to 10 N·m (89 lb. in.). 

• Lower and latch tonneau panel. 
• Lower and latch No. 5 bow. 

ROOF LIFT-OFF PANELS 
The roof lift-off panels are manually operated. 

The panel glass is curved to match the contour of the 
roof and is made of tinted, tempered glass or tinted 
acrylic. The roof opening weatherstrips are one piece 
and molded to the shape of the roof opening. 

ON-VEHICLE SERVICE 

Roof Lift-Off Panel Replacement 
The roof lift-off panels can be removed and stored 

in the storage bags located in the rear compartment 

l++I Remove or Disconnect 

• Roof lift-off panels. 
• ·Pull on the release handle. 
• Pivot roof lift-off panel upward slightly and 

pull outward to release · it from under the 
panel opening center upper molding. 

• Repeat for other roof lift-off panel. 
• Store roof lift-off panel ·in the storage bag. 

1++1 tnstall or Connect 

• Roof lift-off panels. 
• Place the edge of the roof lift-off panel on 

top of the weatherstrip lip. 
• Lift slightly and carefully insert the roof 

lift-off panel under the panel opening center 
upper molding. 

• Lower the roof lift-off panel and latch in 
place. 

• Repeat for other roof lift-off panel. 
• Check for proper fit and adjust if necessary. 

Refer to "Roof Lift-Off Panel Adjustments 0 

in this section. 

Roof Lift-Off Panel Adjustments 
Figure 21 

The roof lift-off panel is adjustable within the 
lift-off panel opening. The striker screws adjust up and 
down travel of the roof lift-off panels. In and out and 
fore and aft travel is adjusted with the support plate 
nuts. Adjustments should be made to get a flush fit of 
the roof lift-off panels to the roof. 

l++I Remove or Disconnect 

1. Roof lift-off panel from roof. Refer to "Roof 
Lift-Off Panel Replacement" in ihis section. 

2. Windshield $ide upper molding. Refer to 
"Windshield Side Upper Molding" in this 
section. · 

NOTICE: See "Notice" on page 10-8-1 of this 
section. 

3. Body lock pillar panel. 'Refer to REAR 
QUARTERS (SEC. 10-6). 

• Loosen nuts (90). 

le.Pl Adjust 
• Support mount latch plates (89) fore and aft 

as required. 

l~I Tighten 
• Nuts to 7 N ·m (62 lb. in.). 

• Loosen screws (92). 



~ Adjust 
• Latch strikers (91) up and down as 

required. 

l~I Tighten 
• Screws to 6 N·m (53 lb. in.). 

E3 Install or Connect 

• Roof lift-off panels. Refer to "Roof Lift-Off 
Panel Replacement" in this section. Check 
for proper fit. 

~. 

A' 
~ ~ ~ l!!] 

~ STRIKER LATCH SUPPORT 

~ SUPPORT MOUNT LATCH PLATE 

! sol NUT 

~ LATCH STRIKER 

~ SCREW 
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Figure 21 - Latch Striker 

Lift-Off Panel Opening Weatherstrip 

Figur,22 

l++I Remove or Disconnect 

Tool Required: 
J 21104-B Weatherstrip Remover 

1. Roof lift-off panel. Refer to "Roof Lift-Off Panel 
Replacement" in this section. 
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Figure 22 - Lift-Off Panel Opening Weatherstrip 

2. Retainers (94) located at each end of lift-off panel 
opening weatherstrip (93) using J 21104-B. 

NOTICE: Break the weatherstrip adhesive bond 
carefully to prevent damage to the weatherstrip. 

• Grasp the lift-off panel opening weatherstrip (93) 
and pull upward gently while inserting J 21104-B 
between the weatherstrip retainers and the lift-off 
panel opening weatherstrip (93) to break the 
adhesive bond. 

• Using a suitable release agent or heat gun 
will help break the weatherstrip adhesive 
bond. 

3. Locator butt joints from the brackets on the front 
and rear weatherstrip retainers. 

E3 Install or Connect 

• Scrape excess sealer from weatherstrip retainers. 

• Apply a continuous bead of black ~therstrip 
adhesive to both sides of retainer channel. 
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• Using a flat-bladed tool, install lift-off panel 
opening weatherstrip (93) at the center upper 
area, and begin tucking in comers and top edges 
of weatherstrip, working around to the sides of 
the opening. · 

• When the weatherstrip is in position, place the 
roof lift-off panel on top of the weatherstrip so 
that proper adjustments between the lift-off panel 
weatherstrip and the lift-off panel opening 
weatherstrip (93) can be made and also to allow 
for correct alignment between the locator butt 
joints and the brackets on the front and rear 
weatherstrip retainers. 

1. Locator butt joints into brackets. 

2. Lock pillar end of lift-off panel opening 
weatherstrip (93) into weatherstrip retainer 
starting at the lift-off panel opening and working 
downward. 

3. Retainer (94). 

4. Windshield pillar end of lift-off panel opening 
weatherstrip (93) into weatherstrip retainer 
starting at the lift-off panel opening and working 
downward. 

5. Roof lift-off panel Refer to •Roof Lift-Off Panel 
Replacement• in this section. 

Weatherstrip Retainers 

Figure 23 

The weatherstrip retainers include the 
weatherstrip windshield pillar retainer and the 
weatherstrip body lock pillar retainer. 

l++I Remove or Disconnect 

1. Lift-off panel opening weatherstrip. Refer to 
"Lift-Off Panel Opening Weatherstrip" in this 
section. 

2. Screws (95). 

3. Weatherstrip windshield pillar retainer (96) and 
weatherstrip body lock pillar retainer (97). 

E3 Install or Connect 

1. Weatherstrip windshield pillar retainers (96) and 
lock pillar retainer (97). 

2. Screws. (95). 

• Seal screws to prevent waterleaks. 

3. Lift-off panel opening weatherstrip. Refer to 
"Lift-Off Panel Opening Weatherstrip" in this 
section. 

UNIT REPAIR 

Ha new glass panel is being installed, transfer the 
hardware from the original glass panel to·the new glass 
panel as a bench operation. 

~ SCREW 

~ WEATHERSTRIP WINDSHIELD PILLAR RETAINER 

~ WEATHERSTRIP BODY LOCK PILLAR RETAINER 
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Figure 23 - Weatherstrip Retainers 

Roof Lift-Off Panel Assembly 
Figures 24 through 27 

l++f Remove or Disconnect 

• Roof lift-off panel from vehicle. Refer to "Roof 
Lift-Off Panel Replac~ment'' ~ this section. 
• Place on a clean, protected surface. 

EE) Disassemble 

Tool Required: 
J 21104-B Weatherstrip Remover 

1. Lock handle sc~ew (101). 
2. Lock handle (100). 
3. Support cover screws (98). 
4. Support cover (99). 

~ SUPPORT COVER SCREW 

~ SUPPORT COVER 

~ LOCK HANDLE 

1, 01 I LOCK HANDLE SCREW 

KC03 108-P-RP 

Figure 24 - Lock Handle and Support Cover 



5. Screws (104). 

NOTICE: Break the weatherstrip adhesive bond 
carefully to prevent damage to the weatherstrip. 

6. Side · roof rail weatherstrip (103) from the 
weatherstrip retainer (102) by carefully pulling 
on the side roof rail weatherstrip (103) while 
breaking the adhesive bond with J 21104-B. 

• A · suitable release agent or heat gun will 
help break the weatherstrip adhesive bond. 

7. Tabs on side roof rail weatherstrip (103) through 
the retainer slots. 

RETAINER SLOT 

TAB 

BUTT JOINT 

WEATHERSTRIP RETAINER 

SIDE ROOF RAIL WEATHERSTRIP 

SCREW 
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Figure 25 - Side Roof Rail Weatherstrip 

8. Screws (106). 
9. Weatherstrp retainer (105) using a flat-bladed 

tool. 

~ 
~ SCREW 
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Figure 26 - Weatherstrip Retainer• Roof Lift-Off Panel 
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10. Sealing strip (107) by pulling upward. 
11. Latch screw (109). · 
12. Roof glass latch (108). 

~ 
, ~ SUPPORT COVER 

~ LOCK HANDLE 

1, 01 I LOCK HANDLE SCREW 

11011 SEALING STRIP 

j10aj ROOF GLASS LATCH 

l1osl LATCH SCREW 
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Figure 27 - Roof Glass Latch 

l+!+I Assemble 

rn Important 

• When installing a replacement roof lift-off 
panel, be sure to replace a glass panel with a 
glass replacement panel and an acrylic panel 
with an acry lie replacement panel. Both 
panels On the vehicle must be either glass or 
acrylic. 

1. Roof glass latch ( 108). 
2. Latch screw (109). 
3. Sealing strip (107). 
4. Weatherstrip retainer (105). 
5. Screws (106). 

• Be sure to seal screws to prevent waterleaks. 
6. Side roof rail weatherstrip (103). 

• Scrape excess sealer from weatherstrip 
retainer (105). 

• Apply a continuous bead of black 
weatherstrip adhesive to weatherstrip 
retainer (105). 

• Insert tabs on the side roof rail weatherstrip 
(103) into the retainer slots. 

7. Screws (104). 
• Loosely install screws (104). 
• Align butt joints at front and rear. 
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• Completely install screws (104). 
8. Support cover (99). 
9. Support cover screws (98). 

10. Lock handle (100). 
11. Lock handle screw (101). a Install or Connect 

• Roof lift-off panel to vehicle. Refer to "Roof 
Lift-Off Panel Replacement" in this section. 

Latch Lock 
Figure 27 and 28 

I +-+f Remove or Disconnect 

l. Roof lift-off panel from vehicle. Refer to • Roof 
Lift-Off Panel Replacement" in this section. 
• Place on a clean. protected surface. 

2. Lock handle screw (101). 
3. Lock handle (100). 
4. Support cover screws (98). 
5. Support cover (99). 
• Drill out rivets (113) . in the lock cylinder cover 

(112). 
6. Lock cylinder cover (112). 
7. Retainer (111). 
8. Latch lock (110). a Install or Connect 

1. Latch lock (I IO). 
2. Retainer ( 111 ). 
3. Lock cylinder cover (112). 
4. Rivets (113). 
5. Support cover (99). 
6. Support cover screws (98). 

7. Lock handle (100). 
8. Lock handle screw (101). · 
9. Roof lift-off pan~ to vehicle. Refer ~ "Roof 

Lift-Off Panel Replacement" in this section. 

B LATCHLOCK 

B RETAINER 

--

!1121 LOCK CYLINDER COVER 

B RIVET 

Figure 28 - Latch Lock 

Panel Channels 

-
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Panel channels are attached to the front and rear 
edges of the acrylic roof lift-off panels. The glass roof 
lift-off panels do not have panel channels. 

Panel channels cannot be removed without 
· damaging the acrylic roof lift-off panel. ff the channels 

are damaged, the roof lift-off panel must be 
disassembled and the acrylic panel replaced. Refer to 
"Roof Lift-Off Panel Assembly" in this section. 

SPECI FICA TIO NS 

FASTENER TORQUE SPECIFICATIONS 

Support Mount Latch Plate Nut ........................................................ .. .. ........... 7 N·m (62 lb. in.) 
Latch Striker Screws .......................................................................................... 6 N·m (53 lb. in.) 
Folding Top Assembly Nut ............................................................................... 10 N·m 89 lb. in.) 

SPECIAL TOOLS 

[D ~ J21104-B 

~ WEATHERSTRIP REMOVER 

KC0101-108-1'-RP 
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SECTION 10-9 

SEATS 
The following •Notice• applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: •NOTICE: See "Notice" on page 10-9-1 
of this section." 

NOTICE: When fasteners are removed. always reinstall them at the same location from which they were 
removed. Ha fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed. parts or system damage 
could result. 

CONTENTS 
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Front Seat Assembly .................................... 10-9-1 
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Head Restraint Cover .............................. 10-9-3 
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Inertia Seatback Lock Check . .......... ........ 10-9-9 
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Floor Pan Attachment Adjustment ....... 10-9-10 
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FRONT SEATS 
The Camaro has two different bucket seats 

available (Figure l). Both seat types have inertia 
seatback locks, manual seatback recliners and manual 
seat adjusters. A power 6-way seat adjuster is available 
on the driver's seat. The optional custom seat has an 
adjustable head restraint. 

The seatbacks and seat cushions have formed 
foam pads that fit the contours of the seatback and seat 
cushion frames. 

CAUTION: Do not try to change the 
designed seat position by changing 
the seat adjuster-to-floor pan anchor 
placement or the seat adjuster-to-seat 
frame anchor placement. Changing 
the designed seat position could 
affect the safe performance of the 
seat and cause personal injury. 

FRONT SEAT ASSEMBLY 
Figure2 

The front seats are held onto the floor pan by nuts 
installed onto anchor plate studs. Adjuster track covers 
are installed over the nuts. 

Diagnosis ................................................ 10-9-11 
Adjustments ............................................ 10-9-11 
Adjuster Assembly .. . ... ........... ... .. ...... ..... 10-9-13 
Motor Replacement ................. ............... 10-9-13 
Power Adjuster Switch .......................... 10-9-14 

Rear Seats ....................................................... 10-9-14 
Seat Cushion ................. ....... ... ............ ........ 10-9-14 
Seatback ...................................................... 10-9-15 
Trim and Covers ..... .............. ......... .. .......... 10-9-16 

Shoulder Strap Guide ............................. 10-9-16 
Seat Cushion Cover ................................ 10-9-16 
Seatback Cover . ................. ......... ......... ... 10-9-18 

Seatback Lock and Striker ......................... 10-9-18 
Seatback Lock ............... ........... .............. 10-9-18 
Striker . ... . . ... . . .. .. . . .. . .. . .. .. . . . ...... .. ... . . . . . . . . . . .. 10-9-18 

Specifications .................................................. 10-9-21 
Special Tools .................................................. 10-9-21 

l++I Remove or Disconnect 

• Move the seat to full-forward position. 
1. Screws (1). 
2. Adjuster track covers (2). 
3. Nuts (3). 
• Move the scat to full-rearward position. 
4. Screws (1). 
5. Adjuster track covers (2). 
6. Nuts (3). 
• Tilt the seat rearward and disconnect the 

electrical connectors, if present. 

NOTICE: Failure to place a protective shield over 
nearby trim and paint may cause damage to the 
vehicle. 

• Place a protective shield over nearby trim and 
paint. 

7. Seat from vehicle. 

l++f Install or Connect 

NOTICE: See "Notice" on page 10-9-1 of this 
section for steps 2 and 5. 
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0 HIGHBACK BUCKET SEAT 

[!] OPTIONAL CUSTOM SEAT 

Figure 1 - Front Seats 

1. Seat to vehicle. 
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• Tilt seat rearward and connect electrical 
connectors, if present. 

• Remove protective shield. 
• If the seat is not full-rearward, move the seat to 

full-rearward position. 
2. Nuts (3). 

l~I Tighten 
• Nuts to 25 N ·m (18 lb. ft.). 

3. Adjuster track covers (2). 
4. Screws (1). 
• Move seat to full-fory.,-ard position. 
5. Nuts (3). 

l~I Tighten 
• Nuts to 25 N ·m (18 lb. ft.). 

6. Adjuster track covers (2). 
7. Screws (1). 

TRIM AND COVERS 
The seatbacks and seat cushions have formed 

foam pads that fit the contours of the seatback and seat 
cushion frames. The pads are covered by either cloth 
or leather seat covers. 

Trim Removal 
Figures 3 and 4 

Any trim that is on the seats must be removed 
before the seat covers can be removed. Seat trim 

includes the shoulder strap guide (10) on all seats· the 
upper bing~ cover (7), lower hinge cover (8) with the 
adjuster switch on power seats; and the upper hinge 
cover (7) and lower hinge cover (8) on manual seats. 
To remove the trim, remove the screws (6). 

NOTICE: Overtightening the trim screws may 
cause damage to the trim. . 

To replace the trim, hold the trim in position and 
install the screws (6). 

Seat Covers 
Figures 4 through 9 

Replacement seat covers are one piece. They 
cover foam pads and are held onto the seat frame with 
bolster wires, zippers and trim retainer rings. Seat 
cover repair is not recommended because of the 
high-stress use of the seat covers. 

l++I Remove or Disconnect 
1. Head restraint from optional custom seat. Refer 

to "Head Restraint* _in this section. 
2. Head restraint guide from optional custom seat. 

Refer to "Head Restraint Guide• in this section. 
3. Shoulder strap guide screws (6) on highback seat. 
4. Shoulder strap guide (10) on highback seat. 
• If the seatback cover only is being removed, then 

the entire seat assembly does not have to be 
removed. Skip steps 5 and 6. 

5. Seat. Refer to "Front Seat Assembly" in this 
section. 

6. Seat adjusters. Refer to "Manual Seat Adjusters" 
or "Power Seat Adjusters" in this section. 

7. Seat trim. Refer to "Trim Removal• in this 
section. 

8. Recliner bolts (15). 
9. Seatback pivot bolt (11), bushing (12) and washer 

(13). 
10. Seatback (14). 
11. Seatback cover (17), if necessary as follows: 

• Unzip seatback zipper. 
• Remove bolster wires (20) from padwire. 
• Remove cover. 

12. Seat cushion cover (19), if necessary as follows: 
• Note position of trim retainer rings (18). 
• Remove trim retainer rings (18). 
• Remove bolster wires (20). 
• Remove cover. 

!++I Install or Connect 
NOTICE: See "Notice" on page 10-9-1 of this 
section for steps 4 and 5. 

1. Seat cushion cover (19), if necessary as follows: 
• Install seat cushion cover (19) over pad. 
• If installing a replacement seat cushion 

cover, remove the bolster wires (20) from 
the old seat cover and insert the bolster 
wires (20) into the pockets in the 
replacement seat cover. 



0 MANUALSEATS 

0 POWER DRIVER'S SEAT 

E] SCREW 

[I] ADJUSTER TRACK COVER 

0 NUT 

0 ADJUSTER 

[I] STUD 

SEATS 10-9-3 

KC1&02·109-f-RP 

Figure 2 • Removing Seats From Floor Pan 

• Install bolster wires (20). 
• Install trim retainer rings (18). 

2. Seatback cover (17). if necessary as follows: 
• Install seatback cover (17) over pad. 
• If installing_ a replacement seatback cover, 

remove the bolster wires (20) from the old 
seat cover and insert the bolster wires (20) 
into the pockets in the replacement seat 
cover. 

• Install bolster wires (20). 
• Zip seatback zipper. 

3. Seatback (14). 
4. Bushing (12), seatback pivot bolt (11) and washer 

(13). 

l~I Tig~ten 
• Seatback pivot bolt to 50 N·m (37 lb. ft.). 

5. Recliner bolts (15). 

l~I Tighten 
• Recliner bolts (15) to 27 N·m (20 lb. ft.). 

6. Seat trim. Refer to •Trim Removal" in this 
section. 

7. Seat adjusters. Refer to "Manual Seat Adjusters" 
or "Power Seat Adjusters" in this section. 

8. Seat. Refer to "'Front Seat Assembly"' in this 
section. 

9. Shoulder strap guide (10). 
10. Shoulder strap guide screws (6). 
11. Head restraint guide. Refer to "'Head Restraint 

Guide" in this section. 
12. Head restraint. Refer to "'Head Restraint" in this 

section. 

Head Restraint Cover 
Figure 10 

I++! Remove or Disconnect 

1. Head restraint. Refer to "Head Restraint" in this 
section. 

• Unzip the zipper. 
2. Head restraint cover (21). 
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Figure 3 - Hinge Covers 
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Figure 4 - Shoulder Strap Guide 
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Figure 5 - Removing Seatback (Typical) 
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Figure 6 - Seatback Zipper and Trim Retainer Rings 

E3 Install or Connect 

1. Head restraint cover (21). 
• Zip the zipper. 
2. Head restraint. Refer to "Head Restraint" in this 

.section. 
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Figure 7 • Trim Retainer Rings 

HEAD RESTRAINT 
Figures 11 and 12 

The optional custom seat has an adjustable head 
restraint with a single support rod. The head restraint 
is designed so that it cannot be removed from the 
seatback without first inserting a flat tool inside the 
head restraint guide to release the lock clip. A head 
restraint lock-releasing tool can be made from 0.4 mm 
(1/64 inch) flexible steel strap (Figure 11). The flat 
surface of the tool will release the spring lock tab. 

l+-+I Remove or Disconnect 
1. Screw (6). 
2. Shoulder strap guide (10). 
3. Head restraint (22). 

• Raise head restraint (22) to up position. 
• Insert head restraint lock-releasing tool 

down the front surface of the support rod 
(23) until the head restraint lock-releasing 
tool stops. 

• Push the head restraint (22) and the head 
restraint lock-releasing tool to down 
position at the same time. 

• Lift the head restraint (22) out of the 
seatback. · 

• Lift the head restraint lock-releasing tool 
out of the seatback. 
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Figure 8 - Seatback Bolster Wire (Typical) 

E3 Install or Connect 
1. Head restraint (22) by inserting the support rod 

(23) into the seatback and lowering the head 
restraint (22) to down position. 

2. Shoulder strap guide (10). 
3. Screw (6). 
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Figure 9 - Seat Cushion Bolster Wire 

HEAD RESTRAINT GUIDE 
Figure 13 

l++I Remove or Disconnect 

1. Head restraint. Refer to "Head Restraint" in this 
section. 

2. Screws (24). 
3. Head restraint escutcheon (25). 
4. Guide (26). 

• Move foam pad away from the guide (26). 
• Using hard thumb pressure, unsnap the 

guide (26) from the seatback panel. 

SEATS 10-9~7 

E3 Install or Connect 

1. Guide (26) into seatback. Snap into position. 
2. Head restraint escutcheon (25). 
3. Screws (24) . . 

0 ZIPPER 

e!) HEAD RESTRAINT COVER 
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Figure 10 - Head Restraint Cover 

4. Head restraint. Refer to "Head Restraint" in this 
section. 

RECLINING SEATBACK 

Figure 14 

Bucket seats have a tubular frame seatback and 
a manual seatback recliner. The recliner control (16) 

0 0.4mm 11/64"1 FLEXIBLE STEEL STRAP 

C0030-1 

Figure 11 - Head Restraint Lock-Releasing Tool 
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Figure 12 - Removing Head Restraint 

is mounted on the outboard side of the seat and 
controls the seatback angle. The inner hinge arm bolt 
acts as a pivot point for the seatback. The recliner 
control (16) has an inertia seatback lock that lets the 
occupant move the seatba<;k without a lever. If the 
vehicle stops or slows down suddenly or if the vehicle 
is declined 20 degrees or more, the inertia seatback lock 
locks the seatback and the emergency release lever 
must be used to move the seatback. 

The seatback angle can be changed by lifting the 
recliner control handle (30). Lifting the recliner control 
handle (30) releases the lock bars (28) and lets the 
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Figure 13 - Head Restraint Guide 

seatback pivot forward or rearward. Releasing the 
recliner control handle (30) lets the cam plate (29) 
move clockwise, which causes the lock bar teeth to lock 
the seatback in the new position. The recliner control 
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KC1&14-109-F-RP 

Figure 14 - Recliner Control Installed 

handle (30) should return automatically to its original 
position. 

Recliner Control Check 

IL•! Inspect 

• Recliner Control 

• Lift the recliner control handle and press 
the seatback rearward into the fully reclined 
position, checking ease of recliner control 
handle operation and seatback movement. 

• Release the recliner control handle, 
checking . that it returns to its original 
position and that the seatback remains fully 
reclined. 

• Lift the recliner control handle and pull the 
seatback forward to an intermediate 
reclined position. 

• Release recliner control handle. 
• Press the seatback rearward to check that 

the seatback is locked and stays in position. 
• Lift the recliner control handle and move 

the seatback to normal position, checking 
ease of recliner control handle operation 
and seatback return. 

• Release recliner control handle. 
• Press the seatback rearward to check that 

the seatback is locked and stays in position. 
• If the recliner control does not operate correctly, 

remove and replace. Refer to "Recliner Control• 
in this section. 



Inertia Seatbeck Lock Check 
In-Vehicle 

IL•l 1nspect 

• 

• 

Inertia seatback lock . 
CAUTION: Perform the check in an 
area clear of other vehicles or 
obstructions. The driver must be 
buckled into the restraint system, and 
a helper must be buckled into the rear 
seat restraint system. The helper 
should hold the sides of the passenger 
seatback near the top with arms still 
and body relaxed. Failure to perform 
these precautions may cause damage 
to the vehicle and possible personal 
injury. 

• Drive the vehicle forward between 16 and 
24 km/h (10 and 15 mph). 
- When performing this check on the 

driver's seatback, the driver should 
lean forward slightly. 

- The helper must not push forward on 
the seatback before the driver applies 
the brakes. 

• Quickly apply the brakes to stop the vehicle 
as fast as possible without skidding the tires. 

• The inertia seatback lock should lock, and 
the top of the seatback should only move 
forward about 100 mm (4 inches). 

If either inertia seatback lock does not lock, 
perform the out-of-vehicle check. 
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Figure 15 - Checking Inertia Seatback Lock 

SEATS :10~M 

Out-of-Vehicle 

IL•l 1nspect 

• 

• 

Inertia seatback lock. 
• Remove the seat from the vehicle. Refer to 

"Front Seat Assembly" in this section. 
• Place the seat right side up on a clean 

surface. · · · 
• Raise the rear of the seat until the seatback 

is 6 degrees forward of vertical. 
• Place blocks under the rear of the seat to 

hold it in position (Figure 15). 
• Check that the seatback is locked in 

position. 
• Install the seat into the vehicle if the inertia 

seatback lock works properly. Refer to 
"Front Seat Assembly" in this section. 

If the inertia seatback lock does not work 
properly, the entire recliner control must be 
replaced. Refer to "Recliner Control" in this 
section. 

Recliner Control 

Figure 16 

E3 Remove or Disconnect 

• Place seatback in full-up position. 
1. Screws ( 6) . 
2. Upper hinge cover (7). 
3. Lower hinge cover (8). 

• NOTICE: While removing the recliner bolts, have 
a helper support the seatback. Without support the 
seatback may fall and cause damage to the pivot 
bolt. 

4. Recliner bolts (15). 
5. Recliner control (16). 
• Carefully lower the seatback. 

E) Install or Connect 

• Carefully raise the seatback and have a helper 
support it while the recliner control and recliner 
bolts are being installed. 

1. Recliner control (16). 

NOTICE: See "Notice" on page 10-9-1 of this 
section. 

2. Recliner bolts (15). 

l~I Tighten 
• Recliner bolts to 27 N ·m (20 lb. ft.). 

3. Lower hinge cover (8). 
4. Upper hinge cover (7). 
5. Screws (6). 
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Figure 16 - Removing Recliner Control 

MANUAL SEAT ADJUSTERS 

All passenger seats and some driver seats have 
manual seat adjusters attached to the seat cushion 
frame. An adjuster actuator lever is located at the 
lower front edge of the seat cushion. When the lever is 
moved to the left, the seat adjusters unlock. The seat 
can then be moved forward and rearward. The seat 
locks in place when the lever is released. 

The seat adjusters are held onto the seat cushion 
frame with bolts and to the floor pan with nuts installed 
over studs. Adjuster channel covers are installed 
between the seat cushion frame and the seat adjusters. 

Diagnosis 

1. Adjusters will not lock or will not unlock. 
Linking wire may be too loose. too tight or 
disconnected. 

- Return spring may be disconnected or 
damaged. 

- Lock bar may be stuck, or damaged. 

2. One adjuster locks and the other adjuster does 
not lock. 

- One adjuster may be forward or rearward of 
other adjuster. Make adjustments at the 
floor pan attachments. 

3. Seat is hard to move forward or rearward. 

- Adjusters may be new. Move seat forward 
and rearward several times to work 
tightness out of the channels. 

- Adjusters may not be lubricated properly. 

- Adjuster channels may be damaged. 

- Adjusters may not· be parallel. Make 
adjustments at the floor pan attachments. 

Floor Pan Attachment Adjustment 

Figure2 

A small amount of forward and rearward or side 
adjustment is p<>$ible at the seat adjuster floor pan 
attaching points. The adjustment can be used to align 
the seat adjusters with each other. 

f})I Adjust 

• Floor pan attachment. a Remove or Disconnect 

• Screws (1). 

• Adjuster track covers (2). 

• Loosen nuts (3). 

• Align seat adjusters (4). 

- Make sure seat adjusters are lined up 
front to rear. 

- Make sure seat adjusters are parallel 
to each other. 

NOTICE: See •Notice• on page 10-9-1 of this 
section. 

l~I Tighten 
• Nuts (3) to 27 N·m (20 lb. ft.). 

-E3 Install or Connect 

• Adjuster track covers (2). 

• Screws (1). 

JZ.•I Inspect 
• Floor pan attachment by moving the seat all the 

way forward and rearward, locking it in several 
sections. 

- Both seat adjusters should lock at each 
position. 

- Seat should move easily forward and 
rearward. 



Adjuster Replacement 
Figure 17 

l++I Remove or Disconnect 
1. Seat. Refer to "Front Seat Assembly" in this 

section. 
2. Lock bar spring (35) from the adjuster (4) being 

removed. 
3. Linking wire (32). 

• Squeeze hooked end of linking wire (32). 
• Slide retainer spring (33) over hump in the 

linking wire (32). · 
• Unhook linking wire (32) from lock bar 

(31). 
4. Seat bolts (36). 
5. Adjuster (4). 
6. Adjuster channel covers (34). 

E3 Install or Connect 

1. Adjuster channel covers (34). 
2. Adjuster ( 4). 

NOTICE: See "Notice# on page 10-9-1 of this 
section. 

3. Seat bolts (36). 

,~, Tighten 

• Seat bolts to 27 N ·m (20 lb. ft.). 
4. Linking wire (32) to lock bar (31). 

• Slide retainer spring (33) over the hump in 
the linking wire (32). 

5. Lock bar spring (35). 
6. Seat. Refer to •Front Seat Assembly" in this 

section. 

Adjuster Actuator Lever Knob 

Figure 18 

The adjuster actuator lever knob fits over the end 
of the adjuster actuator lever that comes out from 
under the seat cushion. The knob can generally be 
removed and installed several times without becoming 
too loose . . 

l++I Remove or Disconnect 

• Knob (37) from adjuster actuator lever. 
· • Place a protective covering over nearby 

trim. 
• Clamp locking pliers onto adjuster actuator 

lever. 
• Using a body spoon, pry downward to 

remove the knob. a Install or Connect 

• Knob (37) to adjuster actuator lever. 
• Place a protective covering over nearby 

trim. 

SEATS 10-9-11 

• Draw a pencil line on· the adjuster actuator 
lever 25 mm (1 inch) from the end as a guide 
for full-depth fit of the knob (37). 

• ·· Secure locking pliers to the adjuster 
actuator between the pencil line and the 
seat. · · 

NOTICE: While installing the adjuster actuator 
lever knob, take care not to bend the adjuster 
actuator lever. 

• Insert the knob (37) onto the adjuster 
actuator lever. 
- Gate marks on the knob (37) must face 

to the rear. · 
• Press the knob (37) firmly onto the aduster 

actuator lever. 

POWER SEAT ADJUSTERS 
Six-way power seat adjusters are available on the 

driver's seat. The adjusters use three 12 volt reversible, 
permanent-magnet motors controlled by a switch on 
the forward outboard side of the seat. 

Diagnosis 
1. One adjuster reaches maximum. horizontal or 

vertical position before the other adjuster. 
- Adjusters may be out of phase. 

2. Seat does not move smoothly. 
- Adjuster shoes and channels may not be 

properly lubricated. 
- Horizontal actuator gear may be too tight. 

3. One adjuster will not move forward and 
backward. 
- Horizontal drive cable may be disconnected 

or damaged. 
- Horizontal actuator may be damaged. . 

4. One adjuster will not move up and · down. 
- Vertical drive cable may be disconnected or 

damaged. 
- Vertical actuator may be damaged. 

Adjustments 
Figure 19 

With seat adjuster assembly installed chucking or 
jerking can be corrected by tightening or loosening the 
horizontal actuator and pinion gear to the adjuster 
lower track rack gear. 

~ Adjust 

• Horizontal actuator (39). 
• Operate seat to full-up position and about 

3/4-forward position. 
• Loosen screws (38). 
• . Using a large screwdriver ·apply 67 to 111 

newtons (15 to 25 pounds) of outward 
pressure on the horizontal actuator (39). At 
the same time use the horizontal switch to 
move the seat forward and backward to help 
seat the horizontal actuator pinion gear 
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Figure 17 - Manual Seat Adjusters (Typical) 
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Figure 18 - Adjuster Actuator Lever Knob 

teeth tight to the lower track rack gear teeth 
and eliminate any free play. 

• While keeping pressure on the horizontal 
actuator (39), tighten the screw (38). 

Seat Adjuster Phase 

When one adjuster reaches either maximum 
horizontal or maximum vertical travel before the other, 

SCREWDRIVER 

SCREW 

HORIZONTAL ACTUATOR 
KC1518-1D9-f..llP 

Figure 19 - Adjuster Horizontal Actuator 

the adjusters are out of phase. Out-of-phas.e adjusters 
can occur over time or when the seats are serviced. 

I~! Adjust 
1. Horizontal phase. 

• Operate horizontal switch until one adjuster 
reaches full-forward position. 

• · Detach horizontal drive cable from the 
full-forward adjuster. 

• Operate horizontal switch until the other 
adjuster reaches full-forward position. 



• Connect horizontal drive_cable. 

IL•I Inspect 
• Horizontal travel. 

2. Vertical phase. 
• Operate vertical switch until one adjuster 

reaches full-up position at both front and 
rear. 

• Disconnect both front and rear vertical 
drive cables from the full-up adjuster. 

• Operate vertical switch until the other 
adjuster reaches full-up position at both 
front and rear. 

• Connect vertical drive cables. 

IL•I Inspect 

• Vertical travel 

Adjuster Assembly 
Figures 20 through 22 

E3 Remove or Disconnect 

1. Seat. Refer to •Front Seat Assembly• in this 
section. 

2. Drive cables (41). 
3. Electrical connector ( 43) from motors ( 40). 
4. Nut (45) securing the front of the motor support 

(44) to the adjuster (4). 
5. Motor support (44) with motors (40) attached. 
6. Seat bolts (36). 
7. Cover (42). 
8. Adjuster (4). 

F!3 Disassemble 

• Adjuster ( 4 ). 
CAUTION: Failure to place the 
adjuster in a bench vise before 
removing the rear vertical actuator 
nut will cause ejection of the 
compressed assist spring and possible 
personal injury. 

• Remove rear vertical actuator nut ( 49). 
• Place adjuster ( 4) in a bench vise and 

remove the rear vertical actuator nut 
(49). 

• Open the vise slowly to relieve assist 
spring compression and remove the 
adjuster ( 4) from the vise. 

• Remove assist spring (51). 
• Remove front vertical actuator nut (48). 
• Remove screw (38). 
• Remove horizontal actuator (39). 
• Remove vertical actuator screws (50). 
• Remove rear vertical actuator (47). 
• Remove front vertical actuator ( 46). 

l:i:I Assemble 

• Adjuster (4). 
• Install front vertical actuator (46). 

SEATS 10-9-13 

• Install rear vertical actuator (47). 
• Install vertical actuator screws (50). 
• Install horizontal actuator (39). 
• Install screw (38). 
• Install front vertical actuator nut ( 48). 
• Install assist spring (51). 
• . Install rear vertical actuator nut ( 49). 

• Place adjuster (4) into a benchvise. 
• Carefully compress the assist spring 

(51) and install the rear vertical 
actuator nut ( 49). 

• Remove adjuster (4) from the 
bench-vise. 

E3 Install or Connect 

1. Adjuster ( 4). 
2. Cover (42). 

NOTICE: See •Notice" on page 10-9-1 of this 
section. 

3. Seat bolts (36). 

,~, Tighten 

• Scat bolts to 27 N ·m (20 lb. ft.). 
4. Motor support (49) with motors (40) attached. 
5. Nut (45). 
6. Electrical connector ( 43) to motors ( 40). 
7. Drive cables (41). 
8. Seat. Refer to "Front Seat Assembly• in this 

section. 

Motor Replacement 
Figures 20 and 21 

l++I Remove or Disconnect 

1. Seat. Refer to "Front Seat Assembly• in this 
section. 

2. Drive cables ( 41 ). 
3. Electrical connector (43) from motors (40). 
4. Nat (45). 
5. Motor support (44) with motors (40) attached. 
6. Motors (40) from motor support (44). 

, • Grind off ends of grommet to separate the 
motors (40) from the motor support (44). 

l++I Install or Connect 

1. Motors ( 40) and new grommet to the motor 
support ( 44). 
• Drill out top end of grommet using a 

3/16-inch drill. 
• Secure motors (40) to motor support (44) 

with 3/16-inch rivets. 
2. Motor support (44) with motors (40) attached. 
3. Nut (45). 
4. Electrical connector ( 43) to motors ( 40). 
5. Drive cables (41). 
6. Seat. Refer to "Front Seat Assembly" in this 

section. 
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Figure 21 - Motor Support 

Power Adjuster Switch 
Figurs23 

E3 Remove or Disconnect 

1. Screws (6). 
2. Upper hinge cover (7). 
3. Lower hinge cover (8). 
4. Electrical connector (9). 
5. Switch screws (55) from retainers (52). 
6. Escutcheon (54) and switch (53) from lower 

hinge cover (8). 
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Figure 22 - Actuators 
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7. Escutcheon (54) from switch (53). 

E) Install or Connect 

1. Escutcheon (54) to switch (53). 
2. Escutcheon (54) and switch (53) to lower hinge 

cover (8). 
3. Switch screws (55) through lower hinge cover (8) 

and escutcheon (54). 
4. Retainers (52) to switch screws (55). 
5. Electrical connector (9). 
6. Lower hinge cover (8). 
7. Upper hinge cover (7). 
8. Screws (6). 

REAR SEATS 
The rear seatback is either full or split. Both types 

are held onto_ the vehicl~ with studs and nuts. 
The rear seat cushions are split. They are held 

onto the vehicle with bolts. 

SEAT CUSHION 
Figure24 

I++! Remove or Disconnect 

1. Bolt (57). 
2. Seat cushion (56) by pulling upward and forward. 

NOTICE: Failure to place a protective shield over 
nearby trim and paint may cause damage to the 
vehicle. 
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Figure 23 - Power Adjuster Switch 

• Place a protective shield over nearby trim and 
paint. 

3. Seat cushion (56) from vehicle. 

• On the convertible, remove the seat cushion 
through the side door, being careful not to 
damage front seats. 

• On the hardtop, remove the seat cushion 
through the rear compartment lift window, 
being careful not to damage the rear 
seatback. 

• Remove protective shield. 

l++I Install or Connect 

NOTICE: Failure to place a protective shield over 
nearby trim and paint may cause damage to the 
vehicle. 

• Place a protective shield over nearby trim and 
paint. 

1. Seat cushion (56) into vehicle. 

SEATS- 10-9-t!i 

• On the convertible, load the seat cushion 
through the side door, being careful not to 
damage the front seats. 

• On the hardtop, load the seat cushion 
through the rear compartment lift window, 
being careful not to damage the rear 
seatback. 

• Remove protective shield. 
2. Seat cushion by pushing the seat cushion (56) 

rearward. 

NOTICE: See "Notice• on page 10-9-1 of this 
section. 

3. Bolt (57) through anchor wire loop into the hole 
in the floor pan. 

l~I Tighten 
• Bolt to 12 N·m (106 lb. in.). 

SEATBACK 
Figure26 

EJ Remove or Disconnect 

1. Seat cushion. Refer to •Seat Cushion" in this 
section. 

2. Shoulder strap guide. Refer to •shoulder Strap 
Guide• in this section. 

3. Seatback lock (59) from striker (58). 
4. Nuts (61) from seat studs. 
5. Seat studs from outer pivot supports by lifting 

upward on the outboard side of the seatback (60). 
• On split seatbacks, slide the inner pivot support 

off of the floor stud. 

NOTICE: Failure to place a protective shield over 
nearby trim and paint may cause damage to the 
vehicle. 

• Place a protective shield over nearby trim and 
paint. 

6. Seatback ( 60) from vehicle. 
• On the convertible, remove the seatback 

(60) through the side door, being careful not 
to damage the front seats. 

· • On the hardtop remove the seatback ( 60) 
through the rear compartment lift window. 

• Protective shield. 

E3 Install or Connect 

NOTICE: Failure to place a protective shiel4 over 
nearby trim and paint may cause damage to the 
vehicle. 

1. Protective shield over nearby trim and paint. 
2. Seatback ( 60) into vehicle. 

• On the convertible, load the seatback (60) 
through the side door, being careful not to 
damage front seats. 

• On the hardtop, load the seatback ( 60) 
through the rear compartment lift window. 
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Figure 24 - Rear Seat ·cushion 

• Remove protective shield. 

• On split seatbacks, slide the inner pivot support 
onto the floor stud. 

3. Seat studs into outer pivot supports. 

4. Nuts (61) to seat studs loosely. 

5. Seatback lock (59) to striker (58). 

NOTICE: See "Notice"' on page 10-9-1 of this 
section. 

l~I Tighten 
• Nuts (61) on the split rear seatback to 27 

N·m (20 lb. ft.). 

• Nuts (61) on the full rear seatback to 25 
N ·m (18 lb. ft.). 

6. Seat cushion. Refer to "Seat Cushion" in this 
section. 

7 Sh_oulder strap guide. Refer to • Shoulder Strap 
Guide' in this section. 

TRIM AND COVERS 

The rear seat cushions and seatbacks have formed 
foam pads that fit the contour of the seat frames. The 
seat covers are either cloth or leather. They are held 
onto the seat with trim retainer rings, bolster wires and 
zippers. A shoulder strap guide is attached to the 
outboard sides of the seats with screws. 

Shoulder Strap Guide 
Figure28 

l++I Remove or Disconnect 

1. Screws (63). 
2. Shoulder strap guide (62). 

E3 Install or Connect 

1. Shoulder strap guide (62). 

NOTICE: See 'Notice" on page 10-9-1 of this 
section. 

2. Screws (63). 

l~I Tighten 

• Screws to 10 N·m (89 lb. in.). 

Seat Cushion Cover 
Figure 27 

E3 Remove or Disconnect 

1. Seat cushion from vehicle. Refer to "Seat 
Cushion" in this section. 

2. Trim retainer rings (18) on the bottom of the seat 
cushion. 
• Note position of trim retainer rings (18). 
• Pull seat cushion cover (64) away from the 

foam pad to expose the bolster wires (20). 
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Figure 25 - Rear Seatback 

\ 
I 

I 
.. · ...... ,..._ 

I
. . 

~ SHOULDER STRAP GUIDE 

~ SCREW 
KC1528-109-F-RP 

Figure 26 - Rear Seat Shoulder Strap Guide 

3. Remaining .trim retainer rings (18). 
• Note position of trini retainer rings. 

4. Bolster wires (20) from the pad wires. 
S. Seat cushion cover (64). 

E) Install or Connect 

• Turn seat cushion cover (64) inside out. 

• If installing a replacement seat cushion cover 
(64), remove the bolster wires (20) from the old 
seat cushion cover pockets, and slide the bolster 
wires (20) into the replacement seat cushion cover 
pockets. 

1. Bolster wires (20) to the pad wires. 
2. Trim retainer rings (18) where the old trim 

retainer rings were removed. 
3. Seat cushion cover (64) over pad by turning the 

seat cushion cover right side out. 
4. Trim retainer rings (18) where the old trim 

retainer rings were removed from the bottom of 
the seat cushion. 

• Remove backing from velcro, or equivalent, strip. 
5. Seat cushion to vehicle. Refer to •Seat Cushion• 

in this section. 

0 PADWIRE 

0 POCKET 

(£] VELCRO, OR EQUIVALENT, STRIP 

(£] BACKING 

E!) TRIM RETAINER RING 

§] BOLSTER WIRE 

§) SEAT CUSHION COVER 

KC1525-1~P 

Figure 27 - Rear Seat Cushion Cover 
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Seatback Cover 
Figures 28 and 29 

E3 Remove or Disconnect 

1. Seatback from vehicle. Refer to •seatback" in 
this section. 

• Unzip zipper. 
2. Trim retainer rings (18) at the bottom of the 

seatback. 
• - Note position of trim retainer rings. 

3. Trim retainer rings (18) from the cord pocket. 
• Lift seatback cover (65) away from the pad 

to expose the cord pocket. 
4. Seatback cover (65). 

E3 Install or Connect -

1. Seatback cover ( 65). 
2. Trim retainer rings (18) through the cord pocket 

to the pad wire. 
• Fold seatback cover (65) to expose the cord 

pocket. 
• Pull seatback cover (65) down over foam pad. 
• Pull side facings into position. 
3. Trim retainer rings (18). 
• On split seats, pull the seaming laces into 

position. 
4. Trim retainer rings (18)~ 
• Pull the front facing extension into position, if 

present. 
5. Trim retainer rings (18). 
• Pull rear facing extension into position. 
• Zip zipper. 
6. Seatback. Refer to "Seatback" in this section. 

SEATBACK LOCK AND STRIKER 
The rear seat folds down to provide additional 

storage space in the rear of the vehicle. The seatback 
locks are located on the outboard sides of the seat. The 
strikers are located on the wheelhouse panels. 

Seatback Lock 
Figurs30 

E3 Remove or Disconnect 

1. Seat cushion. Refer to "Seat Cushion" in this 
section. 

2. Seatback. Refer to "Seatback" in this section. 
3. Screws (66). 
4. Seatback lock (59) and washer (67). 

E3 Install or Connect 

1. Washer (67) and seatback }Qck (59). 

NOTICE: See "Notice" on page 10-9-1 of this 
section. 

2. Screw (66). 

l~I Tighten 

• Screw to 27 N • m (20 lb. ft.). 
3. Seatback. Refer to "Seatback" in this section. in 

this section. 
4. Seat cushion. Refer to "Seat Cushion" in this 

section. 

Striker 
Figure 31 

l++I Remove or Disconnect 
Tool Required: 

I 29843-9 Door Lock Striker and Seat Belt 
Torx Wrench 

• Striker bolt (70), sleeve (69) and washer (68) 
using I 29843-9. 

E3 Install or Connect 
1. Washer (68) and sleeve (69) over striker bolt (70). 

NOTICE: See "Notice" on page 10-9-1 of this 
section. 

2. Striker bolt (70) using I 29843-9. 

l~I Tighten 
• Striker bolt to 50 N·m (37 lb. ft.). 
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Figure 28 - Seatback Cover Bottom Attachment 
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Figure 29 - Seatback Cover Inner Attachment (Typical) 
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Figure 30 - Seatback Lock 
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Figure 31 - Striker 
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SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

Seat Adjuster-to-Floor Pan Nut ....................................................................... 25 N ·m (18 lb. ft.) 
Seat Adjuster-to-Seat Frame Bolt ..................................................................... 27 N ·m (20 lb. ft.) 
Front Seat Pivot Bolt ......................................................................................... 50 N·m(37 lb. ft.) 
Recliner-to-Seat Frame Bolt .. ........................................................................... 27 N ·m (20 lb. ft.) 
Rear Seat Cushion-to-Seat Floor Pan Bolt .......................................... ..... ..... 12 N ·m (106 lb. in.) 
Seat Studs-to-Outer Pivot Support Nut 

Split Seat back . ..... .. ... . ............... ....... ......... ..... ............ ..... ... .............. ....... .... ... 27 N · m (20 lb. ft.) 
Full Seatback ................................................................................................. 25 N ·m (18 lb. ft.) 

Rear Shoulder Strap Guide-to-Seatback Frame .............................................. 10 N·m (89 lb. in.) 
Seatback Lock-to-Seatback Frame Screw ......................................................... 27 N·m (20 lb. ft.) 
Striker Bolt ........................................................................................................ 50 N ·m (37 lb. ft.) 

SPECIAL TOOLS 

DOOR LOCK STRIKER 
AND SEATBELT TORX WRENCH 

KC0007-1010.B-RP 
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SECTION 10-10 

SAFETY BELTS 
The following "Notice" applies to one or more steps in the assembly procedure of components in this portion 

of the manual as indicated at appropriate locations by the terminology: "NOTICE: See "Notice" on page 10-10-1 
of this section." 

NOTICE: When fasteners are removed, always reinstall them at the same location from which they were 
removed. If a fastener needs to be replaced, use the correct part number fastener for that application. If the correct 
part number fastener is not available, a fastener of equal size and strength (or stronger) may be used. Fasteners 
that are not reused, and those requiring thread locking compound will be called out. The correct torque value must 
be used when installing fasteners that require it. If the above conditions are not followed, parts or system damage 
could result. 

CONTENTS 
Restraint Systems ................... .......................... 10-10-1 

Operational and Functional Checks ............ 10-10-1 
Safety Belt Check ..................................... 10-10-1 
Comfort Lock Check .... .............. ............. l 0-10-1 

Manual Safety Belts ..................................... 10-10-2 
Service Precautions ................................ 10-10-2 
Inner Floor Attachments ......................... 10-10-2 

RESTRAINT SYSTEMS 
The restraint system includes front and rear 

shoulder belts. A dealer installed child tether is 
available on all Canadian vehicles. 

The driver's seat safety belt includes a reminder 
lamp and tone alarm to warn the driver that the safety 
belt is not buckled and the engine control switch is 
turned "ON". If the driver's seat safety belt is 
buckled, the tone alarm will not operate, but the 
reminder lamp will stay on for 4 to 8 seconds. If the 
driver's seat safety belt is not buckled, both the time 
alarm and the reminder lamp will operate and stay on 
for 4 to 8 seconds. To diagnose a system failure for the 
tone alarm or reminder lamp, refer to ELECTRICAL 
DIAGNOSIS (SEC. 8A). 

The front seat shoulder belt retractor bas a 
comfort lock that lets the user lock the safety belt into 
a comfortable position.' If the user's door is opened, the 
comfort lock unlocks and the safety belt retracts. 

The safety belts :have an emergency lock in the 
retractQrs. The emergency lock stays unlocked to allow 
free movement except in emergency conditions. If the 
vehicle slows down, stops or changes lanes abruptly, the 
emergency lock engages to hold the safety belt and user 
in position. 

OPERATIONAL AND FUNCTIONAL CHECKS 

Safety Belt Check 

1. Remove the rear seat cushions. Refer to SEA TS 
(SEC. 10-9). 

2. Grasp the safety belt floor attachment both at the 
front and rear locations and manually check that 
the attachments are secure. 

Retractor Side Safety Belts 
(Hardtop) ............................................... 10-10-2 

Retractor Side Safety Belts 
(Convertible) .......................................... 10-10-5 

Child Seat ..................................................... 10-10-8 
Specifications .................................................... 10-10-8 
Special Tools .................................................... 10-10-9 

3. Install the rear seat cushions. Refer to SEATS 
(SEC. 10-9). 

4. Open lap belt retractor cover doors and remove 
shoulder belt retractor escutcheons. 

S. Check that the retractor attachments are secure. 
6. Close lap belt retractor cover doors and install 

shoulder belt retractor escutcheons. 
7. Visually check that the shoulder belt buckles face 

inboard and are accessible. 
8. Fully extend the shoulder belt and visually check 

that no twists are in it and that it extends 
completely and easily. 

9. Allow the shoulder belt to retract. 
10. Snap latch into buckle. 
11. Tug sharply on the buckle, checking that it 

remains locked. 
12. Push button on buckle. The latch must ·release 

from the buckle easily and the button return to 
its original position. 

Comfort Lock Check 
1. With the door closed, extend the front seat 

shoulder belt to where it would be if buckled. 
2. Let the shoulder belt retract at least 178 mm (7 

inches). 
3. Extend the shoulder belt 25 to 76 mm (1 to 3 

inches). 
4. Release the shoulder belt. 

- The comfort lock should engage and 
prevent the shoulder belt from retracting. 

5. Extend the shoulder belt 25 to 76 mm (1 to 3 
inches) and release. 
- The shoulder belt should return to the 

comfort lock position set previously. 
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6. Extend the shoulder belt 178 mm (7 inches) and 
release. · 
- The shoulder belt should completely 

retract. 

MANUAL SAFETY BEL TS 
The manual safety belts include both front and 

rear shoulder belt assemblies. The front shoulder belt 
assembly includes a retracting lap and retracting 
shoulder belt. The two belts are connected with a latch 
plate that connects to the buckle-side belt. On the 
hardtop, the rear shoulder belt assembly has a sliding 
latch plate and retracts at the shoulder. On the 
convertible, the rear shoulder belt ~bly includes a · 
retracting lap belt with a latch plate and a shoulder belt 
with a connector. The connector attaches to the latch 
plate. On both models, the latch plate connects to a 
buckle-side belt. 

Safety belts are important to the safety of vehicle 
users. Special care must be t.aken when servicing the 
safety belts. Do not attempt to make repairs to 
individual parts of the safety belt assemblies. The entire 
assembly must be replaced with a new service ~ 
replacement assembly. 

Service Precautions 
- Keep sharp edges and damaging objects away 

from safety belts. 
- Avoid bending or damaging any part of the safety 

belt buckle or latch plate. 
- Do not bleach or dye safety belt webbing. Clean 

only with a mild soap solution and water. 

NOTICE: See *Notice* on page 10-10-1 of this 
section. 

- Use correct safety belt anchor bolts and tighten 
to the correct torque values. Refer to 
*Specifications• in this section. 

Inner Floor Attachments 
Figures 1 and 2 

E3 Remove or Disconnect 

Tool Required: 
J 29843-9 Door Lock Striker and Seat Belt 
Torx Wrench 

1. Rear seat cushion for rear safety belt removal. 
Refer to SEATS (SEC. 10-9) 

2 . . Electrical connector (4) for driver's safety belt 
removal. 

3. Plug (2) from front seat safety belt anchor bolt 
(3). 

4. Anchor bolt (3) using J 29843-9. 
5. Sleeve (1) with the front seat safety belt or rear 

seat safety belt ( 6). 

E3 Install or Connect 

Tool Required: 
J 29843-9 Door Lock Striker and Seat Belt 
Torx Wrench 

L Sleeve (1) with the front seat safety belt or rear 
seat safety belt (6). 

NOTICE: See *Notice*on page 10-10-1 of this 
section. 

2. Anchor bolt (3) using J 29843-9. 

l~I Tighten 
- Anchor bolts to 42 N • m (31 lb. ft.) 

3. Plug (2). 
4. Electrical connector ( 4). 
5. Rear seat cushion. Refer to SEATS (SEC. 10-9). 

EJ SLEEVE 

0 PLUG 

12] ANCHORBOLT 

0 ELECTRICAL CONNECTOR 

KC1001-101o.,.AP 

Figure 1 - Front Safety Belt Inner Floor Attachment 

Retractor Side Safety Belts (Hardtop) 

Figures 3 through 5 

Front Seat 

J++I Remove or Disconnect 
Tool Required: 
J 29843-9 Door Lock Striker and Seat Belt 
Torx Wrench 
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Figure 2 - Rear Safety_ Belt Inner Floor Attachment 
(Typical) 

• Open retractor cover door. 
1. Lap belt retractor anchor bolt (3) using J 29843-9. 
2. Screw (9). 
3. Safety belt (8) from shoulder strap guide (7). 
4. Escutcheon (10) by unsnapping it from the 

headlining. 
5. Coat hook screws. 
6. Coat hook. 
7. Windshield side upper molding. Refer to ROOF 

AND CONVERTIBLE TOP (SEC. 10-8). 
8. Clips on headlining from the roof panel. 

NOTICE: Pulling too hard on the formed 
headlining will cause damage. 

• Carefully pull down on the shoulder belt 
retractor anchor bolts (3). 

9. Shoulder belt retractor anchor bolts (3) using J 
29843-9. 

10. Shoulder belt retractor (11) from between the 
roof panel and the headlining. 

11. Safety belt (8) with the shoulder belt retractor 
(11) and lap belt retractor (12) attached. 

E3 Install or Connect· 

Tool Required: 
J 29843-9 Door Lock Striker and Seat Belt 
Torx Wrench 
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NOTICE: See "Notice" on page 10-10-1 of this 
section for steps 3 and 11. 

1. Safety belt (8) with the shoulder . belt retractor 
(11) and lap belt retractor (12) attached. 

2. Shoulder belt retractor (11) to the roof panel. 
3. Shoulder belt retractor anchor bolts (3) using 

129843-9. 

l~I Tighten 
• Shoulder belt retractor anchor bolts (3) to 

27 N·m (20 lb. ft.) 
4. Clips on the headJining to the roof panel. 
5. Windshield side upper molding. Refer to ROOF 

AND CONVERTIBLE TOP (SEC. 10:.s). 
6. Coat Hook. 
7. Coat hook screws. 
8. Escutcheon (10). 
9. Safety belt (8) to shoulder strap guide (7). 

10. Screw (9). 
11. Lap belt retractor anchor bolts (3) using J 29843-9. 

l~I Tighten 
• Lap belt retractor anchor bolts (3) to 42 

N · m (31 lb. ft.) . 
. • Close retractor cover door. 

Rear Seat 

EJ Remove or Disconnect 

Tool Required: . 
J 29843-9 Door Lock Striker and Seat Belt 
Torx Wrench 

1. Rear seat cushioIL Refer to SEATS (SEC. 10-9). 
2. Lap belt anchor bolt (3) using J 29843-9. 
3. Guide loop screws (15). 
4. Guide loop (14) from seatback. 
5. Guide screw (17). 
6. Shoulder belt guide (16). 
7. Safety belt (13) from shoulder belt guide (16). 
8. Nut (19). 
9. Safety belt (13) with retractor (18) and guide loop 

(14) attached. · 

E3 Install or Connect 

Tool Required: 
J 29843-9 Door Lock Striker and Seat Belt 
Torx Wrench 

NOTICE: See "Notice" on Page 10-10-1 of this 
section for steps 2 and 8. · 

1. Safety belt (13) with retractor (18) and guide loop 
(14) attached. 

2. Nut (19). 

l~l Tighten 
• Nut (19) to 42 N·m (31 lb. ft.). 

3. Safety belt (13) through shoulder belt guide (16). 
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Figure 3 - Front Seat Retractor Side Safety Belt (Hardtop) 
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4. Shoulder belt guide (16). 
5. Guide screw (17). 
6. Guide loop (14) to seatback. 
7. Guide loop screws (15). 
8. Lap belt anchor bolt (3) using J 29843-9. 

l~I Tighten 

• Lap belt anchor bolt (3) to 42 N • m (31 lb. 
ft.). 

9. Rear seat cushion. Refer to SEATS (SEC. 10-9). 

3 

0 ANCHORBOLT ~ ~ 
@] SAFETY BELT 

KC1004-1D1~P 

Figure 4 - Rear Seat Retractor Side Safety Belt 
Lower Attachment (Hardtop) 

Retractor Side Safety Belts (Convertible) 
Figures 6 and 1 

Front Seats 

l+-.1 Remove or Disconnect 

Tool Required: 
J 29843-9 Door Lock Striker and Seat Belt 
Torx Wrench 

1. Quarter trim panel. Refer to REAR 
QUARTERS (SEC. 10-6). 

2. Shoulder belt retractor anchor bolt (3) using 
129843-9. 

3. '"D" ring bolt (20) using J 29843-9. 
4. Electrical connector (4) on driver's seat. 
• Open retractor cover door. 
5. Lap belt retractor anchor bolt (3) using J 29843-9. 
6. Safety belt (22) with shoulder belt retractor (23), 

"D'" ring (21) and lap belt retractor (24) attached. 

E3 Install or Connect 

Tool Required: 

SAFETY BELTS 10-10-5 

J 29843-9 Door Lock Striker and Seat Belt 
Torx Wrench 

NOTICE: See "Notice• on page 10-10-1 of this 
section for steps 2,4 and 5. 

1. Safety belt (22) with shoulder belt retractor (23), 
"D" ring (21) and lap belt retractor (24) attached. 

2. Lap belt retractor anchor bolt (3) using J 29843-9. 

l~I Tighten 

• Lap belt retractor anchor bolt (3) to 42 
N·m (31 lb. ft.). 

• Close retractor cover door. 
3. Electrical connector (4) on driver's seat. 
4. "D" ring bolt (20) using J 29843-9. 

l~I Tighten 
• "D" ring bolt (20) to 42 N·m (31 lb. ft.). 

5. Shoulder belt retractor anchor bolt (3) using 
129843-9. 

[~I Tighten 

• Shoulder belt retractor anchor bolt (3) to 42 
N · m (31 lb. ft.). . 

6. Quarter trim panel. Refer to REAR 
QUARTERS (SEC. 10-6). 

Rear Seat Lap Belt 
FigurB 7 

l++I Remove or Disconnect 

Tool Required: 
J 29843-9 Door Lock Striker and Seat Belt 
Torx Wrench 

1. Rear Seat Cushion. Refer to SEA TS (SEC. 10-9). 
2. Lap belt bezel (32) by unsnapping it fr.om the 

quarter trim panel. 
3. Lap belt retractor anchor bolt (3) using J 29843-9. 
4. Lap belt (31) with lap belt retractor (33) and lap 

belt bezel (32) attached. 

E3 Install or Connect 

Tool Required: 
J 29843-9 Door Lock Striker and Seat Belt 
Ton Wrench 

1. Lap belt (31) with lap belt retractor (33) and lap 
belt bezel (32) attached. 

NOTICE: See "Notice"' on page 10-10-1 of this 
section. 

2. Lap belt retractor bolt (3) using J 29843-9. 

l~I Tighten 
• Lap belt retractor bolt (3) to 42 N • m (31 lb. 

ft.). 
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Figure 5 - Rear Seat Shoulder Belt Retractor (Hardtop). 
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Figure 6 - Front Seat Retractor Side Safety Belt 
. (Convertible) 

3. Lap belt bezel (32) to quarter trim panel. 
4. Rear seat cushion. Refer to SEATS (SEC. 10-9) 

Rear Seat Shoulder Belt 
Figure 7 

!++I Re_move or Disconnect 

Tool Required: 
J 29843-9 Door Lock Striker and Seat Belt 
Torx Wrench 

1. Bezel screws (30). 
2. Shoulder belt bezel (29) from tonneau panel (25). 
• Raise tonneau panel (25). 
3. Retractor cover (27) by unsnapping it from the 

shoulder belt retractor (28). 
CAUTION: Failure to support the 
shoulder belt retractor while 
removing the anchor bolts will allow 
the shoulder belt retractor to fall, 
causing damage to the . vehicle and 
possible personal injury. · 

4. Shoulder belt retractor anchor bolts (3). 
5. Shoulder belt (26) with shoulder belt retractor 

(28) and shoulder belt bezel (29) attached. 

E3 Install or Connect 

Tool Required: 
J 29843-9 Door Lock Striker and Seat Belt 
Torx Wrench 
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1. Shoulder belt (26), with shoulder belt retractor 
(28) and shoulder belt bezel (29) attached, to the 
tonneau panel (25). 

NOTICE: See "Notice" on page 10-10-1 of this 
section. 

2. Shoulder belt retractor anchor bolts (3). 

1~1 Tifhten 
• Shoulder belt retractor anchor bolts to 29 

N·m (21 lb. ft.). 
3. · Retractor cover (27). 
• Lower tonneau panel (25) 
4. Shoulder belt bezel (29) to tonneau panel (25). 
5. Bezel screws (30). 

CHILD SEAT 
Figure 8 

All Canadian hardtop vehicles are equipped with 
child seat tether retainers. The retainers are attached 
to a bracket on the rear end body panel. If either 
retainer becomes damaged, it must be replaced. 

CAUTION: A child seat with a top 
strap should not be used in the rear 
seat of the covertible. No provisions 
are made for the top strap, and 
damage to the vehicle and injury to 
the child and other passengers could 
result. 

l+-+I Remove or Disconnect 
1. Bolts (34). 

2. Retainer (35). a Install or Connect 

1. Retainer (35). 

NOTICE: See "Notice'" on page 10-10-1 of this 
section. 

2. Bolts (34). 

l~I Tighten 
• Bolts (34) to 9 N·m (80 lb. in.). 

~ BOLT 

~ RETAINER 
KC1008-1010-l'-flP 

Figure 8 - Child Seat Tether Retainer 

SPECIFICATIONS 

FASTENER TORQUE SPECIFICATIONS 

Safety Belt-to-Floor Pan Bolt ............................... ............................................. 42 N·m (31 lb. ft.) 
Front Shoulder Belt Retractor-to-Roof Panel Bolt (Hardtop) ....................... 27 N·m (20 lb. ft.) 
Front Lap Belt Retractor-to-Floor Pan Bolt (Hardtop) .................................. 42 N·m (31 lb. _ft.) 
Rear Shoulder Belt Retractor-to-Wheelhouse Panel Nut ....... ..... .................... 42 N·m (31 lb. ft.) 
Rear Lap Belt Plate-to-Floor Pan Bolt ........... ....................... ............ .............. 42 N·m (31 lb. ft.) 
Front Lap Belt Retractor-to-Pillar Panel Bolt (Convertible) .: ........................ 42 N·m (31 lb. ft.) 
Front "D" ring-to-Pillar Panel Bolt (Convertible) .............................. ............ 42 N·m (31 lb. ft.) 
Front Shoulder Belt Retractor-to-Floor Pan Bolt (Convertible) ................. .... 42 N·m (31 lb. ft.) 
Rear Shoulder Belt Retractor-to-Tonneau Panel Bolt ................................ ..... 29 N·m (21 lb. ft .) 
Rear Lap Belt Retractor-to-Quarter Body Panel Bolt ................................. .... 42 N·m (31 lb. ft.) 
Child Seat Tether Retainer-to-Rear End Body Panel Bolt .............. ................ 9 N·m (80 lb. in.) 
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SPECIAL TOOLS 

[!] DOOR LOCK STRIKER 
AND SEATBELT TORX WRENCH 
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ILL. 
NO. DESCRIPTION 

1 CONVERTER ASSEMBLY 
2 SEAL ASSEMBLY, OIL 
3 BUSHING, OIL PUMP BODY 
4 BUSHING, STATOR SHAFT (FRONT) 
5 BOLT, PUMP TO CASE 
6 0-RING, PUMP TO CASE BOLT 
7 PUMP ASSEMBLY, OIL 
8 SEAL, OIL (PUMP TO CASE) 
9 GASKET, PUMP COVER TO CASE 

10 CASE, TRANSMISSION 
11 VENT ASSEMBLY, TRANSMISSION 
12 CONNECTOR, OIL COOLER PIPE 
13 RING, SERVO COVER RETAINING 
14 SEAL, "O" RING (2-4 SERVO COVER) 
1 5 COVER, 2-4 SERVO 
16 PISTON, 4TH APPLY 
1 7 RING, OIL SEAL (4TH APPLY PISTON) 

(OUTER) 
18 RING, RETAINER (APPLY PIN) 
19 WASHER, SERVO APPLY PIN 
20 SPRING, SERVO APPLY PIN 
21 SEAL, "O" RING 
22 HOUSING, SERVO PISTON (INNER) 
23 RING, OIL SEAL (2ND APPLY PISTON) 

(INNER) 
24 RING, OIL SEAL (2ND APPLY PISTON) 

(OUTER) 
25 PISTON, 2ND APPLY 
26 SPRING, SERVO CUSHION 
27 RETAINER, SERVO CUSHION SPRING 
28 RING, RETAINER (2ND APPLY PISTON) 
29 PIN, 2ND APPLY PISTON 
31 SPRING, SERVO RETURN 
32 PLUG, PRESSURE 
33 CONNECTOR, ELECTRICAL 
34 SEAL, "O" RING (ELECTRICAL CONNECTION) 
35 SEAL, CASE EXTENSION TO CASE 
36 EXTENSION, CASE 
37 BOLT, CASE EXTENSION TO CASE 
38 BUSHING, CASE EXTENSION 
39 SEAL ASSEMBLY, CASE EXTENSION OIL 
40 RETAINER, SPEEDO DRIVEN GEAR FITTING 
41 BOLT & WASHER ASSEMBLY 
42 S~AL, "O" RING (SPEEDO FiTTING TO 

CASE EXTENSION) . 
43 FITTING ASSEMBLY, SPEEDO DRIVEN GEAR 
44 GEAR, SPEEDO DRIVEN 
45 GOVERNOR ASSEMBLY 
46 COVER, GOVERNOR 
4 7 SCREEN, TRANSMISSION OIL PRESSURE 

(CONVERTER & GOVERNOR) 
48 PIN, BAND ANCHOR 
49 SEAL, "O" RING (SOLENOID) 
50 SOLENOID ASSEMBLY 
51 BOLT, HEX WASHER HEAD (SOLENOID) 
52 PISTON, 3-4 ACCUMULATOR 
53 RING, OIL SEAL 13-4 ACCUMULATOR PISTON) 
54 SPRING, 3-4 ACCUMULATOR 
55 BALL, .25 DIAMETER 
56 PLATE, VALVE BODY SPACER 

Figure 2 

AUTOMATIC TRANSMISSION 700-R4-3 

ILL. 
NO. DESCRIPTION 

59 SPRING, 1-2 ACCUMULATOR 
60 RING, OIL SEAL (1-2 ACCUMULATOR 

PISTON) 
61 PISTON, 1-2 ACCUMULATOR 
62 COVER & PIN ASSEMBLY, 1-2 ACCUM. 
63 BOLT, ACCUMULATOR COVER 
64 LINK, THROTTLE LEVER TO CABLE 
65 LEVER & BRACKET ASSEMBLY, THROTTLE 
66 CLIP, ELECTRICAL WIRE 
67 VALVE ASSEMBLY, CONTROL BODY 
69 BOLT, VALVE BODY 
70 SEAL, FILTER 
71 FILTER ASSEMBLY, TRANSMISSION OIL 
72 GASKET, TRANSMISSION OIL PAN 
73 PAN, TRANSMISSION OIL 
74 SCREW, SPEC. HEX WASHER HEAD (PAN) 
75 BOLT, MANUAL DETENT SPRING 
76 BUSHING, CASE 
77 PIN, ACCUMULATOR PISTON 
80 RETAINER & BALL ASSEMBLY, 3RD 

ACCUMULATOR 
81 PLUG, TRANSMISSION CASE 

(ACCUMULATOR BLEED) 
82 PIN, GOVERNOR GEAR RETAINER 
83 GEAR, GOVERNOR DRIVEN 
84 PIN, GOVERNOR WEIGHT 
85 CAP, GOVERNOR THRUST 
86 PLUG, CASE SERVO 
88 GASKET, SPACER PLATE TO CASE 
89 GASKET, SPACER PLATE TO VALVE BODY 
90 BUSHING, STATOR SHAFT (REAR) 
91 BALL, CARBON STEEL (T. V. EXHAUST) 
92 CONDUIT, SOLENOID WIRE 
93 MAGNET, CHIP COLLECTOR 
94 RETAINER, FRONT HELIX SEAL 
96 TUBE, AUXILIARY ACCUMULATOR VALVE 
97 CLAMP, TUBE 
98 NUT, FLANGED HEX 
99 SPEED SENSOR, INTERNAL TRANSMISSION 

100 BOLT, SPEEDO SENSOR RETAINING 
106 RETAINER & BALL ASM. (DOUBLE ORIFICE) 
359 PLUG, CUP (ORIFICE) 
372 SWITCH, TEMPERATURE (SOME MODELS) 
374 BOLT, SPECIAL HEX HEAD (M6 X 1 X 16) 
375 BOLT, HEX HEAD (M6 X 1 X 35) 
376 BOLT, HEX HEAD (M6 X 1 X 45) 
377 AUXILIARY ACCUMULATOR VALVE 

BODY ASSEMBLY 
709 SPRING ASSEMBLY, MANUAL DETENT 

JH0054-700R4-R1 



700-R44 AUTOMATIC TRANSMISSION 

TRANSMISSION DISASSEMBLY 
General Service Information 
• Teflon Oil Seal Rings 

If any seal rings are· damaged, cut, or do not 
rotate freely in their groove be certain to check 
the ring groove for debris, burrs, or damage. 

• Thrust Washer Surf aces 
The thrust washer and thrust bearing surfaces 
may appear to be polished. This is a normal 
condition and should not be considered damage. 

~ Clean 

• Thoroughly clean the exterior of the 
transmission. 

l++I Remove or Disconnect 

• Torque Converter (1) 

Figure 3 Holding Fixture 

l++I Install or Connect (Figure 3) 

Tools Required: 

JH0055-700R4 

J-8763-02 Holding Fixture and Base 
1. J-8763-02 onto the transmission case. 
2. Holding fixture into the base. 

l++I Remove or Disconnect 

• Drain the transmission fluid. 

2-4 Servo Assembly 

l++I Remove or Disconnect (Figures 1, 2, and 4) 

TOOLS REQUIRED: 
J-29714 Servo Cover Compressor 

1. Install J-29714. 
2. Servo cover retaining ring (13) 
3. Servo cover and "O" ring seal (14 and 15) 
4. 2-4 servo assembly (16-31) 

Servo Pin Length 
As a diagnostic aid, the servo pin length 

should now be checked. If the pin length is 
too short or too long be certain to inspect the 
2-4 band and reverse input drum .for damage 
or wear when disassembled. 

15 2-4 SERVO COVER 

JH00116-700R4 

Figure 4 Servo Cover Removal 

l++j Remove or Disconnect (Figures 4, 5, 6, 7) 

TOOLS REQUIRED: 
J-22269-01 Piston Compressor 

1. 4th apply piston (16) 
2. Servo return spring ( 31) 
3. Servo pin retainer ring (18), washer (19), and 

apply pin spring (20) 
4. 2nd apply piston pin (29). 
5. Install J-22269-01. 
6. Retainer ring (28) 
7. Cushion spring retainer (27) and cushion spring 

(26) 

1@1 Measure (Figure 8) 

TOOLS REQUIRED: 
J-33037 Band Apply Pin Tool 

1. Install J-33037 as shown with apply pin (2_9). 
2. Install Servo Cover Retaining Ring ( 13) to secure 

tool. 
3. Apply 11 N·m (100 lbs.-in.) torque. . 
4. If white line 0 A" appears in gage slot .. B" pin 

length is correct. 
5. Use pin selection chart to determine correct pin 

length if new pin is needed. 

Governor and Extension 

l++j Remove or Disconnect (Figure 9) 

I. Governor cover ( 46) 
tap around the cover flange with a punch to 
remove 
DO NOT DAMAGE THE GOVERNOR 
COVER 

2. Governor assembly (45) 
Mechanical Speedometer: 

3. Bolt and washer assembly (41) and retainer (40) 
4. Speedometer driven gear assembly (43), speedo 

driven gear (44) and a-ring seal (42) 
Internal Transmission Speed Sensor (I. T.S.S.) 



3. Speed sensor retaining bolt ( 100) 
4. Speed Sensor assembly (99) and o-ring seal (42) 
5. Case extension bolts (37) and case extension (36) 
6. Extension seal ring (35) 
7. Output shaft sleeve (690) and output shaft o-ring 

seal (691) 
Not all models use an output shaft sleeve 
and seal 

l++I Remove or Disconnect (Figures 9) 

Models with Mechanical Speedometer 
1. Speedometer drive gear (689) and clip (688) 

push tab of retaining clip and tap 
speedometer gear off the output shaft. 
use care not to damage the speedo gear 

Valve Body and Wiring Harness 

l++I Remove or Disconnect(Figures 10, 11) 

1. Screws (74), oil pan (73), and gasket (72). 
2. Oil filter (71) and filter seal (70). 

Filter seal may be stuck in the pump 
3. Outside electrical connector (33) and o-ring seal 

(34). 
4. Electrical connections from switches. 

ref er to wiring diagrams in the Diagnosis 
Section for specific model applications 

5. Solenoid bolts (51) and solenoid assembly (50) 
with o-ring seal ( 49) and wiring harness. 

6. Accumulator cover bolts (63) and 1-2 
accumulator cover and pin assembly (62). 

7. 1-2 accumulator piston (61) and seal (60). 
8. Spring (59). 

l++I Remove or Disconnect (Figures 12. 13, 14 and 15) 

I. Bolt (75) and manual detent spring assembly 
(709). 

2. Electrical wire clips (66). 
3. Auxiliary tube clamps (97) and auxiliary 

accumulator valve tube (96). 
4. Wiring harness retaining washer (A). 
5. Bolts (69) and T.V. lever and bracket assembly 

(65) 
6. T.V. link (64) 

l++I Remove or Disconnect (Figures 12, 14, 15 and 16) 

1. Remaining valve body bolts (69) 
2. Manual valve link (705) 
3. Control valve assembly (67) 
4. Bolts (374-375), auxiliary valve body (377), and 

check ball (55B) 
5. Spacer plate (56) and spacer plate gaskets (88 and 

89) 
6. Check balls (55A, 55C and 91) spring (54), piston 

(52), seal (53) and pin 
Three checkballs are located under the 
valve body, one in the auxiliary valve body 
and four are located in the case. The large 
copper flash colored ball is # 10 check ball 
(91) 

AUTOMATIC TRANSMISSION 700-R4-5 
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ILL. 
NO. DESCRIPTION 

A CASE SERVO BORE 
13 RING, SERVO COVER RETAINING 
14 SEAL, "O" RING (2-4 SERVO COVER) 
15 COVER, 2-4 SERVO 
16 PISTON, 4TH APPLY 
17 RING, OIL SEAL (4TH APPLY PISTON) 

(OUTER) 
18-30 2ND APPLY PISTON ASSEMBLY 

21 SEAL, "O" RING 
24 RING, OIL SEAL (2ND APPLY PISTON) 

(OUTER) 
31 SPRING, SERVO RETURN 

JH0067-700R4 

Figure 5 Servo Removal 



700-R4-6 AUTOMATIC TRANSMISSION 

ILL. 
NO. DESCRIPTION 
13 RING, SERVO COVER RETAINING 
14 SEAL, "O" RING (2-4 SERVO COVER) 
1 5 COVER, 2-4 SERVO 
16 PISTON, 4TH APPLY 
1 7 RING, OIL SEAL. (4TH APPLY PISTON) 

(OUTER) 
18 RING, RETAINER (APPLY PINI 
19 WASHER, SERVO APPLY PIN 
20 SPRING, SERVO APPLY PIN 
21 SEAL, "O" RING 
22 HOUSING, SERVO PISTON (INNER) 
23 RING, OIL SEAL (2ND APPLY PISTON) 

(INNER) 
24 RING, OIL SEAL (2ND APPLY PISTON) 

(OUTER) 
25 PISTON, 2ND APPLY 
26 SPRING, SERVO CUSHION 
27 RETAINER, SERVO CUSHION SPRING 
28 RING, RETAINER (2ND APPLY PISTON) 
29 PIN, 2ND APPLY PISTON 
31 SPRING, SERVO RETURN 

JH0058-700R4 

Figure 6 Servo Assembly 

25 SECOND APPLY PISTON ASM. 
JH0069-700R4 

Figure 7 Second Servo Piston Retaining Ring Removal 

A. WHITE LINE 
B. GAGE SLOT 

PIN IS PRESET AT FACTORY AND MUST NOT BE 

READJUSTED 

2-4 SERVO PIN SELECTION 

PIN LENGTH PIN 1.0. 

mm INCH 

66.37-66.67 

67.74-68.04 

69. 11-69.41 

2.61-2.62 

2.67-2.68 

2.72-2.73 

J 

Figure 8 Servo Pin Length 

Transmission End Play Check 

2 RINGS 

3 RINGS 

WIDE BAND 

700R4 

As a diagnostic aid transmission end play should 
be checked prior to removing the internal parts. If the 
end play is not within specifications you should watch 
for possible worn or misassembled parts during 
disassembly. 

!~! Tighten (figures 18 and 19) 

TOOLS REQUIRED: 
J-24 773-A Oil Pump Remover 
J-25022-A End Play Adaptor (245 mm) 
J-34725 'End Play Adaptor (298 mm) · 
J-25025-7 A Post 
Dial Indicator 

1. Remove an oil pump bolt (5) and install a 278 mm 
(11 in.) bolt and locknut or J-25025-?A. 



ILL. 
NO. DESCRIPTION 

10 CASE, TRANSMISSION 

I 
I 

L 

35 SEAL, CASE EXTENSION TO CASE 
36 EXTENSION, CASE 
37 BOLT, CASE EXTENSION TO CASE 
39 SEAL ASSEMBLY. CASE EXTENSION OIL 
40 RETAINER, SPEEDO DRIVEN GEAR FITTING 
41 BOLT & WASHER ASSEMBLY 
42 SEAL, "O" RING (SPEEDO FITTING TO 

CASE EXTENSION) 
43 FITTING ASSEMBLY, SPEEDO DRIVEN GEAR 
44 GEAR, SPEEDO DRIVEN 
45 GOVERNOR ASSEMBLY 
46 COVER.GOVERNOR 
99 SPEED SENSOR, INTERNAL TRANSMISSION 

100 BOLT, SPEEDO SENSOR RETAINING 
687 SHAFT, OUTPUT 
688 CLIP, SPEEDO DRIVE GEAR 
689 GEAR, SPEEDO DRIVE 
690 SLEEVE, OUTPUT SHAFT NOT USED ON 
691 SEAL, OUTPUT SHAFT ALL MODELS 

JH0081-7 R4-R1 

Figure 9 Extension and Associated Parts 

2. Install J-25022-A or J-34725 as shown. 

3. Install J-24773-A as shown. 

4. Install dial indicator. 
set to zero 
pull up on J-24773-A 
end play should be 0.13/0.92 mm (.005/. 
036 in.). 

Oil Pump Assembly 

l++I Remove or Disconnect {Figures 22 and 23) 

TOOLS REQUIRED: 
J-24773-A Oil Pump Remover 

1. "O" ring seal ( 618) 
2. All oil pump bolts (5) and o-rings (6) 
3. Oil pump assembly (7) with J-24773-A 
4. Oil pump to case seal (8) and gasket (9) 
5. Reverse input clutch to oil pump thrust washer 

(601) 

AUTOMATIC TRANSMISSION 700-R4-7 
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ILL. 

34----.J. 

33--· 

NO. DESCRIPTION 
10 CASE, TRANSMISSION 
33 CONNECTOR, ELECTRICAL 

~51 

~50 
I 

.,.--49 
I 

34 SEAL, "O" RING (ELECTRICAL CONNECTION) 
49 SEAL, "O" RING (SOLENOID) 
50 SOLENOID ASSEMBLY 
61 BOLT, HEX WASHER HEAD (SOLENOID) 
56 PLATE, VALVE BODY SPACER 
67 VALVE ASSEMBLY, CONTROL BODY 
70 SEAL, FILTER 
71 FILTER ASSEMBLY, TRANSMISSION OIL 
72 GASKET, TRANSMISSION OIL PAN 
73 PAN, TRANSMISSION Oil 
74 SCREW, SPEC. HEX WASHER HEAD IPANI 
88 GASKET, SPACER PLATE TO CASE 
89 GASKET, SPACER PLATE TO VALVE BODY 
93 MAGNET, CHIP COLLECTOR 
96 TUBE, AUXILIARY ACCUMULATOR VALVE 

377 AUXILIARY ACCUMULATOR VALVE 
BODY ASSEMBLY 

JH0082-700R4-R1 

Figure 10 Case and Attaching Parts 



700-R4-8 AUTOMATIC TRANSMISSION 

89 

62 !~-. 
0 

56 
I <!I) 00 8 
I " 

! IJ---54 

LARGE END 
INSTALLED 59 
IN PISTON 

ILL. 

I 
__ _J 

· NO. DESCRIPTION 
52 PISTON, 3-4 ACCUMULATOR 

77 

53 RING, OIL SEAL (3-4 ACCUMULATOR PISTON) 
54 SPRING, 3-4 ACCUMULATOR 
56 PLATE, VALVE BODY SPACER 
59 SPRING, 1-2 ACCUMULATOR (CONICAL) 
60 RING, OIL SEAL (1-2 ACCUM. PISTON) 
61 PISTON, 1-2 ACCUMULATOR 
62 COVER & PIN ASSEMBLY, 1-2 ACCUM. 
63 BOLT, ACCUMULATOR COVER 
77 PIN, ACCUMULATOR PISTON 
88 GASKET, SPACER PLATE TO CASE 
89 GASKET, SPACER PLATE TO VALVE BODY 

JH0083-700R4 

Figure 11 Accumulator Assembly 

51 

50 

A WASHER WIRE RETAINER 
50 SOLENOID ASSEMBLY 
51 BOLT, HEX WASHER HEAD (SOLENOIDI 
63 BOLT, ACCUMULATOR COVER 
66 CLIP, ELECTRICAL WIRE 
69 . BOLT, VALVE BODY 
75 BOLT, MANUAL DETENT SPRING 
92 CONDUIT, SOLENOID WIRE 
97 CLAMP, AUXILIARY TUBE 

374 BOLT, SPEC. HEX WASHER HEAD 
(M6 X 1 X 181 

375 BOLT, HEX HEAD (M6 X 1 X 35) 
376 BOLT, HEX HEAD (M6 X 1 X 45) 

JH0084-700R4-R 1 

Figure 12 Valve Body Bolt Locations 

64 LINK, THROTT.LE LEVER TO CABLE 
65 LEVER & BRACKET ASSEMBLY, THROTTLE 
69 BOLTS, CONTROL VALVE 

340 
703 
705 
709 

ASSEMBLY 
JH0ff&-700fl4 

Figure 13 T.V. Lever and Bracket 

"' MANUAL VALVE 
INNER OETENT LEVER 
MANUAL VALVE LINK 
MANUAL OETENT 
SPRING ASSEMBLY JH008S.700R4-R 1 

Figure 14 Manual Valve Link 

2-4 Band Reverse Input Clutch, Input Clutch and 
Input Gear Set (Figures 22, 23 and 24) 

1. Reverse input clutch (605) and input clutch (62) 
together 

(grasp the turbine shaft and lift) 
2. Band assembly pin (48) . 
3. The 2-4 band assembly (602) 
4. Input sun gear (658) 

El Install or Connect (Figure 25) 

TOOLS REQUIRED: 
J-29837 Output Shaft Support Fixture 

• J-29837 as shown rn Important 

• Output shaft (687) may fall free when input 
carrier retaining ring ( 661) is removed if 
J-29837 is not used. 

!++! Remove or Disconnect (Figures 20, 21 and 24) 

TOOLS REQUIRED: 



A 

IU. 
NO. DESCRIPTION 

A WASHER, WIRE RETAINING 
33 CONNECTOR, ELECTRICAL 
96 TUBE, AUXILIARY ACCUMULATOR VALVE 
97 CLAMP, AUXILIARY TUBE 

374 BOLT, SPECIAL HEX HEAD (M6 X 1 X 161 
375 BOLT, HEX HEAD IM6 X 1 X 351 
376 BOLT, HEX HEAD (M6 X 1 X 461 
377 AUXILIARY ACCUM. VALVE BODY ASM. 
710 BRACKET, PARKING LOCK 
715 BOLT, PARKING LOCK BRACKET 

JH0087-700R4-R1 

Figure 15 Removing Auxiliary Valve Body Assembly 

JHOOH-700114 

Figure 16 Valve Body Checkballs 

AUTOMATIC TRANSMISSION 700-R4-9 
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0 

0 

ILL. 
NO. DESCRIPTION 
47A GOVERNOR FILTER LOCATION 
478 CONVERTER CLUTCH FILTER LOCATION 
55E #4 CHECK BAU (3-4 CLUTCH/3-2 EX.I 
55F #8 CHECK BALL I2ND/1-2) 
55G #1 CHECK BALL (4TH ACCUMULATOR) 
55H #3 CHECK BALL (PART THROTTLE/DRIVE 3) 
106 RETAINER & BALL ASM. (DOUBLE ORIFICE) 

JH0089-700R4-R2 

Figure 17 Case Checkballs and Filters 

A 298mm TURBINE SHAFT 
B 245mm TURBINE SHAFT 

Figure 18 End Play Tool 
JH0070.7 
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A DIAL INDICATOR 
B 278mm 111 "I BOLT 
C LOCK NUT 

JH007 700R4-R1 

Figure 19 End Play Check 

J-34627 Snap Ring Pliers 
1. Input carrier to output shaft retaining ring ( 661) 

with J-34627. Do not overexpand the ring. 
2. Input carrier assembly (662) 
3. J-29837 and output shaft (687) rn Important 

• The manufacturer assembles the output 
shaft and reaction internal gear with 
adhesive for ease of assembly. If these parts 
have not become separated during use, the 
output shaft will come out later along with 
the reaction internal gear. 

4. Thrust bearing assembly (663) 

Reaction Gear Set 

l++I Remove or Disconnect (Figures 20, 21, 26) 

1. Input internal gear (664) and reaction carrier 
(666) 

2. Reaction sun shell (670) and thrust washer (669) 
3. Reaction sun shell to inner race thrust washer 

(674) 
4. Lo and reverse support to case retainer ring (676) 
5. Lo and . reverse clutch support retainer spring 

(680) 
6. Reaction sun gear (673) 
7. Lo and reverse inner race (675), roller assembly 

(678), support assembly (679), and reaction 
carrier asseml>ly (681) 

8. Lo and reverse clutch plates (682) 
9. Reaction internal gear (684) and thrust bearing 

assembly (683) 
10. Reaction gear support to case bearing ( 692) 

Lo and Reverse Clutch Parts 

E3 Remove or Disconnect (Figures 26, 27 and 28) 

TOOLS REQUIRED: 
J-34627 Snap Ring Remover/Installer 

J-23327 Clutch Spring Compressor 
1. Bolts (715) and parking lock bracket (710) rn Important 

• Due to interference, the parking pawl may 
have to be removed before removing or 
installing the low and reverse piston. 

2. Parking pawl shaft plug (713) with a #4 screw 
extractor 

3. Parking pawl pivot shaft (712) with a magnet 
4. Parking pawl (711) and return spring (714) 
5. Install tool J-23327. 
6. Lo and reverse clutch retainer ring (693) with 

J-34627 
7. Lo and reverse clutch spring assembly (694) 
8. Lo and reverse clutch piston (695) 

by application of air pressure in the case 
apply passage 

COMPON.ENT REPAIR AND 
TRANSMISSION REASSEMBLY 

Inner Manual Linkage 

l++f Remove or Disconnect (Figure 28) 

1. Inside manual shaft nut (702) 
2. Manual shaft (707) and manual shaft retainer 

(706) 
3. Parking lock actuator assembly (701) and inside 

detent lever (703) 

Manual Shaft Seal Replacement 

a Remove or Disconnect (Figure 29) 

• Manual shaft seal (708) 
pry out with a screwdriver 

f++I Install or Connect 

• Tap a new seal in place 
use a 14 mm socket 

IL•I Inspect (Figures 28 and 29) 

• Actuator rod (701) for damage 
• Inside detent lever (703) for damage or cracks 
• Manual shaft (707) for damage or burrs 
• Manual detent spring assemby (709) for roller 

freeness or damage 

E3 Install or Connect (Figure 28} 

• Parking lock actuator (701) onto inside detent 
lever (703) 

• Manual shaft (707) into case (10) and inside 
detent lever (703) 

• Inside manual shaft nut (702) onto manual shaft 
(707) 

torque to 31 N • m (23 lbs.-ft.) 
• Manual shaft retainer (706) onto manual shaft 

(707) 
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IU. 
NO. DESCRIPTION 
600 SPRING ASM., 3-4 CLUTCH BOOST (51 
601 WASHER, THRUST (PUMP TO DRUM) 
602 BAND ASSEMBLY, 2-4 
603 BUSHING, REVERSE INPUT Cl. (FRONT) 
605 HOUSING & DRUM ASSEMBLY, REVERSE 

INPUT CLUTCH . . 
606 BUSHING, REVERSE INPUT CLUTCH (REAR) 
607 PISTON ASM., REVERSE INPUT CLUTCH 
608 SEALS.REVERSE INPUT CLUTCH 

(INNER & OUTER) 
609 SPRING ASM., REVERSE INPUT CLUTCH 
610 RING, REVERSE INPUT CLUTCH SPRING 

RETAINER 
611 PLATE, REVERSE INPUT CLUTCH 

(BEUEVIUE) 
612 PLATE ASM., REVERSE INPUT CLUTCH 
613 PLATE, REVERSE INPUT CLUTCH BACKING 

(SELECTIVE) 
614 RING, REVERSE INPUT CL. RETAINING 
615 BEARING ASSEMBLY, STATOR SHAFT/ 

SELECTIVE WASHER 
616 WASHER, THRUST (SELECTIVE) 
617 RETAINER & BALL ASM .. CHECK VALVE 
618 SEAL, "O" RING (TURBINE SHAFT/ 

SELECTIVE WASHER) 
619 RING, Oil SEAL (SOLIDI 
620 RETAINER & CHECK BALL ASSEMBLY 
621 HOUSING & SHAFT ASSEMBLY, INPUT 
622 SEAL, "O" RING INPUT TO FORWARD HSG. 
623 PISTON, 3RD & 4TH CLUTCH 
624 SEAL, 3RD & 4TH CL (INNER & OUTER) 
625 RING, 3RD & 4TH .CLUTCH APPLY 
626 SPRING ASSEMBLY, 3RD & 4TH CLUTCH 
627 RETAINER & BALL ASSEMBLY, FORWARD 

CLUTCH HOUSING 
628 HOUSING, FORWARD CLUTCH 
629 SEAL. FORWARD CLUTCH !INNER & OUTER) 
630 PISTON, FORWARD CLUTCH 
631 SEAL, OVERRUN CLUTCH !INNER & OUTER) 
632 PISTON, OVERRUN .CLUTCH 
633 BALL, OVERRUN CLUTCH 
634 SPRING ASSEMBLY, OVERRUN CLUTCH 
635 SNAP RING, OVERRUN CLUTCH SPRING 

RETAINER 
636 SEAL, INPUT HOUSING TO OUTPUT SHAFT 
637 BEARING ASSEMBLY, INPUT SUN GEAR 
638 SNAP RING, OVERRUN Cl. HUB RETAINING 
639 HUB, OVERRUN C°LUTCH · 
641 RETAINER & RACE ASSEMBLY, SPRAG 
642 FORWARD SPRAG ASSEMBLY 
643 RETAINER RINGS, SPRAG ASSEMBLY 
644 RACE, FORWARD °CLUTCH (OUTER) 
645 PLATE ASSEMBLY, OVERRUN CLUTCH 
646 PLATE, FORWARD CLUTCH APPLY 
648 PLATE, FORWARD CLUTCH (WAVED) 
649 PLATE ASSEMBLY, FORWARD CLUTCH 
660 PLATE, FORWARD CLUTCH BACKING (SELi 
651 RING, FORWARD CLUTCH BACKING PLATE 

RETAINER 
652 PLATE, 3RD & 4TH .CLUTCH RING RETAINER 
653 PLATE, 3RD & 4TH CLUTCH APPLY 

!STEPPED) 
654 PLATE ASSEMBLY, 3RD & 4TH CLUTCH 
655 PLATE, 3RD & 4TH CLUTCH BACKING !SELi 

Figure 21 

ILL. 
NO. DESCRIPTION 
656 RING, 3RD & 4TH CLUTCH BACKING 

PLATE RETAINER 
857 BUSHING, INPUT SUN· GEAR (FRONT) 
658 .. GEAR, _INPUT SUN 
659 BUSHING, INPUT SUN GEAR (REAR) 
681 RET., OUTPUT SHAFT TO INPUT CARRIER 
662 CARRIER ASSEMBLY, INPUT (COMPLETE) 
663 BEARING ASSEMBLY, THRUST (INPUT 

CARRIER TO REACTION SHAFT} 
864 GEAR, INPUT INTERNAL . 
665 BUSHING. REACTION CARRIER SHAFT 

(FRONn 
666 SHAFT, REACTION CARRIER 
667 BUSHING, REACTION CARRIER SHAFT 

(REAAi 
668 · RING, REACTION SHAFT/INTERNAL GEAR 

RETAINER 
669 WASHER, THRUST (REACTION SHAFT/ 

SHELU 
670 SHELL, REACTION SUN 
671 RING, REACTION SUN GEAR RETAINER 
672 BUSHING, REACTION SUN 
673 GEAR, REACTION SUN 
674 WASHER, THRUST (RACE/REACTION SHELLI 
675 RACE, LO & REVERSE ROLLER CLUTCH 
676 RING, LO & REVERSE SUPPORT TO CASE 

RETAINER 
677 RING, LO & REVERSE RETAINER (ROLLER 

ASSEMBLY/CAMI 
678 CLUTCH ASSEMBLY, LO & REVERSE ROLLER 
679 SUPPORT ASM., LO & REVERSE CLUTCH 
680 SPRING, TRANSMISSION ILO & REVERSE 

CLUTCH SUPPORT RETAINER) 
681 CARRIER ASSEMBLY, REACTION 
682 PLATE ASSEMBLY, LO & REVERSE CLUTCH 
682A PLATE, LO & REVERSE CLUTCH IWAVEDI 
682B PLATE, SPACER LO & REV. Cl. (SELECTIVE) 
683 BEARING ASSEMBLY, THRUST (REACTION 

CARRIER/SUPPORT) 
684 GEAR. INTERNAL REACTION 
685 SUPPORT, INTERNAL REACTION GEAR 
686 RING, REACTION GEAR/SUPPORT RETAINER 
687 SHAFT, OUTPUT 
688 CLIP, SPEEDO DRIVE GEAR 
689 GEAR, SPEEDO DRIVE 
690 SLEEVE, OUTPUT SHAFT 
691 SEAL, OUTPUT SHAFT 
692 BAG .. REACTION GEAR SUPPORT TO CASE 
693 RING, LO & REVERSE CLUTCH RETAINER 
894 SPRING ASSEMBLY, LO &. REVERSE CLUTCH 
8~5 PISTON, LO & REVERSE CLUTCH 
696 SEAL. TRANSMISSION (LO & REVERSE 

CLUTCH - OUTER, CENTER, INNER) 
697 DEFLECTOR, OIL (HIGH OUTPUT 

MODELS ONLY) ' 
698 PLUG, ORIFICED CUP 
699 ROTOR, INTERNAL TRANSMISSION SPEED 

SENSOR 

JH0072-700R4-R2 
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JH0074-700R4 

Figure 22 Oil Pump Removal 

Case 

IL• I Inspect (Figures 30, 31 and 32) 

• 
• 

• • 

• 

• 
• 

• 

• 
• 

• 

Case (10) exterior for cracks or porosity 
Case to valve body face for damage, 
interconnected oil passages and flatness 

the face flatness can be checked by 
inspecting the spacer plate to case gasket for 
proper land impressions. 

Vent assembly (11) for damage 
Air check all oil p~ges . 

see diagnosis section for oil passage 
identification. 

24 servo bore for 
damage, porosity, or burrs 
any sharp edges (i.e. - oil passages, siots for 
retaining ring removal - remove if found) 

Orifice cup plug (86) in servo bore for debris or 
damage · 
Third accumulator bore for 

porosity, da,mage, or bum 
pin damage; (77) 
orifice cup plug (81) damaged or plugged 

Speedometer bore 
damaged 
sharp edges 
porosity 

AH bolt holes for thread damage 
- Hell-coil to repair 

Cooler connectors (12) for 
damage 
proper torque 38 N·m (28 lbs.-ft.) 

Case interior for 
damaged ring grooves or casting flash 
clutch plate lugs worn or damaged 
bushing (76) scored, worn, or damaged (see 
Bushing Replacement) 
governor support pin installation depth. 
(Incorrect installation depth will cause 
governor driven gear damage and shift 
problems.) 

AUTOMATIC TRANSMISSION 700-R4-13 

ILL. 
NO. DESCRIPTION 

5 BOLT. PUMP TO CASE 
6 0-RING, PUMP TO CASE BOLT 
7 PUMP ASSEMBLY, OIL 
8 SEAL, OIL !PUMP TO CASE! 
9 GASKET, PUMP COVER TO CASE 

10 CASE, TRANSMISSION 
601 WASHER, THRUST (PUMP TO DRUMI 
605 HOUSING & DRUM ASM., REVERSE INPUT CLUTCH 
621 HOUSING & SHAFT ASSEMBLY, INPUT 

75-700R4-R1 

Figure 23 Input Clutch Removal 
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A BAND ANCHOR PIN LOCATION 
10 CASE, TRANSMISSION 
48 PIN, BAND ANCHOR 

602 BAND ASSEMBLY, 2-4 
658 GEAR, INPUT SUN 

661 

663 

10 

661 RET., OUTPUT SHAFT TO INPUT CARRIER 
662 CARRIER ASSEMBLY, INPUT-COMPLETE 
663 BEARING ASSEMBLY, THRUST (INPUT 

CARRIER TO REACTION SHAFT) 

10 

JH0076-700R4 

Figure 24 Input Carrier Removal 

10 CASE, TRANS. 
687 SHAFT, OUTPUT 

JH0077-7 R4 

Figure 25 Output Shaft Support Fixture 

693-__,,~ 

69,4---'ll!III.R 

~~-664 

n .. ..i---666 
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-- ·· ----~ 
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I 
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10 CASE, TRANSMISSION 
664 GEAR, INPUT INTERNAL 
666 SHAFT, REACTION CARRIER 
669 WASHER, THRUST (REACTION SHAFT/ 

SHELL) 
670 SHELL, REACTION SUN 
673 GEAR, REACTION SUN 
674 WASHER, THRUST (RACE/REACTION SHELL) 
675 RACE, LO & REVERSE ROLLER CLUTCH 
.676 RING, LO & REVERSE SUPPORT TO CASE 

RETAINER . 
678 CLUTCH ASM., LO & REVERSE ROLLER 
679 SUPPORT ASM., LO & REVERSE CLUTCH 
680 SPRING, TRANSMISSION (LO & REVERSE 

CLUTCH SUPPORT RETAINER) 
681 CARRIER ASSEMBLY, REACTION 
682 PLATE ASSEMBLY, LO & REVERSE CLUTCH 
682A PLATE, LO & REVERSE CLUTCH (WAVED) 
682B PLATE, LO & REVERSE CL. (SELECTIVE) 
683 BEARING ASSEMBLY, THRUST (REACTION 

CARRIER/SUPPORT) 
684 GEAR, INTERNAL REACTION 
685 SUPPORT, INTERNAL REACTION GEAR 
692 BAG., REACTION GEAR SUPPORT TO CASE 
693 RING, LO & REVERSE CLUTCH RETAINER 
694 SPRING ASM., LO & REVERSE CLUTCH 
695 PISTON, LO & REVERSE CLUTCH 
697 DEFLECTOR, OIL {HIGH OUTPUT 

MODELS ONLY) . 
H007 -700R4 

Figure 26 Reaction Gear Set Removal 
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(A) APPLY AIR PRESSURE HERE TO REMOVE 
LO & REVERSE PISTON FROM THE CASE 

JH0079-7 

Figure 27 Piston Removal 

Third Accumulator Retainer and Ball Assembly 
(80) (Figure 33) 

IL•I Inspect 
• Ball 

missing 
sticking or leaking 

• Retainer 
missing 
loose 
not seated correctly 
feed slots restricted 

Retainer and Ball Assembly Leak Check 
Procedure 

rn Important (Figure 33) 

1. Install the servo assembly (16-31) into the 
servo bore. 

2. Install the servo cover (15) and retainer 
(13). 

3. Pour a suitable solvent into the accumulator 
bore. 

4, Watch for leakage inside the case. 
5. If leakage is observed, replace the third 

accumulator retainer and ball assembly. 

Replacement Procedure -Third Accumulator 
Retainer and Ball Assembly 

1+-.f Remove or Disconnect (Figure 33 and 34) 

TOOLS REQUIRED: 
6.3 mm (#4) Screw Extractor 

• Third accumulator retainer and ball 
assembly (80) 

use 6.3 mm (#4) screw extractor 

E3 Install or Connect (Figure 33 and 34) 

TOOLS REQUIRED: 

AUTOMATIC TRANSMISSION 700-R4-15 

715 

j 

l 
714 

710 

~712 

e,.._713 

ILL. 
NO. DESCRIPTION 
701 ACTUATOR ASSEMBLY, PARKING LOCK 
702 NUT, HEX HEAD 
703 LEVER, INSIDE DETENT 
705 LINK, MANUAL VALVE 
706 RETAINER, MANUAL SHAFT 
707 SHAFT, MANUAL 
708 SEAL, MANUAL SHAFT 
709 MANUAL DETENT ROLLER & SPRING ASM. 
710 BRACKET, PARKING LOCK 
711 PAWL, PARKING BRAKE 
712 SHAFT, PARKING BRAKE PAWL 
713 PLUG, STEEL CUP 
714 SPRING, PARKING PAWL RETURN 
715 BOLT, PARKING LOCK BRACKET 

J~700R4 

Figure 28 Parking Linkage 
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707 

10 CASE, TRANSMISSION 
707 SHAFT, MANUAL 

708 SEAL, MANUAL SHAFT JHooa,-?ooR4 

Figure 29 Manual Shaft Seal 

A B 

A CASE SERVO BORE 
B SERVO EXHAUST HOLE 
C 2ND & 4TH BAND APPLY PASSAGE 
D 3RD ACCUMULATOR PRESSURE TAP PASSAGE 

80 RETAINER & BALL ASSEMBLY, 3RD ACCUM. 
86 PLUG, CASE SERVO 

JHOO 700R4 

Fig~re 30 Servo Bore 

C 

Figure 31 Third Accumulator Bore 

A GOV. COVER 
FACE SURFACE 

B DOWEL 

84.71mm 
(3.30 in.) 

JH0083-700R4 

Figure 32 Governor Pin Location 

A 3RD ACCUMULATOR BORE 
C CASE INTERIOR 
D 24 SERVO BORE 

80 RETAINER & BALL ASSEMBLY, 
3RD ACCUMULATOR 

JH0084-700R4 

Figure 33 Leak Check - 3rd Accumulator 

c..<S, c::> :c:::> <SJ JH008 100R4 

Figure 34 Third Accumulator Retainer and Ball Asm. -
Installation 

9.5 mm (3/8 in.) Diameter Metal Rod 



• A new third accumulator retainer and ball 
assembly 

oil feed slots in· the retainer must line 
up with oil passage in the servo bore. 
To be certain of correct installation 
depth~ scribe a mark at 42.0 mm (1. 

AUTOMATIC TRANSMISSION 700-R4-17 

653 in.) on the 9.5 mm (3/8,.) 
diameter metal rod Use it to seat the 
third accumulator and ball assembly 
as shown. When the scribed line is· 
flush with the case face. installation 
depth is correct. 
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Case Assembly 

~ Clean 

• Thoroughly with solvent 

• Air dry 
do not wipe with cloth. 

Lo and Reverse Clutch Assembly 

ll•I Inspect (Figure 36) 

• Lo and reverse piston ( 695) for 

porosity or damage 

ring groove damage 

• Piston seals (696) for nicks or cuts 

• Spring assembly (694) for damage 
• Retainer ring (693) overstressed 

E3 Install or Connect (Figure 35) 

TOOLS REQUIRED: 
J-34627 Snap Ring Remover/Installer 

J-23327 Clutch Spring Compressor 

1. Piston seals (696) onto the piston (695) 

lubricate with transmission fluid 

2. Piston (695) into the case 

index the piston with the notch in the 
bottom of the case. 

3. Spring assembly (694) onto the piston 

flat side of the retainer upward 
4. J-23327 over the spring assembly 

compress the spring assembly past the ring 
groove in the case hub. 

5. · Retainer ring (693) into the case hub ring groove 
with J-34627. 

Parking Pawl 

ll•I Inspect (Figure 36) 

• Parking pawl (711) for cracks, burrs, or damage 
• Parking pawl return spring (714) for distortion or 

damage 

• Parking pawl pivot shaft (712) for damage and 
freeness of fit with the parking pawl 

l++I Install or Connect (Figure 36) 

1. Parking pawl (711) and parking pawl return 
spring (714) into the case 

2. Parking pawl pivot shaft (712) into the parking 
pawl (711) and the case 

CHECK FOR PROPER OPERATION 
3. Retaining plug (713) into the case 

coat the plug with Loctite® sealant or 
equivalent and install it with a hammer and 
punch. 

693x 
694~ 

10 CASE, TRANSMISSION 
693 RING, LO & REVERSE CLUTCH RETAINER 
694 SPRING ASSEMBLY, LO & REVERSE CLUTCH 
695 PISTON, LO & REVERSE CLUTCH 
696 SEALS, LO & REVERSE CLUTCH 

JH0087-700R4 

Figure 35 Lo and Reverse Piston 

~ 711 

£ 

. . 
1

- A t ✓715 

~·"Z 
14 710 

' 712 

~~ ~713 - ~ 

710· BRACKET, PARKING LOCK 
711 PAWL, PARKING BRAKE 
712 SHAFT, PARKING BRAKE PAWL 
713 PLUG, STEEL CUP 
714 SPRING, PARKING PAWL RETURN 
715 BOLT, PARKING LOCK BRACKET 

JHOO 700-R4 

Figure 36 Parking Pawl Installation 

Reaction Internal Gear and Carrier Assembly 

ll•l tnspect (Figures 37, 38, 39) 

• Reaction internal gear (683) and support (684)· 
for · 

proper assembly 

stripped splines 



cracks 
teeth or lug damage 

• Thrust · bearing assemblies (683 and 692) for 
damage 

• Lo and reverse clutch plates (682) 
Composition for wear, heat damage, or 
delamination 
Steel for heat damage or surface· finish 
damage 

• Reaction carrier assembly (681) for 
pinion gear damage 
ex~ive pinion washer wear (end play .20-. 
61 mm/.008-.024 in.) 
proper pinion staking 
keystoned pinion gears (pinions must turn 
free) 
damaged or worn thrust bearing 
To check the captive thrust bearing in the 
carrier for wear, place a bushing or an 
output shaft sleeve on the bearing race (do 
not contact the pinion gears) and turn it 
with the palm of your hand. Any 
imperfections will be felt through the 
bushing. 

A 

A PINION GEAR END PLAY
.20/.60 MM (.008/.024 IN.) 

Figure 37 Pinion End Play Check 

. Reaction Internal Gear and Support 

E3 Install or Connect (Figures 40) 

1. Reaction gear support to case bearing ( 692) onto 
the case hub as shown 

Outside bearing race goes toward case hub. 

retain with petrolatum. 

2. Reaction internal gear and support (684 and 685) 
onto the bearing as shown 

3. Reaction carrier to support thrust bearing 
assembly (683) onto the support (685) 

outer bearing race goes toward the support 

4. Reaction carrier (681) onto the thrust bearing 

AUTOMATIC TRANSMISSION 700-R4-19 

662 CARRIER ASSEMBLY, INPUT-COMPLETE 
690 SLEEVE, OUTPUT SHAFT 

JHOOI0-700R4 

Figure 38 Captured Bearing Check 

Lo and Reverse Clutch Spacer Plata Selection 

l@I Measure (Figure 41 and 42) 

TOOLS REQUIRED 
• Scale and straight edge 

1. To Measure for proper selective spacer plate, 
stack the lo and reverse assembly on a flat surface 
in the following order: 
• 1 waved plate (682B) 
• S composition and 4 steal plates (682), 

starting with one composition plate and 
alternating with steal. 

• Lo and Reverse Clutch Support (679) 
2. · Apply an evenly distributed load to the top of the 

Lo and Reverse Support Assembly (679) Light 
pressure (approximately 22 N or 5 lbs.) on the Lo 
and Reverse Support Assembly ( 679) ·will provide 
the correct dimension for measurement. 

CAUTION:· EXCESSIVE PRESSURE 
WILL START TO FLATTEN THE 
WAVE PLATE RESULTING IN AN 
INACCURATE MEASUREMENT 

3. Measure the height of the clutch pack from the 
work surface to the top of the Lo and Reverse 
Clutch Support (Dimension D) 

4. Use dimension D to select the propeNhickness of 
the selective spacer plate for assembly. 

5. Install the proper selective spacer plate between 
the wave plate and the first composition clutch 
plate with the identification side up. 
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,----------
1 

: 697-----U'..-.:ii~ 
I 

L--------

682 

683 

10 

- . 
,,;> :;..,-__,.,;.__.,_ ,-.·""'~;..;:;;...1 ,, 

ILL. 
NO. DESCRIPTION 

10 CASE, TRANSMISSION· 
681 CARRIER ASSEMBLY, REACTION 
682 PLATE ASSEMBLY, LO & REVERSE CLUTCH 
682A PLATE, LO & REVERSE CLUTCH (WAVED) 
682B PLATE, LO & REVERSE CL. (SELECTIVE) 
683 .. BEARING ASSEMBLY, THRUST (REACTION 

CARRIER/SUPPORT) 
684 GEAR, INTERNAL REACTION 
685 SUPPORT, INTERNAL REACTION GEAR 
692 BRG., REACTION GEAR SUPPORT TO CASE 
697 DEFLECTOR, OIL (HIGH OUTPUT 

MODELS ONLY) 

JH0091-700R4 

Figure 39 Reaction Internal Gear and Carrier Assembly 
Installation 

ILL. 
NO. DESCRIPTION 

10 CASE, TRANSMISSION 
681 CARRIER ASSEMBLY, REACTION 
683 BEARING ASSEMBLY, THRUST (REACTION 

CARRIER/SUPPORT) 
685 SUPPORT, INTERNAL REACTION GEAR 
692 BAG., REACTION GEAR SUPPORT TO CASE 
697 DEFLECTOR, OIL (HIGH . 

OUTPUT MODELS ONLY) 
JHO 92-700R4 

Figure 40 Reaction Internal Gear and Carrier Bearing 
Locations 

6. The overall height for dimension D with the 
selective spacer plate included should be 30.515 
mm - 31.401 mm (1.20" - 1.24). 

E3 Install or Connect (Figures 41. 42, 43 and 44) 

1. Waved plate (682A) 
2. Correct selective spacer plate (682B), from 

selection procedure. 
3. Lo and reverse clutch plates (682) into case lugs 

start with a composition plate and alternate 
with steel. 
index with the splines of the reaction carrier 
and the case as shown. 

Lo and Reverse Support Assembly 

l+~I Remove or Disconnect (Figure 45) 

1. Inner race (675) from the support assembly 

2. One retainer ring (677) 
3. Roller clutch assembly (678) 
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679 

D 

.----INST ALL THE APPROPRIATE SELECTIVE 

STACK UP FOR 
MEASURING 

SPACER PLATE TO THE FINAL 
ASSEMBLY AFTER DIMENSION "D" 
IS OBTAINED. IDENTIFICATION SIDE UP. 

682(Al 

ILL. 
NO. DESCRIPTION 

679 SUPPORT ASSEMBLY. LO & REVERSE CLUTCH 
682 PLATE ASSEMBLY, LO & REVERSE CLUTCH 
682(Al SPACER PLATE, LO & REVERSE CL. !SELECTIVE! 
6B21B1 WAVE PLATE. LO & REVERSE CLUTCH 

JH00189-700R4 

Figure 41 Measuring For Spacer Plate Selection 

LO & REVERSE CLUTCH SPACER PLATE SELECTION CHART 

IF GAGE DIMENSIONS 'D' IS USE THIS SELECTIVE PLATE 

FROM TO IDENTIFICATION PLATE THICKNESS 

29.559mm 28.844mm 
NONE 

1.671mm 1.842mm 
(1.164") (1.136") (.066") (.073") 

28.844mm 28.129mm 
4 

2.386mm 2.557mm 
(1.136") (1.107") (.094") (.101 ") 

28.129mm 27.414mm 
5 

3.101mm 3.272mm 
(1.107") (1.079") (.122") (.129") 

JH01 IMJ.700R4 

Figure 42 Lo and Reverse Spacer Plate Selection Chart 

IL•I Inspect (Figure 45) 

• Inner race (675) for damage and surface finish 

• Roller clutch assembly (678) for 

damaged rollers 

broken springs 

• Cam and support assembly for 

loose cam 

surface finish 

cracks or damaged lugs. 

l++f Install or Connect (Figure 45 and 46) 

1. Roller clutch assembly (678) into the cam and 
support assembly ( 679) 

2. Support and roller assembly into the case with the 
hub down 

3. Inner race (675) into the roller assembly 

4. Turn inner race (675) while inserting 

push down for full engagement. 

bottom tangs wilJ be flush with carrier hub 
when properly installed. 
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LO & REVERSE CLUTCH 

QTY. THICKNESS 

PLATE-WAVED 1 
2.43mm 
(.096n) 

PLATE-SELECTIVE 1 SEE FIG. 42 

PLATE-COMP. FACED 5 
2.25mm 
(.OBBnl 

PLATE-FLAT STEEL 4 
1.77mm 

(.069") 

JH0094-700R4-R1 

Figure 43 Lo and R~verse Clutch Plate Chart 

10 CASE, TRANSMISSION 
682 PLATE ASSEMBLY, 

LO & REVERSE CLUTCH 

JH0093-700R4 

Figure 44 Lo and Reverse Clutch Plates Properly 
Installed 

check for proper operation by rotating the 
inner race as shown in Figure 45. 

5. Support retainer spring (680) into the case 
insert between the case lug and the one open 
notch in the support. 

Reaction Sun Gear and Shell 

IL'i'I Inspect (Figure 48) · 

• Reaction Sun Gear (673) for 
nicked, scored, or worn bushing. (See 
Bushing Replacement). 
damaged spline or teeth 
loose or weak retaining ring (do not remove 
this ring, except to replace it.) 

• Reaction sun shell (670) for 
stripped or worn splines 
broken hub 
bent tangs 

• Lo and reverse inner race to reaction sun gear 
shell thrust washer (674) for wear or damage 

• Reaction shaft to reaction sun gear shell thrust 
washer (669) for wear or damage (bronze thrust 
washer). 

680~--

A LOCKED UP 
B FREE WHEELS 

675 RACE, LO & REVERSE ROLLER CLUTCH 
677 RING, LO & REVERSE RETAINER (ROLLER 

ASSEMBLY/CAM) 
678 CLUTCH ASSEMBLY, LO & REVERSE ROLLER 
679 SUPPORT ASSEMBLY, LO & REVERSE CLUTCH 
680 SPRING, TRANSMISSION LO & REVERSE 

CLUTCH SUPPORT RETAINER JHoo96_700R4 

Figure 46 Lo and Reverse Clutch Support Assembly 

Align Wide Notch 
with Wide Case Lug. 

JH0096-700R4 

Figure 46 Lo and Reverse Support and Roller Asm. 
Installation 

f++! Install or Connect (Figure 48 and 49) 

1. Reaction sun gear retainer ring (671) onto the 
reaction sun gear, if previously removed. 

2. Reaction sun gear (673) into the reaction carrier 
index the teeth with the pinion gears. 

3. Thrust washer (674) onto the lo and reverse 
support inner race 



680 

679 

10 

10 CASE, TRANSMISSION 
678 CLUTCH ASSEMBLY, LO & REVERSE ROLLER 
679 SUPPORT ASSEMBLY. LO & REVERSE CLUTCH 
680 SPRING, TRANSMISSION LO & REVERSE 

CLUTCH SUPPORT RETAINER 
JH0097-700R4 

Figure 47 Support Spring• Installed 

Q--669 
I 

.,, c:::)X ) - - tJ_ 
10 CASE, TRANSMISSION 

669 WASHER, THRUST (REACTION SHAFT/SHELL) 

670 SHELL, REACTION SUN 

671 RING, REACTION SUN GEAR RETAINER 

673 GEAR, REACTION SUN 

674 WASHER, THRUST (RACE/REACTION SHELL) 

675 RACE, LO & REVERSE ROLLER CLUTCH 

676 RING, LO & REVERSE SUPPORT TO CASE 
RETAINER 

JH0098-700R4 

Figure 48 Sun Gear and Shell Installation 

index the four locating ears into the inner 
race. 
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4. Reaction ·gear shell (670) onto the reaction sun 
gear 

5. (Bronze) thrust washer (669) onto the reaction 
sun shell 

662 
663 

666 
669 
670 
673 
674 
675 

index tangs into the shell. 

CARRIER ASSEMBLY, INPUT-COMPLETE 
BEARING ASSEMBLY, THRUST (INPUT 
CARRIER TO REACTION SHAFT) 
SHAFT. REACTION CARRIER 

675 

\ 
~ 

WASHER, THRUST (REACTION SHAFT/SHELL) 
SHELL. REACTION SUN 
GEAR, REACTION SUN 
WASHER, THRUST (RACE/REACTION SHELLI 
RACE, LO & REVERSE ROLLER CLUTCH 

JHOOl9-700R4 

Figure 49 Input Carrier and Reaction Shell Bearing and 
Thrust Washer Locations 

Input Internal Gear and Output Shaft 

!++! Remove or Disconnect (Figure 50) 

1. Retainer ring (668) from input internal gear (664) 
2. Reaction carrier shaft (666) from the input 

internal gear 

!L•I Inspect (Figures 49, 50, and 52) 

• Reaction Carrier Shaft (666) for 
scored, damaged, or worn bushings (see 
Bushing Replacement) 
cracked shaft 
damaged spline or gear teeth 
under cut around the shaft from 
interference with the sun gear 
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664 

664 GEAR, INPUT INTERNAL 
666 SHAFT, REACTION CARRIER 
668 RING, REACTION SHAFT/INTERNAL GEAR 

RETAINER 
JH0100-700R4 

Figure 50 Input Internal Gear and Reaction Shaft 

• Input internal gear (664) for 
cracks 
damaged spline or gear teeth 

• Input carrier to reaction shaft thrust bearing 
(663) for wear or damage 

• Ouput shaft (687) 
plugged or restrictred lube passages 
damaged splines or ring groove 
damaged governor drive gear teeth 
burrs or damage to the front of the shaft at 
seal area. (Polish with crocus cloth if 
necessary) 
burrs or damage to bearing journals 
damaged teeth on speed sensor rotor 

Internal Transmission Speed Sensor Rotor 
REMOVE ONLY IF DAMAGED 
ROTOR CANNOT BE REUSED 

TOOLS REQUIRED: 
J-21427-01 speedometer gear puller adapter 
J-8433 speedometer gear puller 
~-36352 rotor installater & "C" 
washer 
Mechanical press 

1. Install J-21427 with J-8433 and remove rotor. 
2. Place new rotor over output shaft. 
3. Place J-36352-4 in groove on output shaft. 

DO NOT REUSE ROTOR 
4. Place J-36352-6 on shaft and press to make 

contact with J-36352-4. 

E3 Install or Connect (Figures 50 and 52) 

l. Reaction shaft (666) into the input internal gear 
. {664) 

2. Retainer ring {668) into the input internal gear 
3. Input internal gear and shaft assembly into the 

sun gear shell 
index the shaft spline into the reaction 
carrier. 

4. Thrust Bearing (663) onto the reaction carrier 
shaft. 

outer race goes toward the reaction carrier 
shaft. 

5. Output shaft (687) into the transmission 
index the splines with the mating parts. 

REMOVAL INSTALLATION 

PRESS 

J 36352-4 

J 21427-01 

687 SHAFT, OUTPUT 
699 ROTOR, INTERNAL TRANSMISSION SPEED 

SENSOR 
JH0101-700R4-R1 

Fig. 5 1 Internal Transmission Speed Sensor Rotor 

6. J-29837 onto the case 

10 

position upwards as far as possible to 
support the output shaft. 

10 CASE, TRANS. 
687 SHAFT, OUTPUT 

JH0077-700R4 

Figure 52 Output Shaft - Installation 

Input Carrier and Sun Gear 

IL•l 1nspect (Figure 53) 

• Input carrier assembly {662) for 
pinion gear damage . 
excessive pinion washer wear (end play .20-. 
61 mm/.008-.024 in.) · 
proper pin stake 
keystoned pinion gears (pinion gears must 
rotate freely) 
damaged or worn thrust bearing 

To check the captive thrust bearing in 
the carrier for wear, place a bushing c 
an output shaft sleeve on the bearin._ 
race (do not contact the pinion gears) 
and tum it with the palm of your 
hand. Any imperfections will be felt 
through the bushing. 



• Input sun gear (658) for 
bushing damage or wear (see Bushing 
Replacement Procedure). 
cracks 
damaged spline or gear teeth 

662 CARRIER ASSEMBLY, INPUT-COMPLETE 
690 SLEEVE, OUTPUT SHAFT 

JH0090-700R4 

Figure 53 Checking Captured Thrust Bearing 

E3 Install or Connect (Figure 54) 

TOOLS REQUIRED:· 
J-34627 Snap Ring Pliers 

1. Input carrier assembly (662) onto the output 
shaft 

2. Retainer ring (661) into the output shaft ring 
groove 

Do not reuse the old retainer ring if it has 
been overexpanded. 
Use care not to overexpand the ring during 
installation. 

3. Remove J-29837. 
4. Input sun gear (658) into the input carrier 

index the sun gear teeth into the pinion gear · 
teeth. 

Input Clutch Assembly 

l++I Remove or Disconnect (Figure 55) 

• Reverse input clutch assembly (605) from the 
input clutch assembly (621) 

• Oil pump to selective washer thrust bearing (615) 
• Selective washer (616) 

AUTOMATIC TRANSMISSION 700-R4-25 

~658 

I 

661----

10 CASE, TRANSMISSION 
658 GEAR, INPUT SUN 
661 RET., OUTPUT SHAFT TO INPUT CARRIER 
662 CARRIER ASSEMBLY, INPUT - COMPLETE 
663 BEARING ASSEMBLY, THRUST (INPUT 

CARRIER TO REACTION SHAFT) 
JH0102-700R4 

Figure 54 Input Carrier and Sun Gear - Installation 

605 

615 

616 
621 

0 

HOUSING & DRUM ASSEMBLY, REVERSE 
INPUT CLUTCH · 
BEARING ASSEMBLY, STATOR SHAFT/ 
SELECTIVE WASHER 
WASHER, THRUST (SELECTIVE) 
HOUSING & SHAFT 
ASSEMBLY, INPUT 

JH0103-700R4 

Figure 55 Reverse Input and Input Clutches 
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Ft3 Disassemble (Figures 57 and 58) 

TOOLS REQUIRED: 
J-23456 Clutch Spring Compressor Press 
J-23327-1 Clutch Spring Compressor 
J-25018-A Clutch Spring Compressor 
Adaptor 

1. Place the input clutch assembly (621) on the 
bench with the turbine shaft through the bench 
hole. 

2. The 3-4 clutch plate retainer ring (656) and the 
backing plate (655) 

3. The 3-4 clutch plates (654) 
4. Five 3-4 clutch boost spring assemblies (600) 
5. The 3-4 clutch apply plate (653) 
6. The 3-4 clutch ring retainer plate (652) 
7. Forward clutch backing plate retainer ring (651) 

and backing plate ( 650) 
8. Forward clutch sprag assembly (638 - 644) 

620 

REMOVAL 

) 
mm 

4") 
ETER 
TOCK 

621 

INSTALLATION 

A ROD STOCK/DRIFT, 5.715 mm (1/4"} DIA. 
620 RETAINER & CHECK BALL ASSEMBLY 
621 HOUSING & SHAFT ASSEMBLY, INPUT 
698 PLUG, ORIFICED CUP 

JH0104-700R4 

Figure 56 Retainer and Check Ball 
Remova 1/1 nsta I latio n 

!+:3 Disassemble 
1. Input sun gear bearing assembly (637) 

2. Input housing to output shaft lip seal (636). 
3. Forward clutch plates (649) · 
4. Forward wave plate (648) 
5. Forward clutch apply plate (646) 
6. Overrun clutch plates (645) 

1±1 Disassemble 

1. Install J-23456 and J-23327-1 with J-25018-A 
Compress overrun clutch spring assembly 
(634). 

2. Overrun clutch retainer ring (635). 
3. Overrun clutch spring assembly (634). 
4. Overrun clutch piston (632) 

inner and outer lip seals (631) 
5. Forward clutch piston assembly (630) 

inner and outer lip seals (629) 
6. Forward clutch housing (628) 
7. The 3-4 clutch spring assembly (626) 
8. The 3-4 clutch apply ring (625) and piston (623) 

inner and outer lip seals (624) from piston 
9. Forward clutch to input housing "O" ring seal 

(622) 
10. Four turbine shaft oil seal rings (619) 

IL•! inspect (Figure 60 and 61) 

1. Input housing for porosity or damage 
2. Input housing and shaft assembly (621) 

• all splines for wear or damage 
• air check feed passages. 
• three turbine shaft sealing balls 

the balls must not be loose or leaking. 
the open hole is the lube oil passage 
which feeds the output shaft. 

• Presence of orificed cup plug (698) 
• Cracks at lube holes. 
• Four turbine shaft oil seal ring grooves for 

damage or burrs 
seals must fit freely into the ring 
grooves. 

• Check valve retainer and ball assembly 
( 617) for damage 

the ball must move freely m the 
retainer. 
the retainer must be tight in the 
turbine shaft. 

Check Valve Retainer and Ball Assembly -
Replacement Procedures 

I++! Remove or Disconnect (Figure 59) 

TOOLS REQUIRED: 
6.3 mm ( #4) Screw extractor 

1. Straighten the tangs of the retainer and 
remove the ball. 

2. Check valve- retainer 
use 6.3 (#4) Screw Extractor 

f ++! Install or Connect (Figure 59) 

TOOLS REQUIRED: 



615 616 617 621 623 625 

1 ... 63~ 636 639 ... 644 641 - •• 6 

Le~--~ 
A 

ILL. 
NO. DESCRIPTION 
600 SPRING ASM., 3-4 CLUTCH BOOST (51 
615 BEARING ASSEMBLY, STATOR SHAFT/ 

SELECTIVE WASHER 
616 WASHER, THRUST (SELECTIVE) 
617 RETAINER & BALL ASSEMBLY, CHECK VALVE 
620 RETAINER & CHECK BALL ASSEMBLY 
621 HOUSING & SHAFT ASSEMBLY, INPUT 
623 PISTON, 3RD & 4TH CLUTCH 
625 RING, 3RD & 4TH CLUTCH APPLY 
626 SPRING ASSEMBLY, 3RD & '4TH CLUTCH 
627 RETAINER & BALL ASSEMBLY, FORWARD 

CLUTCH HOUSING 
628 HOUSING, FORWARD CLUTCH 
630 PISTON, FORWARD Ct:UTCH 
632 PISTON, OVERRUN CLUTCH 
633 BAU, OVERRUN CLUTCH 

· 634 SPRING ASSEMBLY, OVERRUN CLUTCH 
636 SNAP RING, OVERRUN CLUTCH SPRING 

RETAINER 
636 SEAL, INPUT HOUSING TO OUTPUT SHAFT 
645 PLATE ASSEMBLY, OVERRUN CLUTCH 

A FORWARD CLUTCH SPRAG ASSEMBLY 
637 BEARING ASSEMBLY, INPUT SUN GEAR 
638 SNAP RING, OVERRUN CL. HUB RET. 
639 HUB, OVERRUN CLUTCH 
641 RETAINER & RACE ASSEMBLY, SPRAG 
642 FORWARD SPRAG ASSEMBLY 
643 RETAINER RINGS, SPRAG ASSEMBLY 
844 RACE, FORWARD CLUTCH (OUTER) 

662 663 

AUTOMATIC. TRANSMISSION 700-R4-27 

626 630 632 

648 650 661 

654 655 

ILL. 
NO. DESCRIPTION 
646 PLATE, FORWARD CLUTCH APPLY 
648 PLATE, FORWARD CLUTCH (WAVED) 
649 PLATE ASSEMBLY, FORWARD CLUTCH 
650 PLATE, FORWARD CLUTCH BACKING (SEL. J 
651 RING, FORWARD CLUTCH BACKING PLATE . 

RETAINER 
652 PLATE, 3RD & 4TH CLUTCH RING RETAINER 
653 PLATE, 3RD & 4TH CLUTCH APPLY 

(STEPPED I 
654 PLATE ASSEMBLY, 3RD & 4TH CLUTCH 
655 PLATE, 3RD & 4TH CLUTCH BACKING ISEL.l 
656 RING, 3RD & 4TH CLUTCH BACKING 

PLATE RETAINER 
657 BUSHING, INPUT SUN GEAR (FRONTI 
698 PLUG, ORIFICED CUP 

656 

J HO 106-700R4-R 1 

Figure 57 Input Clutch Assembly 
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621 INPUT HOUSING & 
SHAFT ASSEMBLY 

JH0106-700R4-R1 

Figure 58 Overrun Clutch Retainer Ring - Removal 

A 
B 
C 

617 

9.5 mm (3/8") diameter metal rod 
• New check valve retainer and ball assembly 

(617) 

C 

use the 9.5 mm (3/8#) metal rod. 
seat the retainer 3.0 mm (1/8 in.) 
below top surface of the turbine shaft. 
be certain the ball is loose . . ,, · ~-

~a~L ..... L--
INSTALL 

REMOVE -

#4 EASY OUT 
TURBINE SHAFT 
9.SMM {3/8 IN.) METAL ROD 
CHECK VALVE RETAINER 
& BALL ASSEMBLY JH0107-700R4 

Figure 59 Retainer and Ball Assembly - Replacement 

!L•! Inspect (Figure 60 a·nd 61) 

• Turbine shaft "O" ring seal (618) for nicks, cuts, 
or damage 

• Input housing check valve ball (620). 

the ball must move freely. 

leak check the ball with solvent. rn Important (Figure 60) 

• - If the 3-4 clutch plates are burned or 
worn and a cause is not found during 
diagnosis or disassembly, replacement 
of the retainer and check ball assembly 
may be required. 

!++! Remove or Disconnect (Figure 66) 

TOOLS REQUIRED: 

6.35 mm {1/4") diameter rod or drift hammer 

1. Tap out retainer and ball assembly. 

E3 lnstaUor Connect (Figures 66 and 60) 

1. Using same tools, tap in retainer and ball 
assembly until shoulder _is seated in housing. 

621 

687 

A LUBE PASSAGE 

615 

616 
620 
621 
636 
687 
698 

BEARING ASSEMBLY.STATOR SHAFT/ 
SELECTIVE WASHER 
WASHER, THRUST {SELECTIVE) 
RETAINER & CHECK BALL ASSEMBLY 
HOUSING & SHAFT ASSEMBLY, INPUT 
SEAL, INPUT HOUSING TO OUTPUT SHAFT 
SHAFT, OUTPUT 
PLUG, ORIFICEO CUP · 

JH0108-700R4 

Figure 60 lnp1Jt Housing Check Valve Ball 

!L•! Inspect (Figure 57) 

• The 3-4 clutch piston (623) for damage or 
porosity 

• The 3-4 clutch apply ring (625) for 

bent tangs 

• The 3-4 clutch spring assernby (626) for damage 
or distortion 

• The 3-4 clutch boost spring assemblies (600) for 
damage or distortion 

F;+! Assemble (Figure 62) 

1. Position the input housing and shaft assembly on 
the bench with the turbine shaft through a bench 
hole. 



• 
• 

• 
• 

USED WITH USED WITH 
298 MM CONVERTER 245 MM CONVERTER 

A SHAFT, TURBINE 
618 SEAL, "O" RING (TURBINE SHAFT/ 

SELECTIVE WASHER) 
621 HOUSING & SHAFT 

ASSEMBLY, INPUT 
JH0109-700R4 

Figure 61 Views of the Input Housing 

2. Inner and outer 3-4 clutch lip seals (624) on the 
3-4 clutch piston 

seal lips must face away from the piston 
hub. 
lubricate the seals with transmission fluid. 

3. The 3-4 clutch piston (623) into the input housing 
as shown 

use care not to damage the seals. 

623 

I 

621---... 

624 

621 HOUSING & SHAFT ASSEMBLY, INPUT 
623 PISTON, 3RD & 4TH CLUTCH 
6:24 SEALS, 3RD & 4TH CLUTCH (INNER & OUTER) 

JH0111-700R4 

Figure 62 Input Housing and 3-4 Piston 

!l1"1 Inspect (Figures 57, 63, 65) 

• Forward clutch housing (628) for 
proper check ball operation 
damage or distortion 
burrs in seal areas 
cracks 

• Forward clutch piston (630) and overrun clutch 
piston (632) for 

porosity or damage 
ring groove damage 
apply leg damage 

AUTOMATIC TRANSMISSION 700-R4-29 

• Overrun spring assembly (634) for damage or 
distortion 

• Input housing to output shaft lip seal (636) for 
damage or wear 

!-+!3 Assemble (Figures 63 and 64) 

TOOLS REQUIRED: 
J-23456 Clutch Spring Compressor Press 
J-23327-1 Clutch Spring Compressor 
J-25018-A Clutch Spring Compressor 
Adaptor 
J-29882 Overrun Clutch Inner Seal 
Protector 
J-29883 Forward Clutch Inner Seal 
Protector 

1. Forward clutch housing to input clutch housing 
"O'' ring seal (622) as shown 

lubricate with transmission fluid. 
2. Inner and outer seals (629) on forward clutch 

piston 
seal lips must face away from the piston 
tangs as• shown. 
lubricate with transmission fluid. 

3. Forward clutch piston (630) into the forward 
clutch housing 

use care not to damage the outer lip seal. 
4. The 3-4 clutch spring assembly (626) onto the 3-4 

clutch apply ring 
5. Forward clutch assembly onto the 3-4 clutch 

spring assembly 
the forward clutch piston apply legs must be 
indexed with the 3-4 clutch apply ring legs. 

6. J-29883 on the input housing as shown 
· 7. Apply ring and forward clutch assembly into the 

input housing as shown 
hold the assembly by the apply ring legs 
during installation. 
do not let the forward clutch piston separate 
from the housing. 
firmly seat the assembly. 

8. J-29882 on the input housing as shown 
9. Overrun clutch piston (632) 

hub facing upward as shown. 
if all parts are properly seated to this point, 
the overrun piston hub will be 
approximately 4.7 mm (3/16 in.) below the 
snap ring groove in the input housing hub. 

1-+;+j Assemble (Figures 65 and 66) . 

1. Overrun clutch spring assembly (634) onto the 
overrun clutch piston. 

locate the springs on the piston tabs 
2. J-23456 and J-23327-1 with J-25018-A onto the 

overrun spring assembly. 
compress springs (Do not over-compress). 

3. Retainer snap ring (635) into the snap ring groove 
4. Input housing to output shaft lip seal (636) 

!l11'1 Inspect 

• Overrun clutch plates (645) 
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621 HOUSING & SHAFT ASSEMBLY, INPUT 
622 SEAL, O-RING (INPUT/FWD. HSG.) 
623 PISTON, ~RD & 4TH CLUTCH 
625 RING, 3RD & 4TH CLUTCH APPLY 
626 SPRING ASSEMBLY, 3RD & 4TH CLUTCH 
628 HOUSING, FORWARD CLUTCH 
629 SEALS, FWD. CLUTCH (INNER & OUTER) 
630 PISTON, FORWARD CLUTCH 

JH0112-700A4 

Figure 63 Forward Clutch and 3-4 Apply Ring -
Installed 

ILL. 
NO. DESCRIPTION 
621 HOUSING & SHAFT ASSEMBLY, INPUT 
623 PISTON, 3RD & 4TH CLUTCH 
625 RING, 3RD & 4TH CLUTCH APPLY 
626 SPRING ASSEMBLY, 3RD & 4TH CLUTCH 
628 HOUSING, FORWARD CLUTCH 
630 PISTON, FORWARD CLUTCH 
631 SEAL, OVERRUN CLUTCH (INNER & OUTER) 
632 PISTON, OVERRUN CLUTCH 

JH0113-700R4 

Figure 64 Overrun Piston - Installed 

621 INPUT HOUSING & 
SHAFT ASSEMBLY 

JH0108-700R4-R1 

Figure 65 Overrun Clutch Retaining Ring - Installed 

621 HOUSING & SHAFT ASSEMBLY, INPUT 
636 SEAL, INPUT HOUSING TO OUTPUT SHAFT 
637 BEARING ASSEMBLY, INPUT SUN GEAR 
687 SHAFT, OUTPUT 

JH0114-700R4 

Figure 66 Input Hsa to Output Shaft Lip Seal 

Composition plates for damaged tangs, 
delamination, or excessive wear 
Steel plates for damaged tangs, wear, or 
heat damage 

• Input sun gear bearing assembly (637) for wear, 
flatness or damage 

(-+;+I Assemble (Figures 67 and 68) 

1. Overrun clutch plates (645) into the input 
housing. 

overrun clutch plates are the smallest of the 
three sets of plates in the input housing. 
index the plates as shown starting with a · 
steel plate and alternate with composition. 

2. Thrust bearing assembly (637) onto the input 
clutch hub 



the inside race must face the input housing 
hub. 
retain with petrolatum. 

3. Align the tangs on the two composition overrun 
clutch plates. 

OVERRUN 

* ALIGN WIDE NOTCHES TO CASE LUGS 

MODEL 

ALL 
MODELS 

OVERRUN CLUTCH 

FLAT 
STEEL 

THICK-
NO. NESS 

2.34mm 
2 (.091 11

) 

COMP. 
FACED 

THICK-
NO. NESS 

2.03mm 
2 (.079") 

JH0111>-700 4 

Figure 67 Overrun Clutch Plate Chart 

Forward Clutch Sprag Assembly 

F:3 Disassemble (Figure 69) 

1. Forward sprag outer race (644) 
2. Overrun clutch hub retaining snap ring (638) and 

clutch hub (639) 
3. Forward clutch retainer and race assembly (641) 

IL•l 1nspect 
• Forward clutch sprag assembly (642) for 

wear or damage 
weak or broken springs 
damaged or missing retainer caps (brass) 

• Overrun clutch hub (639) for 
spline damage 
plugged lubrication holes 
damaged tangs 
cracks 

• Forward clutch retainer and race assembly (641) 
for 

spline damage 
ring groove damage 
surface finish damage 
loose retainer 

AUTOMATIC TRANSMISSION 700-R~31 

621 HOUSING & SHAFT ASSEMBLY, INPUT 

637 BEARING ASSEMBLY, INPUT SUN GEAR 

658 GEAR, INPUT SUN 

JH011S.7 R4 

Figure 68 Input Sun Gear Thrust Bearing 

~ 
637 638 639 643 844 641 

THE NOTCHES ABOVE EACH6= I 
SPRAG MUST POINT UP AS ~ 
SHOWN WHEN ASSEMBLED L__J 
INTO THE OUTER RACE ~ 

637 BEARING ASSEMBLY, INPUT SUN GEAR 
638 SNAP RING, OVERRUN CLUTCH HUB RET. 
639 HUB, OVERRUN CLUJCH 
64 t RETAINER & RACE ASSEMBLY, SPRAG 
642 FORWARD SPRAG ASSEMBLY 
643 RETAINER RINGS, SPRAG ASSEMBLY 
644 RACE, FORWARD CLUTCH OUTER JH

0117
_
700

R4-Rl 

Figure 69 Forward Clutch Sprag Assembly 

• Forward sprag outer race (644) for 
spline damage 
surface finish damage 
plugged lubrication holes 

1-+!+I Assemble (Figures 70, 71, 72) 

1. Forward clutch sprag assembly (642) into the 
outer race 

to correctly..install, the notches in the sprag 
cage must face upward as shown. 

2. One sprag retainer ring (643) onto the race and 
retainer assembly 
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the flange on the retainer ring must face 
away from the retainer. 

3. Race and retainer . assembly into the sprag 
assembly 

to assemble, hold the outer r~ce in your left 
hand with your fingers supporting the sprag 
at the recessed side of the outer race. 
insert the race and retainer assembly by 
pushing in and turning to the left. 

4. The remaining retainer ring onto the sprag 
assembly · 

5. Overrun clutch hub (639) 
6. Overrun clutch hub retaining snap ring (638) into 

the snap ring groove of the race and retainer 
assembly 

7. Test the assembly for proper operation as shown 
(Figure 72). 

If the assembly operates backwards, you 
have installed the sprag backwards. 
Reassemble correctly. 

A 
~644 

B 

A RECESSED FACE 
B NOTCHES POINT UPWARD AS SHOWN 
C LIPPED EDGE 

642 FORWARD SPRAG ASSEMBLY 
644 RACE, FORWARD CLUTCH - OUTER 

JH0118-700R4 

Figure 70 Sprag Assembly Procedure 

641 --H51!--ffff'--M"!~ 

642 

643 

644 

A PUSH IN AND TURN COUNTERCLOCKWISE 
TO INSTALL 

641 RETAINER & RACE ASSEMBLY, SPRAG 
642 FORWARD SPRAG ASSEMBLY 
643 RETAINER RINGS, SPRAG ASSEMBLY 
644 RACE, FORWARD CL-

OUTER 
JH011 it-700R4 

Figure 71 Sprag Race and Retainer Assembly 
Procedure 

THE OVERRUN CLUTCH HUB MUST TURN 
CLOCKWISE, BUT NOT COUNTERCLOCKWISE 

639 HUB, OVERRUN CL 
644 RACE, FORWARD CL -

OUTER 
JH0120.700R4 

Figure 72 Check Sprag for Proper Operation 

(+t+-1 Assemble 
• Forward clutch sprag assembly into the input 

clutch housing 
index the overrun clutch hub into the 
overrun clutch plates. 

IL'l'I Inspect {Figure 73 and 74) 

• Forward (649) and 3-4 clutch plates (654) 
Composition plates for damaged tangs, 
delamination, or wear 
Steel plates for damaged tangs, wear, or 
heat damage 

• Forward (650) and 3-4 clutch backing plates 
(655) for 

flatness 
surface finish damage 
burrs or nicks 

• Forward clutch apply plate (646) and spacer plate 
(647) for 

flatness 
surface finish damage 
burrs or nicks 

• The 3-4 clutch apply plate (653) for 
flatness 
surface finish damage 

• The 3-4 clutch ring retainer plate (652) for 
bent tangs 
flatness 

F!+-! Assemble (Figures 73, 74, 75 and 76) 

1. Forward clutch apply plate (646) into the input 
clutch housing 

index as shown. 
2. Waved steel forward clutch plate (648) into the 

input clutch housing 
index as shown. 

3. The remaining forward clutch plates (649) into 
the input clutch housing 

start with a steel plate and alternate with 
composition 



4. F9rward clutch selective backing plate (650) 
5. Forward clutch retaining ring (651) 

Forward Clutch Piston Travel Check 

l~I Measure (figure 76) · 

1. With the Overrun Clutch and Forward Clutch 
fully assembled in the Input Housing, check the 
end clearance between the backing plate · ( 650) 
and the retaining ring (651) with two feeler gages. 

2. Proper Forward Clutch Backing Plate Travel 
should be .75-1.60 mm (.030"-.063"). 

3. Select the proper backing plate from the chart to 
obtain the correct clearance 

1-+!+I Assemble (Figure 77 and 81) 

1. The 3-4 ring retainer plate (652) 
index each leg into the apply ring legs. 

2. The 3-4 clutch apply plate (653) 
3. The 3-4 clutch plates (654) 

start with steel and alternate with 
composition as shown in (Figure 81) 
first steel plate has the same spline 
configuration as apply plate 

4. The 3-4 boost springs (600) 
5. The 3-4 clutch backing plate (655) and retainer 

ring (656) 
chamfered side up. 

ALIGN WIDE NOTCHES 

TO CASE LUGS 

LOCATE IN FIVE 
PLACES AROUND · 
CLUTCH PACK 

600 

FORWARD CLUTCH PACK 

3-4 CLUTCH PACK 

600 

600 SPRING ASM., BOOST 3-4 CLUTCH 

JH0121-700R4-R1 

600 

Figure 73 Forward and 3-4 Clutch Plates - Installed 

AUTOMATIC TRANSMISSION 700-R4-33 

ILL. 
NO. DESCRIPTION 
600 SPRING ASSEMBLY, 3-4 CLUTCH BOOST (5) 
621 HOUSING & SHAFT ASSEMBLY, INPUT 
646 PLATE, FORWARD CLUTCH APPLY 
648 PLATE, FORWARD CLUTCH (WAVED) 
649 PLATE ASSEMBLY, FORWARD CLUTCH 
650 PLATE, FORWARD CLUTCH BACKING (SEtECTIVEl 
651 RING, FORWARD CLUTCH BACKING PLATE RETAINER 
652 PLATE, 3RD & 4TH CLUTCH RING RETAINER 
653 PLATE, 3RD & 4TH CLUTCH APPLY (STEPPED) 
654 PLATE ASSEMBLY, 3RD & 4TH CLUT.CH 
655 PLATE, 3RD & 4TH CLUTCH BACKING (SELECTIVE) 
656 RING, 3RD & 4TH CLUTCH BACKING PLATE RETAINER 

J 122-70 R4-R1 

Figure 7 4 Input Housing with Forward and 3-4. Clutch 
Plates 



700-R4-34 AUTOMATIC TRANSMISSION 

FORWARD CLUTCH INFORMATION CHART 

PLATE TYPE THICK- QUANTITY REQUIRED 
NESS ALL MODELS 

APPLY PLATE 
6.44mm 

1 (2.51'") 

WAVED STEEL 2.03mm 
CLUTCH PLATE (.079") 1 

FLAT STEEL 2.29mm 
CLUTCH PLATE (.090·) 5 

COMPOSITION 
1.78mm FACED CLUTCH 6 

PLATE (.070") 

BACKING PLATE 
SELEC-

1 
TIVE 

JH0123-70 R4-R1 

Figure 75 Forward Clutch Plate Chart 

FORWARD CLUTCH 
BACKING PLATE SELECTION 

ALL MODELS 

. 76mm - 1.60mm 
BACKING PLATE TRAVEL .. (.030· •• oa3•I 

PLATE THICKNESS IDENTIFICATION 

6.92mm - 7.07mm 
A 

I.21r - .218·1 

6.33mm • 6.48mm 
B 

1.249" - .255") 

6. 74mm - 6.89mm 
C (.225" • .232"1 

5. 1 5mm • 5.30mm 
D 

(.203" • .208") 

4.56mm - 4. 71 mm 
E 

(.180" • 185") 

650 

621 

621 HOUSING & SHAFT ASSEMBLY, INPUT 
650 PLATE, FORWARD CLUTCH BACKING 
651 RING, FORWARD CLUTCH BACKING PLATE 

RETAINER 
JH0124-700R4 

Figure 76 Forward Clutch Backing Plate Travel 

· 3-4 CLUTCH 
INFORMATION CHART 

THICK- QUANTITY REQUIRED 
PLATE TYPE 

NESS •A-MODELS •a-MODELS 

STEPPED 3.30mm 
1 1 

APPLY PLATE (.130") 

FLAT STEEL 1.97mm 
1 1 t ClUTCH PLATES I.on·I 

FLAT STEB. 1.78mm 
6 5 

CLUTCH PLATE (.070") 

COMPOSITION 
2.03mm 

FACED CLUTCH 5 6 
PLATES 

(0.79") 

BACKING SELEC-
1 1 

PLATE TIVE 
' 

•A-MODELS MCM. MTM, PRM, YXM 

•a-MODELS ALL OTHERS 

tSAME SPLINE CONFIGURATION AS APPLY PLATE 

JH0126-700R4-R1 

Figure 77 3-4 Clutch Plate Chart 

3-4 Clutch Piston Travel Check 

ltjl Measure (Figure 78) 

I 

• Check the end clearan~ between the backing 
plate (655) and the first composition plate with a 
feeler gage. 

• Select the proper backing plate from the chart to 
obtain the correct clearance for model you are 
working on. 

Clutch Air Check 

(Figure 79) 

Air check the 3-4, forward, and overrun clutches 
by applying air pressure at the feed holes in the turbine 
shaft. (When the overrun clutch is checked, the air will 
blow by the forward clutch piston lip seals and exit out 
the forward clutch feed hole in the turbine shaft.) 

l+:+I Assemble (Figure 80) 

TOOLS REQUIRED: 

J-36418-1 seal installer 

J-36418-2A seal sizer 

1. Install four turbine shaft oil seal rings (619) using 
J-36418-1 

Adjust screw to obtain proper height 

2. Use J-36418-2A to size the seals after installation 



MODEL 

3-4 BACKING PLATE SELECTION 

BACIJl8 PLATE 
TRAVEL 

"BACKING 
PLATE 

Use Backing Plate 
Which Gives 

CllfT8Ct Travel 

DIM. I.D. 

MCM, MTM, 
PRM, YXM 

ALL OTHERS 

2.42mm • 1.&lnan 
(.095... · .063 "I 

2.40mm • 1.52mm 
1.094 ... · .060 *I 

655 

6.58nm-6.38mm 
(.259*-.251"1 

5.75mm-5.55mm 
(.226*·.218*1 

4.92mm-4.72mm 
r.194* -.188"1 

4.08mrn-3.89mm 
(.181*-.153*1 

621 HOUSING & SHAFT ASSEMBLY, INPUT 
654 PLATE ASSEMBLY, 3RD & 4TH CLUTCH 
655 PLATE, 3RO & 4TH CLUTCH BACKINGJH0128_70o-R4-Rt 

Figure 78 Backing Plate Selection Chart 

Reverse Input Clutch Assembly 

Ft3 Disassemble (Figure 82 and 83} 

TOOLS REQUIRED: 

!i 

6 

1 

8 

J-23327-1 Clutch Spring Compressor 
J-25018-A Clutch Spring Compressor 
Adaptor 

l. Retaining ring (614) from reverse input housing 
2. Backing plate (613) 
3. Clutch plates ( 612) and belleville steel plate ( 611) 
4. Install J-23327-1 and J-25018-A. 

compress the spring assembly. 
5. Spring assembly retainer ring (610) and spring 

assembly (609) 
6. Reverse input clutch piston (607) 

inner and outer lip seals (608) from piston 

f L•J Inspect (Figures 82 and 84} 

• Backing plate (613) for 
damage 
distortion or flatness 

AUTOMATIC TRANSMISSION 700-R4-35 

1. CONVERTER RELEASE 
2. OVERRUN CLUTCH 4. 3 • 4 CLUTCH 
3. FORWARD CLUTCH 5. LUBE 

JH0127-700R4 
Figure 79 Turbine Shaft Fluid Passages 

J 36418-1 

• 
• 

• 
• 

619 RING, Oil SEAL (TURBINE SHAFT) 
621 HOUSING & SHAFT ASSEMBLY, INPUT 

JH0128-700R4 

Figure 80 Turbine Shaft Oil Seal Rings 

burrs or surface finish damage 
• Clutch Plates (612) 

Composition for tang damage, 
delamination, or wear 
Steel for tang damage, wear, or heat damage 

• Spring assembly (609) for distortion or damage 
• Piston ( 607) 

for damage or poposity 
for ring groove damage 

• Housing and .drum assembly (605) for 
damaged or worn bushings (603 and 606) 



700-R4-36 AUTOMATIC TRANSMISSION 

622 

619 

600 SPRING ASM., BOOST 3-4 CLUTCH 
619 RING, OIL SEAL !TURBINE SHAFT) 
620 RETAINER & CHECK BALL ASSEMBLY 
621 HOUSING & SHAFT ASSEMBLY, INPUT 
622 SEAL, "O" RING INPUT TO FORWARD HSG. 
623 PISTON, 3RD & 4TH CLUTCH 
624 SEAL, 3RD & 4TH CL. (INNER & OUTER) 
625 RING, 3RD & 4TH CLUTCH APPLY 
626 SPRING ASSEMBLY, 3RD & 4TH CLUTCH 
628 HOUSING, FORWARD CLUTCH 
629 SEAL, FORWARD CLUTCH (INNER & OUTER) 
630 PISTON, FORWARD CLUTCH 
631 SEAL, OVERRUN CLUTCH !INNER & OUTER) 
632 PISTON, OVERRUN CLUTCH 
634 SPRING ASSEMBLY, OVERRUN CLUTCH 

632 

635 SNAP RING, OVERRUN CLUTCH SPRING RETAINER 
636 SEAL, INPUT HOUSING TO OUTPUT SHAFT 
637 BEARING ASSEMBLY, INPUT SUN GEAR 

r----------7 

';;;;;;;~~~~-:-ii 
I 
I 
I 
I 

54 
655 ', rwo SETS OF l 

STEEi. PLATES 

I I 
I 

MCM,MTM, I 
PRM, YXM I 

I MODELS ONLY I L. __________ .J 

2 

5 

638 SNAP RING, OVERRUN CL. HUB RETAINING 
639 HUB, OVERRUN CLUTCH 
641 RETAINER & RACE ASSEMBLY, SPRA~ 
642 FORWARD SPRAG ASSEMBLY 
643 RETAINER RINGS, $PRAG ASSEMBLY 
644 RACE, FORWARD CLUTCH (OUTER) 
645 PLATE ASSEMBLY. OVERRUN CLUTCH (STEEL & COMP.) 
646 PLATE, FORWARD CLUTCH APPLY 
648 PLATE, FORWARD CLUTCH (WAVED) 
649 PLATE ASSEMBLY, FORWARD CLUTCH 
650 PLATE, FORWARD CLUTCH BACKING (SEL.) 
651 RING. FORWARD CLUTCH BACKING PLATE RETAINER 
652 PLATE, 3RD & 4TH CLUTCH RING RETAINER 
653 PLATE, 3RD & 4TH CL. APPLY (STEPPED) 
654 PLATE ASSEMBLY, 3RD & 4TH CLUTCH 
655 PLATE, 3RD & 4TH CLUTCH BACKING (SELi 
656 RING, 3RD & 4TH CLUTCH BACKING PLATE RETAINER 

JH0129•700R4-Rt 

Figure 81 Input Clutch Assembly 

surface on the hub and outer housing 
leak at the weld 

l+!+I Assemble (Figures 82, 83, 85, 86 and 87) 

TOOLS REQUIRED: 
J-23327-1 Clutch Spring Compressor 
J-25018-A Clutch Spring Compressor 
Adaptor 

1. Inner and outer seals (608) on the piston 
lips must face away from the hub as shown. 
lubricate with transmission fluid. 

2. Piston (607) into the housing and drum assembly 
use an 8 mm feeler gage to position the lip 
seals. 
use care not to damage the seals. 

3. Spring assembly (609) 
large opening in the assembly goes towards 
the piston. 

4. Install J-23327-1 and J-25018-A. 
compress the spring assembly 
install the retainer ring (610). 

5. Belleville steel clutch plate (611) 

6. Clutch plates (612). (4 steel and 4 composition 
plates required) · 

start wit~ a steel and alternate with 
composition 

7. Backing plate (613) 

chamfered side up 

8. Retaining ring (614) 

l@I Measure (Figure 85, 86 and 871 

l. With the Reverse Input Clutch fully assembled, 
apply an evenly distributed load to the Clutch 
Pack in the direction shown in Figure 1. Medium 
pressure (approximately 89 N or 20 lbs.) on the 
Backing Plate applied . by hand on five evenly 
distributed points will obtain the Backing Plate 
Travel for measurement. 

CAUTION: (Excessive pressure will 
distort the Belleville plate resulting in 
an inaccurate measurement.) 



ILL. 
NO. DESCRIPTION 
605 HOUSING & DAUM ASSEMBLY, REVERSE 

INPUT CLUTCH 
607 PISTON ASM., REVERSE INPUT CLUTCH 
608 SEALS, REVERSE INPUT CLUTCH 

!INNER & OUTER) 
609 SPRING ASM., REVERSE INPUT CLUTCH 
610 RING, REVERSE INPUT CLUTCH SPRING 

RETAINER 
611 PLATE, REVERSE INPUT CL (BELLEVILLE) 
612 PLATE ASM., REVERSE INPUT CLUTCH 
613 PLATE, REVERSE INPUT CLUTCH BACKING 
614 RING, REVERSE INPUT CL. RETAINING 

JH0130-700R4 

Figure 82 Reverse Input Clutch Assembly 

\ 

AUTOMATIC TRANSMISSION 700-R4-37 

J 25018-A 
UNDER 

\ >I -~, 
605 REVERSE INPUT :::,.:::::' ~.;;::- =~ 

J 23327-1 

CLUTCH ASM. 
JH0131-700R4-R1 

Figure 83 Reverse Input Retainer Ring - Removal 

A CHECK FOR DISHING AT THIS POINT 
605 HOUSING & DRUM ASSEMBLY, REVERSE 

INPUT CLUTCH 
JH0132-700R4 

Figure 84 Check Reverse Input Housing For Dishing 

2. Using a Feeler Gage, measure between the Snap 
Ring and the Backing Plate. Backing Plate Travel 
should be 1.02mm - 1.94mm (.040" - .076"). 

3. Select the proper Backing Plate to obtain the 
specified travel. 

Reverse Input and Input Clutches 

F;+f Assemble (Figures 89 and 90) 

1. Selective thrust washer (616) onto the input 
housing 

2. Bearing assembly (615) 
inside (black race) goes toward the oil 
pump. 

3. Reverse input clutch assembly (605) onto the 
input clutch assembly 

index the reverse input clutch plates with 
the input clutch hub. 
make certain all clutches are fully engaged. 

!-+++I Assemble (Figure 91) 

• Reverse input and input clutch assembly into the 
transmission case 

index the 3-4 clutch plates with the input 
internal gear. 



700.R4-38 AUTOMATIC TRANSMISSION 

CHECK FOR 
(.040" - .075") 
BACKING PLATE 
TRAVEL. 

JH0133-700R4 

Figure 85 Reverse Input Backing Plate Selection 

REVERSE INPUT CLUTCH 

10. THICKNESS 

BELLEVILLE 
1 

2.311 mm (.091 ") 
PLATE 2.210mm (.087") 

FLAT STEEL 
4 

2.045mm (.081 ") 
CLUTCH PLATE 1.892mm (.075•) 

COMPOSITION 
1.880mm (.074") 

FACED CLUTCH 4 
1 . 730mm (.068"1 

PLATE 

BACKING PLATE 1 SELECTIVE 

JH0134-700R4-R1 

Figure 86 Reverse Input Clutch Plate Chart 

make sure all clutch plates are fully 
engaged. · 
when properly assembled, the reverse input 
clutch housing will be located just below the 
case oil pump face. 

2-4 Band Assembly 

IL•! inspect 

• 2-4 band assembly (602) for damage or wear 

1-+!+I Assemble (Figure 91, 92) 

1. The 2-4 band assembly (602) into the case 
index the band anchor pin end with the case 
pin hole. 

2. Band anchor pin ( 48) into the case 

REVERSE INPUT CLUTCH 
BACKING PLATE SELECTION 

AU MODELS 

BACKING PLATE TRAVEL • 
1.02mm - 1 .94mm 

(.040" - .076") 

PlATE THICKNESS IDENTIFICATION 

7 .60mm - 7 .45mm 
6 

(.299" - .293") 

6.94mm - 6. 79mm 
6 

(.273" - .267") 

6.28mm - ,6.13mm 
7 

1.247" - .241 ") 

5.62mm - 5.47mm 
8 (.221 • - .215") 

JH0191-700R4 

Figure 87 Reverse Input Backing Plate Selection Chart 

605 607 611 612 

614 

613 

605 HOUSING & DAUM ASSEMBLY, REVERSE 
INPUT CLUTCH 

607 PISTON ASM., REVERSE INPUT CLUTCH 
609 SPRING ASM., REVERSE INPUT CLUTCH 
610 RING, REVERSE INPUT CLUTCH SPRING 

RETAINER 
611 PLATE, REVERSE INPUT CL. ·(BELLEVILLE) 
612 PLATE ASM., REVERSE INPUT CLUTCH 
613 PLATE, REVERSE INPUT CLUTCH BACKING 
614. RING, REVERSE INPUT CL. RETAINING 

JH01311-700R4 

Figure 88 Reverse Input Clutch 

index the pin into the 2-4 band. 

Oil Pump Assembly 

1+-+I Remove or Disconnect (Figure 95) 

l. Thrust washer (601) 

2. Pump cover to case gasket (9) 

3. Pump to case oil seal (8) 

4. Pump cover bolts (236) 

5. Pump cover (217) from pump body (203) 



IU. 

CORRECTLY 
INSTALLED 

NO. DESCRIPTION 

• 

615 BEARING ASSEMBLY, STATOR SHAFT/ 
SELECTIVE WASHER 

616 WASHER, THRUST !SELECTIVE) 
621 HOUSING & SHAFT ASSEMBLY. INPUT 

JH0136-700R4-R1 

Figure 89 Thrust Bearing and Selective Washer 
Location 

0 

605 HOUSING & DRUM ASSEMBLY, REVERSE 
INPUT CLUTCH 

615 BEARING ASSEMBLY, STATOR SHAFT/ 
SELECTIVE WASHER 

616 WASHER, THRUST (SELECTIVE) 
621 HOUSING & SHAFT 

ASSEMBLY, INPUT 
JH0103-700R4 

Figure 90 Reverse Input and Input Clutches 

AUTOMATIC TRANSMISSION 700-R4-39 

605 

621 0 0 

WJillJJ,I 

A BAND ANCHOR PIN LOCATION 
10 CASE, TRANSMISSION 
48 PIN, BAND ANCHOR 

605 HOUSING & DRUM ASSEMBLY, REVERSE 
INPUT CLUTCH 

621 HOUSING & SHAFT ASSEMBLY, INPUT 

JH0137-700R4 

Figure 91 Installing Input Clutch 

10 CASE, TRANSMISSION 
602 BAND ASSEMBLY; 2-4 
605 HOUSING & DRUM ASSEMBLY, REVERSE 

INPUT CLUTCH 
JH0138-700R4 

Figure 92 2-4 Band Assembly - Installed 

Pump Body 

l+!+I Disassemble (Figure 95) 

1. Pump slide spring (209) 
compress with needJe nose pliers. 
pull straight out. 

CAUTION: Spring is under very high 
pressure. Place covering over spring 
to prevent possible injury. 

2. From the pump pocket 
• Pump guide rings (212) 



700-R4-40 AUTOMATIC TRANSMISSION 

• Pump vanes (215) 
• Pump rotor (214) 
• Pump guide (213) 
• Slide (206) 
• Slide Seal (211) 
• Seal Support (210) 
• Pivot slide pin (208) and spring (207) 
• Slide seal ring (204) and slide back up seal 

(205) 
3. Retainer (94), oil seal assembly (2) 

pry out with a screwdriver. 

7 OIL PUMP ASSEMBLY ~, ...,...-601 
601 THRUST WASHER ~ 

7 

JH0139-700R4 

Figure 93 Oil Pump Thrust Washer Location 

Oil Pump Cover 

F:3 Disassemble (Figure 95) 

1. Converter clutch apply valve train 
compress converter clutch apply valve 
spring (228) with a screwdriver. 
remove retaining ring (225). 
slowly release the spring tension. 
stop valve (226), converter clutch apply 
valve (227), and two converter clutch valve 
springs. 

2. Pressure relief ball (231) 
ball is under strong spring pressure. 
cover the ball with a cloth when removed. 

3. Pressure regulator assembly (218-224). 
follow the same procedure used to remove 
the converter· clutch valve. 

ll•I Inspect (Figure 95) 

• Pressure regulator valve assembly (218-224) and 
converter clutch apply valve assembly (225-229) 
for 

chips, burrs, distortion, plugged oil passage, 
and free movement in bore 
remove burrs with lapping compound 

• Pressure relief assembly (230-232) for damage or 
distortion 

• Pump cover (217) and pump body (203) for 
worn or damaged bushings (see Bushing 
Replacement Procedure) 
foreign material or debris 
porosity 
scored or irregular mating faces 

OIL PUMP ROTOR SELECTION CHART 

THICKNESS (mm) 

17.948 - 17.961 
17.961 - 17.974 
17.974 - 17.987 
17 .987 - 18.000 
18.000 - 18.013 

THICKNESS (in.) 

0.7066 - 0.7071 
0.7071 · 0.7076 
0.7076 - 0.7081 
0.7081 - 0.7086 
0. 7086 - 0. 7091 

OIL PUMP SLIDE SELECTION CHART 
.. . 

THICKNESS (mm) 

17.948 - 17.961 
17.961 - 17.974 
17.974 - 17.987 
1 7 .987 - 18.000 
18.000 - 18.013 

214 

206 SLIDE, PUMP 
214 ROTOR, OIL PUMP 

THICKNESS (in.) 

0.7066 - 0.7071 
0.7071 - 0.7076 
0.7076 - 0.7081 
0.7081 - 0.7086 
0.7086 - 0.7091 

JH0140-700R4 

Figure 94 Oil Pump Rotor and Slide Selection 

cross channel leaks 

ring groove damage 

• Rotor (214) and slide (206) for cracks 

• Oil seal assembly for damage or wear 

~ Clean 

• Wash and air dry all parts. 
do not wipe dry with a cloth. 

I@! Measure (Figure 94) 

TOOL REQUIRED: 
One inch Mircormeter 
• Oil pump rotor (214) thickness 
• Oil pump slide (206) thickness rn Important 

Measurement of rotor/slide must be made on 
undamaged surfaces. Select similar size replacements. 
Lightly hone both sides of replacement rotor or slide 
to remove any nicks or burrs. 
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AUTOMATIC TRANSMISSION 700-R4-41 

ILL. 
NO. DESCRIPTION 
002 SEAL ASSEMBLY, OIL 
003 BUSHING, PUMP BODY 
094 RETAINER, FRONT HELIX SEAL 
096 TUBE, AUXILIARY ACCUMULATOR VALVE 
203 BODY, PUMP 
204 RING, OIL SEAL (SLIDE TO 

WEAR PLATE) 
205 SEAL, "O" RING (SLIDE SEAL 

BACK-UP) 
206 SLIDE, PUMP 
207 SPRING, PIVOT PIN 
208 PIN, PIVOT SLIDE 
209 SPRING, PUMP SLIDE (OUTER) 
210 SUPPORT, PUMP SLIDE SEAL 
211 SEAL, PUMP SLIDE 
212 RING, PUMP VANE 
213 GUIDE, ROTOR 
214 ROTOR, OIL PUMP 
21 5 VANE, PUMP 
216 SHAFT, STATOR 
217 COVER, PUMP 
21 B VALVE, PRESSURE REGULATOR 
219 SPRING, PRESSURE REGULATOR 

VALVE 
220 VALVE, REVERSE BOOST 
221 SLEEVE, REVERSE BOOST VALVE 
222 VALVE, T.V. BOOST 
223 BUSHING, T.V. BOOST 
224 RING, OIL PUMP REVERSE BOOST 

VALVE RETAINING 
225 RING, OIL PUMP CONVERTER CLUTCH 

VALVE RETAINING 
226 VALVE, STOP 
227 VALVE, CONVERTER CLUTCH 
228 SPRING, CONVERTER CLUTCH 

VALVE (OUTER) 
229 SPRING, CONVERTER CLUTCH 

VALVE (INNER) 
230 RIVET, PRESSURE RELIEF B"OLT 
231 BALL, PRESSURE RELIEF 
232 SPRING, PRESSURE RELIEF 
·233 RING, OIL SEAL (STATOR SHAFT) 
234 SEAL, OIL PUMP COVER SCREEN 
235 SCREEN, OIL PUMP COVER 
236 BOLT, MS x 1.25 x 40 (COVER 

TO BODY) 
237 PLUG, OIL PUMP AIR BLEED 
238 PLUG, OIL PUMP COVER 
239 PLUG, OIL PUMP COOLER FEED 
240 PLUG, OIL PUMP CONVERTER 

CLUTCH SIGNAL 
242 SCREW, STATOR SHAFT (M6 x 

1 X 16.0) 
243 SPRING, PUMP SLIDE (INNER) 
244 RETAINER & BALL ASSEMBLY, 

(REVERSE CLUTCH) 
245 RETAINER & BALL ASSEMBLY, 

(OVERRUN CLUTCH) 

JH0141-700R4-R1 

Figure 95 Oil Pump Assembly 



700-R4-42 AUTOMATIC TRANSMISSION 

Pump Body 

1-+!3 Assemble (Figures 95, 96 and 97) 

TOOL REQUIRED: 
J-25016 Seal Installer 

1. "O" ring seal (205) and oil seal ring (204) into the 
groove on the back side of the slide 

retain with petrolatum. 
2. Pivot pin spring (207) and pivot pin (208) into the 

pump body 
3. Slide (206) 

index the notch in the slide with the pivot 
pin. 
the oil seal ring must face downward into 
the pump pocket. 

4. Slide seal (211) and support (210) 
5. Vane guide ring (212) 
6. Rotor guide (213) onto the rotor 

retain with petrolatum. 
7. Rotor (214) 

with guide toward the pump pocket. 
8. Vanes (215) 

9 . Vane guide ring (212) 
10. Pump slide spring (209) 
11. Oil seal assembly (2), retainer (94). 

use J-25016 

JH0142-700R4 

Figure 96 Oil Pump Seal 

Oil Pump Cover 

l-+:+-1 Assemble (Figures 95 and 98) 

1. Pressure relief ball (231), spring (232) and rivet 
(230) 

2. Inner (229) and outer (228) converter clutch 
valve springs into the converter clutch valve bore 

3. Converter clutch valve (227) 
4. Stop valve (226) 
5. Retaining ring (225) 
6. Pressure regulator valve (218) into the pressure 

regulator bore 
7. Pressure regulator valve spring (219) 
8. T.V. boost valve (222) into the T.V. bushing 

long land of the valve into the large hole of 
the bushing. 
retain with petrolatum. 

204 SLIDE BACK UP 
205 SEAL AND RING 
207 SPRING 

208 PIVOT PIN 
210 SUPPORT 
211 SLIDE SEAL 

JH0143-700R4 

Figure 97 Slide Back Up and Slide Seal 

9. Reverse boost valve (220) into the reverse boost 
valve sleeve 

small end of the valve first. 
retain with petrolatum. 

10. Reverse boost valve sleeve (221) into the pressure 
regulator bore 

11. T.V. boost valve sleeve (223) into the pressure 
regulator bore 

12. Retainer ring (224) 

Oil Pump Cover and Body 

1-+!+-l Assemble (Figures 95, 99, 100 and 1011 

TOOLS REQUIRED: 
J-21368 Oil Pump Body and Cover 
Alignment Band 

1. Oil pump cover (217) onto oil pump body 
stator shaft through a bench hole. 

2. Pump cover bolts (236) 
leave finger tight. 

3. Align pump cover and pump body with J-21368. 
place a screwdriver through a bolt hole and 
into a hole in the bench. 

4. Torque attaching bolts to 22 N·m (18 lbs.-ft.) 
5. Pump to case gasket (9) onto case 

retain with petrolatum. 
6. Oil seal rings (233), if removed previously, onto 

the pump cover hub 
retain with petrolatum. 

7. Pump to case oil seal (8) 



219~ ~228 
220~ 

221'-iJ 
222~ 
223'i:l 
224"" 

./226 

--=---
~225 

-=-=-

ILL. 
NO. DESCRIPTION 

218 VALVE, PRESSURE REGULATOR 

219 SPRING, PRESSURE REGULATOR VALVE 

220 VALVE, REVERSE BOOST 

221 SLEEVE, REVERSE BOOST VALVE 

222 VALVE, T.V. BOOST 

223 BUSHING, T.V. BOOST 

224 RING, OIL PUMP REVERSE BOOST VALVE 
RETAINING 

225 RING, OIL PUMP CONVERTER CLUTCH 
VALVE RETAINING 

226 STOP VALVE 

227 VALVE, CONVERTER CLUTCH 

228 SPRING, CONVERTER CLUTCH VALVE 
(OUTER) 

229 SPRING, CONVERTER CLUTC!:-1 VALVE 
(INNER) 

JH0144-700R4 

Figure 98 Pressure Regulator and Convener Clutch 
Apply Valve Trains 

AUTOMATIC TRANSMISSION 700-R4-43 

do not twist the seal. 
lubricate with transmission fluid. 

8. Thrust washer (601) 

J 21368 

JH014S.700R4 

Figure 99 Assembly of Oil Pump 

233 RING, OIL SEAT 
(STATOR SHAFT) 

J H0148-700R4 

Figure 100 Oil Pump Hub Seal Rings 

7 OILPUMPASSEMBLY ~. 601 
601 THRUSTWASHER ~ 

1 

J HO 139-700R4 

Figure 101 Oil Pump Thrust Washer 

EJ Install or Connect (Figure 102) 

TOOLS REQUIRED: 
J-25025-1 Alignment Pins 

1. J-25025-1 into the case as shown 
2. Oil pump assembly into the case 

align all holes properly. 
3. Bolts and a-rings (5 and 6) 

torque to 22 N ·m (18 lbs.-ft.) 

[I] Important 

Rotate the transm1ss1on to a horizontal 
position. If the transmission is assembled 
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JH0147-700R4 

Figure 102 Oil Pump and Case 

properly the turbine shaft should turn by 
hand. If not identify and correct the 
misassembly now. 

Transmission End Play Check 

!@! Measure (Figures 103, 104, 105, 106) 

TOOLS REQUIRED: 
J-24773-A End Play Checking Fixture 
J-25022 End Play Checking Fixture 
Adaptor (245 mm) 
J-34725 End Play Checking Fixture 
Adaptor (298 mm) 
278 mm (11 in.) Bolt and Nut or 
J-25025-7A Post 
Dial Indicator 

1. Remove an oil pump to case bolt and install a 278 
mm (11 in.) bolt and lock nut or J-25025-7A. 

2. Install J-25022-A or J-34725 as shown. 
3. Install J-24773-A as shown. 
4. Install a dial indicator. 

set- to zero. 
5. Pull up on J-24773-A. 

End play should be 0.13 - 0.92 mm (.005 -
.036 in.). 
The selective washer which controls end 
play is located between the input housing 
and the thrust bearing on the oil pump hub. 
If more or l~s end play is required, select 
the proper washer from the chart and 
install. If dial indicator shows no end play, 
the selective washer and thrust bearing have 
been misassembled. 

1-+;+l Assemble (Figure 107) 

1. "O" ring seal (618) into the groove in the end of 
the turbine shaft. 

IT] Important (Figure 108) 

• There should be clearance between the reverse 
input clutch and the reaction sun gear shell. This 
clearance can be observed at the point shown in 
Figure 108. Do not try to shim the internal parts 
because of this clearance. 

A 298mm TURBINE SHAFT 
B 245mm TURBINE SHAFT 

JH0070-700R4 

Figure 103 End Play Tool 

A DIAL INDICATOR 
B 278mm (11 "J BOLT 
C LOCK NUT 

.......w-_.....C 

24773-A , 

~ u 
JH0073-700R4-R1 

Figure 104 J-25022-A Installed 

IL'l'I Inspect (Figure 110, 111 and 112) 

• The 1-2 accumulator cover and pin assembly (62) 
for 

porosity or damage 
scored piston wall 
plugged oil passage 

• 1-2 accumulator piston (61) and the 3-4 
accumulator piston (52) for 

porosity 
ring groove damage 
pin hole damage 



• 
• 
• 
• 
• 
• 

• 

TRANSMISSION END PLAY 
WASHER SELECTION CHART 
WASHER THICKNESS I.D. 

1.87 -1.97 mm (.074" - .078") 67 
2.04 - 2.14 mm (.080" - .084") 68 
2.21 - 2.31 mm (.087" - .091 ") 69 
2.38 - 2.48 mm (.094" - .098") 70 
2.55 - 2.65 mm (. 100" - . 1 04") 71 
2.72 - 2.82 mm (.107" - .111") 72 
2.89 - 2.99 mm (.113" - .118") 73 
3.06 - 3. 16 mm (.120" - .124") 74 

JH0148-700R4 

IU. 

Figure 105 End Play Chart 

CORRECTLY 
INSTALLED 

NO. DESCRIPTION 
615 BEARING ASSEMBLY, STATOR SHAFT/ 

SELECTIVE WASHER 
616 WASHER, THRUST (SELECTIVE) 
621 HOUSING & SHAFT ASSEMBLY, INP.UT 

JH0136-700R4-R1 

Figure 106 Selective Washer and Thrust Bearing 
Properly Installed 

1-2 accumulator spring (59) and 3-4 accumulator 
spring (54) for dis_tortion or damage 
Spacer plate (56) and gaskets (88 and 89) for 
damage 
Checkballs (55) for damage 
T.V. Link (64) for damage 
Manual detent spring (709) for damage 
Oil filter (71) for 

cut or damaged filter seal (70) 
cracks in the neck or body 
casting flash in the neck 

Solenoid assembly (50) for 
damage 
cut or pinched wires 
damaged connectors 
cut or damaged ''O" ring (49) 

AUTOMATIC TRANSMISSION 700-R4-45 

• • 
USED WITH USED WITH 

298 MM CONVERTER 245 MM CONVERTER 

A 
618 

SHAFT, TURBINE 
SEAL, "O" RING (TURBINE SHAFTi 
SELECTIVE WASHER) 

621 HOUSING & SHAFT 
ASSEMBLY, INPUT 

JH0109-700R4 

Figure 107 Turbine Shaft ·o· Ring Seal 

A AS INSTALLED THESE TWO PARTS HAVE A 
NORMAL END CLEARANCE OF APPROX. 
3.8 MM (.150 IN) 

10 CASE, TRANSMISSION 
606 HOUSING & DAUM ASSEMBLY, REVERSE 

INPUT CLUTCH 
670 SHELL, REACTION SUN 

JH0149-700R4 

Figure 108 Clearance Between Reverse· Input Clutch 
and the Sun Gear Shell 

Valve Body and Associated Parts 

!·H·l lnstall or Connect (Figure 113 and 114) 

1. The 3-4 accumulator pin (77) into the case 
2. The 3-4 accumulator piston seal (53) onto the 3-4 

accumulator piston 
3. The 3-4 accumulator piston (52) onto the pin 

the end with three legs must face the valve 
body. 

4. The 3-4 accumulator piston spring (54) 

1-u•I Install or Connect (Figures 112) 

TOOLS REQUIRED: 
J-25025-5 Guide Pins 

I. Governor and converter clutch oil screens (47) 
2. Four checkballs (55) into the case as shown 

retain with petrolatum. 
3. J-25025-5 into the case 
4. Spacer plate to case gasket (88) 

gasket identified by a "C" 
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64 THROTTLE LINK 
65 LEVER & BRACKET ASSEMBLY, THROTTLE 
91 BALL, CARBON STEEL -T.V. EXHAUST 

(LOCATED IN VALVE BODY) 

JH0150.700R4 

Figure 109 Throttle Lever and Bracket Assembly 

62 

61--9 

60-0 

LARGE END~ 
INSTALLED-5~·· 
IN PISTON I 

ILL. • ,.,;.'~J?~ ; · -
NO. DESCRIPTION 
62 PISTON, 3-4 ACCUMULATOR 
53 RING, Oil SEAL (3-4 ACCUMULATOR PISTON) 
54 SPRING, 3-4 ACCUMULATOR 
56 PLATE, VALVE BODY SPACER 
59 SPRING, 1-2 ACCUMULATOR (CONICAL) 
60 RING, OIL SEAL (1-2 ACCUM. PISTON) 
61 PISTON, 1-2 ACCUMULATOR 
62 COVER & PIN ASSEMBLY, 1-2 ACCUM. 
63 BOLT, ACCUMULATOR COVER 
77 PIN, ACCUMULATOR PISTON 
88 GASKET, SPACER PLATE TO CASE 
89 GASKET, SPACER PLATE TO VALVE BODY 

JH0063-700R4 

Figure 110 1-2 and 3-4 Accumulator Assembly 

19B9 1-2 ACCUMULATOR 3-C ACCUMULATOR 
MODELS SPRING COLOR SPRING COLOR 

MHM. MPM, MWM, MZM. PAM. ORANGE VIOLET 
PBM. PCM, TNM, TUM, TXM 

fMM,MAM,MFM,MRM,MXM ORANGE DK. GREEN 

MOM, MKM, MLM, TJM, TKM ORANGE RED 

FKM, FXM, YDM, YMM, YUM YELlOW YELLOW 

MCM, PRM. YPM YELlOW RED 

THM, TLM DK. GREEN IJ. BlUE 

YTM. YZM YELlOW VIOLET 

HBM VIOLET YELlOW 

HDM DK. GREEN DK. GREEN 

YNM DK. GREEN YELlDW 

YXM DK. GREEN DK. GREEN 

JH0151-700R4-R1 

Figure 111 1-2 and 3-4 Accumulator Spring Chart 

5. Spacer plate (56) 
6. Valve body to spacer plate gasket (89) 

gasket indentified by a "V" 

Control Valve Assembly 

~ Clean 

Control valve assembly (67) thoroughly in clean 
solvent-move the valves with a pick or small 
screwdriver to dislodge any dirt or debris that 
may have accumulated 

• Air Dry 

F!3 Disassemble (Figures 113 & 1141 

• Control Valve Assembly 
Position as shown on a clean surface 

- Remove valve trains beginning with the 
upper left hand comer. NOTE : Some 
valves are under pressure - cover the bores 
while removing the roll pins 

- Remove blind hole roll pins with a modified 
drill bit 

- Valves, springs and bushings must be laid 
out on a clean surface in the exact sequence 
they are removed 
Remove pressure switches 

~ Clean 

• All valves, springs, bushings and control valve 
body in clean solvent 

• Dry using compressed air 

!L•! Inspect 
• All Valves and Bushings For: 

Porosity 
Scoring 

- Nicks 
- Scratches 

• Springs for Damaged or Distorted Coils 
• Valve Body Casting For: 



- Porosity 
Cracks 

- Interconnected Oil Passages 
- Damaged Machined Surfaces 

F!+I Assemble (Figures 113, 114) 

• Control valve assembly (67) exactly as shown. 
Notice the position of the valve lands and bushing 
passages. 

I-++! Install or Connect (Figures 115, 117) 

1. Three checkballs (55A), (55C) and (91) into the 
valve body assembly. Checkball (91) is the larger 
copper colored ball shown as # 10 on Figure 115. 

retain with petrolatum. 
2. Valve body assembly (67) 

connect the manual valve link (705) to the 
inside detent lever (703). 

Auxiliary Accumulator Valve Body Assembly 

~ Clean (Figure 116) 

• Auxiliary valve assembly (377) thoroughly in 
clean solvent 

move the valves with a pick or small 
screwdriver to dislodge any dirt or debris 
that may have accumulated 

• Air dry 

Ft3 Disassemble (Figure 116) 

1. (3) Bolts (373) 
Cover (371) is under spring pressure 

2. Cover (371) and accumulator piston spring (370) 
3. Piston (367) 
4. Piston oil seal ring (53) 

F!3 Disassemble (Figure 116) 

• Position the auxiliary accumulator valve body on 
a clean surface. Remove valve trains beginning 
with the lower left hand corner. NOTE; valves 
are under pressure-cover bores while removing 
the roll pin. 

• Valves and springs must be laid out on a clean 
surface in the exact sequence as they are remvoed 

~ Clean 

• All valves and springs in clean solvent 
• Air dry 

IL•! inspect 
• Piston (367) for: 

cracks 
porosity 
damage 

• Valves for: 
scoring 
nicks 
scratches 

• Springs for damaged or distorted coils 

AUTOMATIC TRANSMISSION 700-R4-47 

• Auxiliary valve body (377) for: · 
porosity 

- · damaged machined surfaces 
• Orifice cup plug (359) 

remove only if damaged 

l+-+I Remove or Disconnect 

Tools Required 
# 3 Screw Extractor 

• Orific~ cup plug (359). Use modified #3 screw 
extractor. 

I-++! Install or Connect 

Tools Required 
9.5 mm (3/8") Rod 

• Orifice cup plug (359). Use 9.5 mm (3/8'') rod. 
seat flush 

F!+I Assemble (Figure 116) 

• Auxiliary accumulator valve train exactly as 
shown. Notice the valve lands 

l-+!+-1 Assemble (Figure 116) 

1. Piston oil seal ring (369) onto piston (367) 
lubricate with petrolatum 

2. Piston (367) 
3. Accumulator spring (370) 
4. Cover (371) and (3) bolts (373) 

1-++I Install or Connect (Figures 116, 119 and 120) 

l. Check ball (55B) into auxiliary accumulator 
valve body (377) as shown in Figure 115. 

do not block orifice cup plug 
retain with petrolatum 

2. Auxiliary valve body (377) 
3. Bolts (374) and (375) finger tight 
4. Auxiliary accumulator valve tube (96) 
5. Bolt (376) with tube clamp (97) 

torque bolts to 11 N • m (8 lbs.-ft.) 

IL•! Inspect (Figure 109) 

• The throttle lever and bracket assembly ( 65) for 
sticking, binding or damage 

• Make sure it operates freely without restrictions 
• Replace if necessary 

j-++l Install or Connect (Figures 118, 119 and 120) 

I. T.V. link (64) onto the T.V. lever and bracket as 
shown 

2. T.V. lever and bracket assembly (65) onto the 
valve body as shown 

attach with two valve body to case bolts 
(69). 

3. Wire harness clips (66), manual spring asse~!'ly 
(68), wire retaining washer, and all remammg 
valve body to case bolts (69) 

Torque to 11.0 N · m (8 lbs.-ft.). 
4. "O"ring seal (34) onto the electrical connector 

(33) 
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0 

0 

0 

ILL. 
NO. DESCRIPTION 

47A GOVERNOR FILTER LOCATION 
478 CONVERTER CLUTCH FILTER LOCATION 
65E #4 CHECK BALL (3-4 CLUTCH/3-2 EX.) 
66F #8 CHECK BALL (2ND/1 -2) 
65G #1 CHECK BALL (4TH ACCUMULATOR) 
56H #3 CHECK BALL (PART THROTTLE/DRIVE 31 
106 RETAINER & BALL ASM. (DOUBLE ORIFICE) 

JH0069-700R4-R2 

Figure 112 Case Checkballs and Oil Screens - Location 

lubricate with transmission fluid. 
S. Electrical connector (33) into the case 
6. "O" ring seal (49) an the solenoid assembly (SO) 
7. Solenoid assembly (SO) into the case 

attach with two solenoid bolts (SI) 
torque to 11 N · m (8 lbs.-ft.) 
to correctly route and hook up the wires see 
the wiring diagrams in the 700-R4 diagnosis 
section. 
The wire connectors are color coded to 
correspond to the information in the wiring 
diagram. On switches which take two 
connectors, the terminals are reversible. It 
will be necessary to identify and use the 
wiring diagram chart which corresponds to 
the model you are working on. (See the 
Diagnosis Section for the wiring diagrams.) 

E3 Install or Connect (Figure 118, and 119) 

1. Parking bracket (710) 
torque to 22 N ·m (18 lbs.-ft.) 

2; The 1-2 accumulator piston seal (60) onto the 1-2 
accumulator piston (61) 

3. The 1-2 accumulator piston (61) into the 1-2 
accumulator cover and pin assembly (62) 

the three legs on the piston must face up 
toward the case when installed. 

4. The 1-2 accumulator spring (59) onto the piston 
5. The 1-2 accumulator cover and pin assembly (62) 

onto the case 
torque to 11 N · m (8 lbs.-ft.) 

I++! Install or Connect (Figure 121) 

1. filter seal (70) onto. the oil filter 
lubricate with transmission fluid. 

2. Oil filter (71) 
3. Oil pan gasket (72) 
4. Chip magnet (93) into oil pan (73) 
5. Oil pan (73) and bolts (74) 

torque to 16 N ·m (12 lbs.-ft.) 

2-4 Servo Assembly 

l~I Measure (Figure 122) 

TOOLS REQUIRED: 
J-33037 Band Apply Pin Tool 

1. Install J-33037 as shown with apply pin (29). 
2. Install Servo Cover Retaining Ring (13) to secure 

tool. 
3. Apply 11.0 N · m (100 lbs.-in.) torque. 
4. If white line "A" appears in the gage slot "B'', pin 

length is correct. 
5. Use pin selection chart to determine the correct 

pin length if new pin is needed. 

IL'l'I Inspect 

• Pistons for 
porosity or damage 
ring groove damage 

• Cover (15) for porosity or damage 
• Seals for 

nicks or cuts 
freeness in the seal groove 

• Springs for distortion 
• Pin for wear or burrs rn Important 

Check servo bore in the case for any wear which 
may cut the servo seals. 

l@I Measure (Figure 123) 

TOOLS REQUIRED: 
Vernier Calipers 
Scale 

1. Measure Piston (25) Dimension * A 
2. Measure housing (22) Dimension **B 
3. Check Model Application 

l·❖·I Assemble (Figures 124, 125, 126 and 127) 

TOOLS REQUIRED: 
J-22269-01 
J-29714 

1. Cushion spring (26) into the 2nd apply piston 
(25) 

2. Cushion spring retainer (27) on the cushion 
spring 

3. Install J-22269-01. 
compress the retainer past the snap ring 
groove in the 2nd apply piston. 
install the retainer ring (28). 
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ILL. 
NO. DESCRIPTION 
301 VALVE, T.V. MODULATOR DOWNSHIFT 
302 SPRING, T.V. MODULATOR DOWNSHIFT VALVE 
303 VALVE, T.V. MODULATOR UPSHIFT 
304 SPRING, T. V. MODULATOR UPSHIFT VALVE 
309 SLEEVE, 3-4 THROTTLE VALVE 
310 SPRING, 3-4 THROTTLE VALVE 
311 VALVE, 3-4 THROTTLE 
312 VALVE, 3-4 SHIFT 
313 SLEEVE, 2-3 THROTTLE VALVE 
314 SPRING, 2-3 THROTTLE VALVE 
315 VALVE, 2-3 THROTTLE 
316 VALVE, 2-3 SHIFT 
317 SLEEVE, 1-2 THROTTLE VALVE 
318 SPRING, 1-2 THROTTLE VALVE 
319 VALVE, 1-2 THROTTLE 
322 VALVE, 1-2 SHIFT 
323 SLEEVE, THROTTLE VALVE PLUNGER 
324 PLUNGER, THROTTLE VALVE 
325 SPRING, THROTTLE VALVE 
326 VALVE, THROTTLE 
328 VALVE, 3-4 RELAY 
329 VALVE, 4-3 SEQUENCE 
330 SPRING, 4-3 SEQUENCE VALVE 
331 SPRING, T.V. LIMIT VALVE 
332 VALVE, T. V. LIMIT 
333 VALVE, 1-2 ACCUMULATOR 
334 SLEEVE, 1-2 ACCUMULATOR VALVE 
336 SPRING, 1-2 ACCUMULATOR VALVE 
336 VALVE, LINE BIAS 
337 SPRING, LINE BIAS VALVE 
338 SPRING, 3-2 CONTROL . 
339 VALVE, 3-2 CONTROL 
340 VALVE, MANUAL 
341 PIN, COILED SPRING 
342 PIN, COILED SPRING 
343 RETAINER. SPRING (SLEEVE) 
344 PLUG, VALVE BORE 
345 PLUG, CUP (.33 DIA.) 
346 SWITCH ASM., PRESSURE (3RD CLUTCH) 
34 7 SWITCH ASM., PRESSURE 14-3 PULSE) 
348 SWITCH ASM., PRESSURE (4TH CLUTCH) 
349 SWITCH ASM., PRESSURE (T.C.C. SIGNAL) 
350 BODY, CONTROL VALVE 
351 PLUG, T.V. LIMIT 
352 PLUG, VALVE BORE (12.6 • O.D.l 
354 PLUG, CONVERTER CLUTCH SHIFT VALVE BORE 
355 PLUG, CONVERTER CLUTCH T.V. BUSHING BORE 

JH0153-700R4--R1 

Figure 114 Control Valve Assembly-Legend 

JHOOtl8-700R4 

Figure 115 Valve Body Checkball Locations 

4. The 2nd apply piston (25) onto the apply pin (29) 
retainer goes toward the shoulder of the pin. 

5. Servo apply pin spring (20) on the pin 
6. Servo apply pin washer (19) and retaining clip 

(18) 
7. Inner (23) and outer (24) seals on the 2nd apply 

piston 
retain with petrolatum. 

8. "0" ring seal (21) on servo piston housing 
9. Servo piston inner housing (22) on the 2nd apply 

piston 
10. Seal ring (17) onto the 4th apply piston 
11. The 4th apply piston ( 16) onto the apply pin 
12. Return spring (31) on the pin 
13. Servo piston assembly into the servo bore 
14. "O" ring seal (14) on the servo cover 

lubricate the seal with transmission fluid. 
15. Servo cover (15) into the servo bore 
16. Install J-29714. 

compress the servo cover. 
install the retainer ring (13) 

Governor Assembly 

!L•l 1nspect (Figure 128) 

• Valve for free operation 
• Weights for free operation 
• Springs - missing or distorted 
• Sleeve for nicks, burrs, scored or galled 
• Driven gear for damage 
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55 ~ 365 
366 • r 364 #12 CHECKBALL 

363 

362 

55 #12 CHECKBALL 
359 PLUG, CUP (ORIFICE) 
360 VALVE, ABUSE 
361 SPRING, ABUSE VALVE 
362 STOP, ABUSE VALVE 
363 PIN, SPRING 
364 VALVE, LO OVERRUN CLUTCH 

377 359 

365 SPRING, LO OVERRUN CLUTCH VALVE 
366 PIN, SPRING VALVE RETAINING 
367 PISTON, ACCUMULATOR 
369 RING, OIL SEAL ACCUMULATOR PISTON 
370 SPRING, ACCUMULATOR PISTON 
371 COVER, AUXILIARY ACCUMULATOR VALVE 

376 

373 

373 BOLT, SPEC. HEX WASHE~ HEA~ 
(M6 X 1 X 24) 

374 BOLT, SPEC. HEX WASHER· HEAD 
(M6 X 1 X 16) 

375 BOLT, HEX HEAD (M6 X 1 X 40) 
376 BOLT, HEX HEAD (M6 X 1 X 45) 
377 AUXILIARY ACCUM. VALVE BODY ASM. 

Figure 116 Auxiliary Valve Body Assembly 

340 
703 
705 
709 

,-.. 
MANUAL VALVE 
INNER OETENT LEVER 
MANUAL VALVE LINK 
MANUAL DETENT 
SPRING ASSEMBLY 

JH0066-700R4 

Figure 1 17 Manual Valve Link 

F!•! Disassemble 

DO NOT DISASSEMBLE EXCEPT, FOR 
CLEANING OR PART REPLACEMENT. 

1. Cut off one end of each governor weight pin. 
2. Pins (84) 
3. Weights 
4. Valve 
5. Driven gear (83) 

Drive out the retainer pin (82) with a small 
punch. 

64 LINK, TH ROTT.LE LEVER TO CABLE 
65 LEVER & BRACKET ASSEMBLY, THROTTLE 
69 BOLTS, CONTROL VALVE 

ASSEMBLY JH0086-700R4 

Figure 118 T.V. Lever and Bracket 

~ Clean 

Support the governor assembly sleeve on 
plates installed in the exhaust slots. Push 
out the gear with an arbor press and a long 
punch. 

• Wash all parts in solvent. 

• Air dry and blow out passages. 

!-+:~! Assemble 

1. Install a new governor driven gear. 
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97 

~.:J:t-i~11h!--376 

51 

69 

A WASHER WIRE RETAINER 
50 SOLENOID ASSEMBLY 
51 BOLT, HEX WASHER HEAD (SOLENOID) 
63 BOLT, ACCUMULATOR COVER 
66 CLIP, ELECTRICAL WIRE 
69 BOLT, VALVE BODY 
75 BOLT, MANUAL DETENT SPRING 
92 CONDUIT, SOLENOID WIRE 
97 CLAMP, AUXILIARY TUBE 

374 BOLT, SPEC. HEX WASHER HEAD 
(M6 X 1 X 18) 

375 BOLT, HEX HEAD IM6 X 1 X 35) 
376 BOLT, HEX HEAD (M6 X 1 X 45) 

375 

JH0084-700R4-R 1 

Figure 119 Valve Body Bolt Locations 

ILL. 
NO. DESCRIPTION 

A WASHER, WIRE RETAINING 
33 CONNECTOR, ELECTRICAL 
96 TUBE, AUXILIARY ACCUMULATOR VALVE 
97 CLAMP, AUXILIARY TUBE 

374 BOLT, SPECIAL HEX HEAD (MS X 1 X 16) 
375. BOLT, HEX HEAD (M6 X 1 X 35) 
376 BOLT, HEX HEAD (M6 X 1 X 45) 
377 AUXILIARY ACCUM. VALVE BODY ASM. 
710 BRACKET, PARKING LOCK 
715 BOLT, PARKING LOCK BRACKET 

JH0067-700R4-R1 

Figure 120 Outside Electrical Connector 

~71 

~70 

ILL. 
NO. DESCRIPTION 
10 CASE, TRANSMISSION 
70 SEAL, FILTER 
71 FILTER ASSEMBLY, TRANSMISSION OIL 
72 GASKET, TRANSMISSION OIL PAN 
73 PAN, TRANSMISSION OIL 
74 SCREW, SPEC. HEX WASHER HEAD (PAN) 
93 MAGNET, CHIP COLLECTOR 

JH0155-700R4-R1 

Figure 121 Case, Pan and Filter Assembly 

A. WHITE LINE 
B. GAGE SLOT v· 

PIN IS PRESET AT FACTORY AND MUST NOT BE 

READJUSTED 

2-4 SERVO PIN SELECTION 

PIN LENGTH PIN 1.0, 

mm INCH 

66.37-66.67 2,61-2.62 2 RINGS 

67 .74-68.04 2.67-2.68 3 RINGS 

69.11-69.41 2.72-2.73 WIDE BAND 

JH0080-700R4 

Figure 122 Servo Pin Length 



21D APPLY PISTON & HOUSING APPLICATION 

PISTOi 
MODEL DIMENSIOI 

•A 

YOM 44.64 mm 
{1.78"1 

FKM, FXM, MFM, MPM, MWM, MZM, 57.85 mm PAM, PBM, PCM, TNM, TUM, TXM, 
YMM, YUM, YZM (2.28") 

FMM, HBM, HOM, MAM, MCM. MOM, MFM, 63.10 mm MKM, MLM, MRM, MTM. MXM, PRM, THM. 
T JM, TKM, TLM. YNM, YPM, YTM, YXM (2.48") 

25 22 

22 HOUSING, SERVO PISTON (INNER) 
25 PISTON, 2ND APPLY 

HOUSING 
DIMENSION 

.. a 
45.54 mm 

(1.79"1 

58.74 mm 
(2.31"1 

64.00 mm 
12.52") 

JH0158-7 R4-R1 

Figure 123 2nd Apply Piston and Housing 
Measurement 

support the governor or plates through the 
exhaust slots. 
press gear (83) into the sleeve until seated. 
drill a new r~taining pin hole in the sleeve 
ninety degrees from the existing hole. Use a 
3.1 mm (1/8 in.) drill. 
Install retainer pin (82) and stake. 

2. Valve into the sleeve 
3. Weights, springs, and thrust cap onto the 

governor assembly 
4. Retaining pins (84) into the thrust cap (85) and 

governor assembly 
5. ._Stake the retaining pins (84). 
6. Check for free operation of the valve and weights. 

E3 Install or Connect (Figures 128, 129) 

1. Governor assembly (45) into the governor bore 
2. Governor Cover ( 46) 

apply sealant, such as loctite cup plug 
sealant # 11 or equivalent to cover flange 
before installation. 

AUTOMATIC TRANSMISSION 700-R4-53 

ILL. 
NO. DESCRIPTION, 
13 RING, SERVO COVER RETAINING 
14 SEAL, "O" RING (2-4 SERVO COVER) 
15 COVER, 2-4 SERVO 
16 PISTON, 4TH APPLY 
17 RING, OIL SEAL (4TH APPLY PISTON) 

(OUTER) 
18 RING, RETAINER (APPLY PIN) 
19 WASHER, SERVO APPLY PIN 
20 SPRING, SERVO APPLY PIN 
21 SEAL, "O" RING 
22 HOUSING, SERVO PISTON (INNER) 
23 RING, OIL SEAL (2ND APPLY PISTON) 

(INNER) 
24 RING, OIL SEAL (2ND APPLY PISTON) 

(OUTER) 
25 PISTON. 2ND APPLY 
26 SPRING, SERVO CUSHION 
27 RETAINER, SERVO CUSHION SPRING 
28 RING, RETAINER (2ND APPLY PISTON) 
29 PIN, 2ND APPLY PISTON 
31 SPRING, SERVO RETURN 

JH 068-700R4 

Figure 1 24 2-4 Servo Assembly 



7O0.R4-54 AUTOMATIC TRANSMISSION 

25 SECOND APPLY PISTON ASM. 
JH0059--700R4 

Figure 125 2nd Servo Piston - Assembly 

E3 Install or Connect (Figures 130 thru 135) 

MECHANICAL SPEEDOMETER 
TOOLS REQUIRED: 

J-23103 or J-25016 Seal Installer 
J-21426 Seal Installer 

1. Speedometer drive gear (689) and clip (688) 
if the output shaft has two speedometer 
locating holes, use the hole nearest the yoke 
spline for Corvette vehicles orily. 

2. "O" ring seal (691) on the output shaft sleeve 
3. Output shaft sleeve (690) on the output shaft 

use J-25016 or J-23103. 
do not push the sleeve past the machined 
surface on the output shaft. 

4. Seal ring (35) on the case extension 
5. Case extension (36) and bolts (37) or, stud (100) 

and nut (98) 
position extension so the speedometer bore 
is on the governor side of the case. 
torque to 35 N · m (26 lbs.-ft.) 

6. Remove case extension oil seal (39) 
pry out with a screwdriver 
install new seal with J-21426 

7. Speedometer driven gear (44) and assembly (43) 
or speed sensor (99) 

8. Retainer (40) bolt and washer (41) 
9. Outside electrical connector, manual lever and 

nut · 

Torque Converter Assembly 

!L•J Inspect 
The torque converter assembly (1) must be 
replaced for any of the following conditions: 

• Evidence of damage to the pump assembly 
• Metal particles are found after flushing the cooler 

and cooler pipes · 
• External leaks in hub weld area 
• Converter pilot is broken, damaged or poor fit 

into crankshaft 
• Converter hub is scored or damaged 
• Internal damage to stator 
• Contamination from engine coolant 
• Excess end play 

13 

17 

24 

A 

ILL. 
NO. DESCRIPTION 

A CASE SERVO BORE 
13 RING, SERVO COVER RETAINING 
14 SEAL, "O" RING (2-4 SERVO COVER) 
15 COVER, 2-4 SERVO 
16 PISTON, 4TH APPLY 
17 RING, OIL SEAL (4TH APPLY PISTON) 

(OUTER) 
18-30 2ND APPLY PISTON ASSEMBLY 

21 SEAL, "O" RING 
24 RING, OIL SEAL (2ND APPLY PISTON) 

(OUTER) 
31 SPRING, SERVO RETURN 

JH0057-700R4 

Figure 126 2-4 Servo Bore 



15 2-4 SERVO COVER 

JH0068-700R4 

Figure 127 Servo Cover - Installed 

85 84 107 108 109 110 112 82 83 

~ 
~ ~111 

108_..... ~ ~ 
l09_..$J__J 

GOVERNOR ASSEMBLY 

82 PIN, GOVERNOR GEAR RETAINER 
83 GEAR, GOVERNOR DRIVEN 
84 PIN, GOVERNOR WEIGHT 
86 CAP, GOVERNOR THRUST 

107 VALVE, GOVERNOR 
108 WEIGHT. GOVERNOR SECONDARY 
109 WEIGHT, GOVERNOR PRIMARY 
110 SPRING, GOVERNOR WEIGHT PRIMARY 
1 11 SPRING, GOVERNOR WEIGHT SECONDARY 
112 SLEEVE & CARRI.ER ASSEMBLY 

JH0157-700R4-R 1 

Figure 128 Governor Assembly 

!@! Measure (Figure 138) 

Tool Required: 
J-35138 Torque Converter End Play 
Checking Tool 

• Install J-35138 and measure end play 
Omm·- .5mm (.000" -.020") for 245mm 
Torque Converters 
0mm - .6mm (.000" -.024 ") for 298mm 
Torque Converters 

AUTO MA TIC TRANSMISSION· .700:R4-55 

.., 

. ~, ~~ 0 

--=: 

l. 

I !:l 
~ ' \ 

~ 

A APPLY SEALANT ON THIS FLANGE BEFORE 
INSTALLATION 

10 CASE, TRANSMISSION 
45 GOVERNOR ASSEMBLY 
46 COVEA,GOVERNOA 

If: 

JH0158-700R4 

Figure 1 29 Governor Cover 

The Torque Converter Should Not Be Replaced 

• The fluid has an odor, discolored or no 
evidence of metal or clutch plate material 

Drain out as much fluid as possible 
Replace the oil filter and pan gasket 
Fill to proper level (Refer to Section 
7A) 

• The converter bolt hole threads are damaged 
Correct with thread insert (Refer to Section 
6A) 

Flushing the torque converter is not 
recommended. 

E3 Install or Connect 

1. Torque converter (1) 
2. J-21366 converter holding strap 
3. Remove transmission from holding fixture 

687 

A SPEEDO CLIP HOLE FOR CORVETTE ONLY 
8 SPEEDO CLIP HOLE FOR ALL OTHER 

VEHICLES 
687 SHAFT. OUTPUT 

JH0159-700R4 

Figure 130 Speedometer Clip Holes 



700.R4-56 AUTOMATIC TRANSMISSION 

687 SHAFT, OUTPUT 
688 CLIP, SPEEDO DRIVE GEAR 
689 GEAR, SPEEDO DRIVE 

JH0180.700R4 

Figure 131 Speedometer Gear 

690 SLEEVE, OUTPUT SHAFT 
691 SEAL. OUTPUT SHAFT 

JH0162-700R4 

Figure 133 Output Shaft Sleeve and Seal 

35 SEAL, CASE EXTENSION TO CASE 
36 EXTENSION, CASE 
37 BOLTS, CASE EXTENSION JH0184-700R4 

Figure 135 Case Extension and Seal 

688 CLIP, SPEEDO DRIVE GEAR 
689 GEAR, SPEEDO DRIVE 

JH0181-700R4 

Figure 132 Speedometer Gear - Installation 

JH0183-700R4 

Figure 134 Output Shaft Sleeve - Installation 



IU. 
NO. DESCRIPTION 

10 CASE, TRANSMISSION 
35 SEAL, CASE EXTENSION TO CASE 
36 EXTENSION. CASE 
37 BOLT, CASE EXTENSION TO CASE 
39 SEAL ASSEMBLY, CASE EXTENSION OIL 
40 RETAINER, SPEEDO DRIVEN GEAR FITTING 
41 BOLT & WASHER ASSEMBLY 
42 SEAL, "O" RING (SPEEDO FITTING TO 

CASE EXTENSION) 
43 FITTING ASSEMBLY, SPEEDO DRIVEN GEAR 
44 GEAR. SPEEDO DRIVEN 
45 GOVERNOR ASSEMBLY 
46 COVER.GOVERNOR 
99 SPEED SENSOR, INTERNAL TRANSMISSION 

100 BOLT, SPEEDO SENSOR RETAINING 
687 SHAF~ OUTPUT 
688 CLIP, SPEEDO DRIVE GEAR 
689 GEAR, SPEEDO DRIVE 
690 SLEEVE, OUTPUT SHAFT NOT USED ON 
691 SEAL, OUTPUT SHAFT ALL MODELS 

JH00&1-700R4-R1 

Figure 136 Case Extension and Associated Parts 

AUTOMATIC TRANSMISSION, 700.R4-51 

J-21426 

J HO 165-700R4 

Figure 137 Case Extension Oil Seal Assembly 

J 8001 

JH0168-700R4 

Figure 138 Checking Torque Converter End Play 
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601 

ILL. 
NO. DESCRIPTION 
601 WASHER, THRUST (PUMP TO DRUM) 
608 SEALS, REVERSE INPUT CLUTCH 

(INNER & OUTER) 
615 BEARING ASSEMBLY, STATOR SHAFT/ 

SELECTIVE WASHER 
616 WASHER, THRUST (SELECTIVE) 
622 SEAL, "O" RING INPUT TO FORWARD HSG. 
624 SEAL, 3RD & 4TH CL. (INNER & OUTER) 
629 SEAL, FORWARD CLUTCH (INNER & OUTER) 
631 SEAL, OVERRUN CLUTCH (INNER & OUTER) 
637 BEARING ASSEMBLY, INPUr SUN GEAR 

696 

669 674 

ILL. 
NO. DESCRIPTION 
663 BEARING ASSEMBLY, THRUST (INPUT 

CARRIER TO REACTION SHAFT) 
669 WASHER, THRUST (REACTION SHAFT/ 

SHELL) 
674 WASHER, THRUST (RACE/REACTION SHELL) 
683 BEARING ASSEMBLY, THRUST (REACTION 

CARRIER/SUPPORT) 
692 BRG., REACTION GEAR SUPPORT TO CASE 
696 SEAL, TRANSMISSION (LO & REVERSE 

CLUTCH - OUTER, CENTER, INNER) 

JH0187-700R4 

Figure 139 Seals and Searing Locations 



ILL. 
NO. DESCRIPTION 

3 BUSHING, OIL PUMP BODY 
4 BUSHING, STATOR SHAFT (REAR) 

38 BUSHING, CASE EXTENSION 
76 BUSHING, CASE 
90 BUSHING, STATOR SHAFT (FRONT) 

603 BUSHING, REVERSE INPUr°CLUTCH (FRONT) 
606 BUSHING, REVERSE INPUT CLUTCH (REAR) 

LOCATION QTY. SIZE 

ACCUMULATOR 
2 

M6 
COVER TO CASE 1.0 X 35.0 

ACCUMULATOR 
1 

M6 
COVER TO CASE 1.0 X 65.0 

DETENT SPRING TO 
1 

MB 
VALVE BODY 1.75 X 20.0 

VALVE BODY TO 
15 

M6 
CASE 1.0 X 50.0 

OIL PASSAGE COVER 
3 

M6 
TO CASE 1.0 X 16.0 

SOLENOID ASSY. 
2 

M6 
TO PUMP 1.0 X 12.0 

TRANSMISSION OIL 
16 

MB 
PAN TO CASE 1.25 X 19.3 

PRESSURE SWITCHES 1-3 ¼ • 27 

AUXILIARY VALVE 
1 

MS 
BODY TO CASE 1.0 X 18 

AUXILIARY VALVE 
1 M6 

BODY TO CASE 1.0 X 35 

AUXILIARY VALVE 
1 

M6 
BODY TO CASE 1.0 X 45 

AUTOMATIC TRANSMISSION 700-R4-59 

ILL. 
NO. DESCRIPTION 

657 BUSHING, INPUT SUN GEAR (FRONT) 
659 BUSHING, INPUT SUN GEAR (REAR) 
665 BUSHING, REACTION SHAFT (FRONTI 
667 BUSHING, REACTION SHAFT (REAR) 
672 BUSHING, REACTION SUN GEAR 

TORQUE SPECIFICATIONS 

TORQUE LOCATION QTY. SIZE TORQUE 

11 N·m PARK BRAKE 
2 

MB 22 N•m 
(8 LB.-FT.I BRACKET TO CASE 1.25 X 20.0 (18 LB.-FT.) 

11 N·m PUMP -COVER TO 
5 

MB 22 N·m 
(8 LB.-FT.) BODY 1.25 X 40.0 (18 LB.-FT.l 

22 N-m PUMP ASSY. TO 
7 

MB 22 N·m 
(18 LB.-FT.I CASE 1.25 X 60.0 (18 LB.-FT.) 

11 N·m CASE EXTENSION 
4 

M10 34 N·m 
18 LB.-FT.l TO CASE 1.50 X 30.0 (26 LB.-FT.) 

11 N·m MANUAL SHAFT TO 
1 

M10 31 N·m 
(8 LB.-FT.) INSIDE DET. LEVER 1.50 NUT 123 LB.-FT.) 

11 N·m PRESSURE PLUGS 1-4 ¼ • 27 
11 N·m 

(8 LB.-FT.) (8 LB.-FT.) 

11 N·m 
PRESSURE PLUGS 3 ¼ • 18 

24 N·m 
18 LB.-FT.) (18 LB.-FT.) 

11 N·m CONNECTOR COOLER 
2 ¼ • 18 

38 N·m 
18 LB.-FT,l PIPE (28 LB.-FT.) 

11 N•m 
18 LB-FT.) 

11 N·m 
(8 LS.-FT.) 

11 N·m 
(8 LB.-FT.) 

JHOHS8-700R4-R1 

Figure 140 Torque Specifications and Bushing Locations 



700.R4-60 AUTOMATIC TRANSMISSION 

BUSHING REPLACEMENT PROCEDURE 
PROTECT PARTS WITH WOOD BLOCKS OR CLOTH AS NECESSARY 

REMOVE AS SHOWN 

J-25019-14 

4 BUSHING, STATOR SHAFT - FRONT. 
90 BUSHING, STATOR SHAFT - REAR 

217 COVER, PUMP 

3 BUSHING, OIL PUMP BODY 
203 BODY, PUMP 

203 

603 BUSHING, REVERSE INPUT CLUTCH - FRONT 
605 HOUSING & DRUM ASSEMBLY, REVERSE 

INPUT CLUTCH 
606 BUSHING, REVERSE INPUT CLUTCH - REAR 

INST ALL AS SHOWN 

4 BUSHING, STATOR SHAFT- FRONT 
90 BUSHING, STATOR SHAFT- REAR 

217 COVER, PUMP 

3 BUSHING. OIL PUMP BODY 
203 BODY, PUMP 

203 

603 BUSHING, REVERSE INPUT CLUTCH - FRONT 
605 HOUSING & DRUM ASSEMBLY, REVERSE 

INPUT CLUTCH 
606 BUSHING, REVERSE INPUT CLUTCH - REAR 

JH0t89-700R4 

Figure 141 Bushing Replacement Procedure 



AUTOMATIC TRANSMISSION 700:R4-61 

BUSHING REPLACEMENT PROCEDURE 
PROTECT PARTS WITH WOOD BLOCKS OR CLOTH AS NECESSARY 

REMOVE AS SHOWN INSTALL AS SHOWN 

657 BUSHING, INPUT SUN GEAR - FRONT 
658 GEAR, INPUT SUN 
659 BUSHING, INPUT SUN GEAR - REAR 

J-7004-1 

J-25019-14 

667 

665 BUSHING, REACTION CARRIER SHAFT
FRONT 

666 SHAFT, REACTION CARRIER 
667 BUSHING, REACTION CARRIER SHAFT -

REAR 
--- ------. . 

672 BUSHING, REACTION SUN 
673 GEAR, REACTION SUN 

J-8092 

J-34196-1 

J-34196-6 

659 

, . 

657 BUSHING, INPUT SUN GEAR - FRONT 
658 GEAR, INPUT SUN 
659 BUSHING, INPUT SUN GEAR - REAR 

,-/J-8092 

I J-34196-3 

665 

666 

J-34196-3 

667 

665 BUSHING, REACTION CARRIER SHAFT -
FRONT 

666 SHAFT, REACTION CARRIER 
667 BUSHING, REACTION CARRIER SHAFT -

REAR 

672 BUSHING, REACTION SUN 
673 GEAR, REACTION SUN 

J-8092 

J-34196-1 

672 

673 

JH0170-700R4 

Figure 142 Bushing Replacement Procedure 
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BUSHING REPLACEMENT PROCEDURE 
PROTECT PARTS WITH WOOD BLOCKS OR CLOTH AS NECESSARY 

REMOVE AS SHOWN INSTALL AS SHOWN 

J-8092 

J-23062-14 
-34196-4 

38 

36 EXTENSION, CASE 36 EXTENSION, CASE 
38 BUSHING, CASE EXTENSION 38 BUSHING, CASE EXTENSION 

10 CASE, TRANSMISSION 
76 BUSHING, CASE 

J-34196-10 

76 

10 CASE, TRANSMISSION 
76 BUSHING, CASE 

Figure 143 Bushing Replacement Procedure 

J-8092 

J.34196-6 

JH0171-700A4 



AUTOMATIC TRANSMISSION 700-R4-63 

GOVERNOR BORE REPAIR PROCEDURE 

FOLLOW STEPS 1-6_TO REPAIR THE GOVERNOR BORE 

STEP 1 Install holding fixture J.8763 and mount in vise. 

STEP 2 Remove (file) any excess material from the 
govemor face. 

J-22976-3 

J-22976-1 

10 

A PIN, GOVERNOR SUPPORT 
10 CASE, TRANSMISSION 

STEP 3 Install J-22976-3 and J-22976-1. Torque bolts 
to 13 N·m (10 ft.-lbs.). Make sure J-22976.J 
rotates freely and then remove it. 

B 

J-22976-9 

B RATCHET & SOCKET 

STEP 4 Ream the governor bore as follows: 
• Oil J-22976-9, J-2297& 1 and the governor bore 

with transmission fluid. 
• After each ten revolutions, remove the reamer 

and dip in transmission fluid to clean. · 
• After the reamer reaches the end of the bore and 

bottoms on the governor support pin, rotate the 
reamer ten additional revolutions. 

• Remove the reamer. Be certain to rotate during 
removal to prevent scoring the bore. 

• Remove the tools and thoroughly clean the case. 

C BUSHING 
D SLOTS 

STEP 5 Align the stets in the bushing with the slots 
in the governor bore. 

C BUSHING 
E BRASS HAMMER 

STEP 6 Install the bushing until the slots in the bushing 
align with the feed holes In .the governor bore. 

JH01 2-700R4 

Figure 144 Governor Bore Repair Procedure 
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Universal Remover 

Holding Fixture & Base 

A 
J 7004-1 

~~ 
J 8763-0~ 

Pump Oil Seal Installer 

Clutch Spring 
Compressor 

~~ 
Universal Remover 

E 
J 25016 

Clutch Spring 

Compress@r 
Adapter o 

E 
J 25018-A 

E 
J 23907 

End Play Fixture Adaptor 

E 
J 34725 

Turbine Shaft 
Seal Sizer 

J 36418-1 

p 
J 36418-2 

Bushing & Universal Remover Set 

J 29369-1 
Output Shaft Support Fixture 

2-4 Band Apply Pin Tools 

r 

J 29369-2 

E 
J 29837 

-E 
J 33037 

Dial Indicator Stand & Guide Pin Set 

- • E 
J 25025-B 

E - Essential Tool A ~ Available Tool 

E 
J 8001 

Oil Pump Body & Cover Alignment 

&M 0 
E 

J 21368 
Piston Compressor Bushing Remover 

g -
E 

J 22269-01 

aa 
A 

J 23062-14 
Oil Pump Remover & End Play Checking 

F«™~ E 

J 24773-A 
Bushing Remover 

A 
J 25019-4 

Bushing Remover Bushing Remover 

fiJI 
A 

J 25019-14 
A 

J 24036 
Speedometer Gear Puller & Adapter 

~ 
1M & 9 E 
0..., J 21427-01 & J 8433 

Inner Overrun Clutch Seal Protector 

Speed Sensor Rotor Installer 

Speedometer Gear Installer 

~ 
Handle 

E 
J 29882 

J 36352 

J 5690 

~ E 
J 8092 

Figure 1 45 Special Tools 

Rear Seal Installer 

Clutch Spring [!J 
Compressor 
Press 

0 

End Play Checking Fixture 

Bushing Installer 

A 
J 25019-12 

Servo Cover Compressor 

E 
J 21426 

E 
J 23466 

E 
J 25022 

A 
J 25019-9 

A 
J 26019-16 

Inner Forward Clutch Seal Protector 

OJJ 
Cooler Flusher 

Bushing Set 

OJ) ' ~ 

Qi] OD) 

ffi) 

E 
J 29883 

E 
J 35944 

@]D) 

C)J)]) 

A 
J 34196 

JH0173-700R4-R1 



TRANSMISSION DIAGNOSIS 700-R4-1 

SE-CTION 7QO .. R4 

Mos · 

AUTOMATIC TRANSMISSION DIAGNOSIS 
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700•R4 

LO AND REVERSE 
CLUTCH SUPPORT 

FORWARD CWTCH 
SPRAG ASSEMBlY INPUT PI.ANETARY 

PRESSURE 
PLATE 

CONVERTER 
PUMP 

INSIOE 
DETENT LEVeR 

2-4 
MND 

OIL FICTER 
ASSEMBLY 

GEAR SET 

ONTROL VALVE 
ASSEMBLY 

SPEEDOMETER 
DRIVEN GEAR 

ASSEMBIY 

JH0001-700R4-R2 

Figure 1 THM 70~4 Transmission 

GENERAL DESCRIPTION 
The THM 700-R4 is a fully automatic 

transmission for rear wheel drive vehicles which 
provides four forward gear ranges and a reverse. 

The major components of this transmission are: 
• Torque Converter Clutch Asm. 
• Vane Type Oil Pump 
• 2-4 Band Asm. 
• Five Multiple Disc Clutches 
• Two Planetary Gear Sets 
• One Sprag Clutch 
• One Roller Clutch 
• Valve Body Asm. 

The oil pressure and shift points are controlled by 
throttle opening via a throttle valve cable. (See Section 
7Al for T.V. cable information). 

The transmission can be operated in any one of 
the following seven modes: 

P -Park position prevents the vehicle from rolling 
either forward or backward: (For safety reasons the 
parking brake should be used in addition to the park 
position). 

R - Reverse allows the vehicle to be operated in 
a rearward direction. 

N - Neutral allows the engine to be started and 
operated without driving the vehicle. H necessary this 
position may be selected if the engine must be restarted 
with the vehicle moving. 
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_(~) - Overdf!VC is used for all normal driving 
cond1t1ons. It provides four gear ratios plus converter 
clutch operation. Downshifts are available for safe 
passing by depressing the accelerator. 

. D - Drive position is used for city traffic, hilly 
terram, and trailer towing. It provides three gear 
ranges. Again, downshifts · are available by depressing 
the accelerator. 

2 - Manual second is used to provide acceleration 
and engine braking. This range may be selected at any 
vehicle speed. · 

1 - Manual Lo is used to provide maximum 
engine braking. This range may also be selected at any 
vehicle speed. 

DIAGNOSIS INFORMATION 
ROAD TEST PROCEDURE 

• Perform the road test following the sequence 
given · 

• MPH (km/h) shift points will vary with actual 
throttle position and driver habits 

• Compare the results of the test with shift speed 
chart information. Use .these results with the 
diagnosis information contained in this 
Automatic Transmission Diagnosis Section to 
evaluate the transmission. 

• This test should only be performed .when traffic 
and road conditions permit 

• Observe all traffic safety regulations 

Drive and Reverse Engagement Shift Check 

1. Start engine 
2. Depress brake pedal 
3. Move gear selector: 

"Park" (P) to "Reverse" (R) 
"Reverse" (R) to "Neutral" 
(N) to "Drive" (D) 
Drive and/or Reverse engagement, may 
take from 1-2 seconds at normal operating 
temperatures ( 180° -200"F /80" -90°C). 
Engagement ~hould not be harsh. 

Upshifts and Torque Converter Clutch (TCC) 
Apply (Figure 2) 

With gear selector in "Overdrive" (D) 
1. Accelerate using · a steady increasing throttle 

pressure 
2. Not_e the shift speed point gear engagements for: 

2nd gear 
3rd gear 
Overdrive 

3. Note the speed shift point for TCC apply. This 
should occur while in third gear or overdrive. If 
the apply is not noticed, refer to the Torque 
Converter Clutch Diagnosis information 
contained in this section of the Service . Manual. 

rn Important 

The torque converter clutch will not enpge ii 
engine coolant has not reached a minimum 
operating temperature of approximately 54°C 
(130°F). 

Part Throttle Downshift 
At vehicle speeds of 40-55 MPH (64-88 
km/h) quickly depressed the accelerator to 
a half open position and observe: 
TCC releases 
Transmission downshift to 3rd gear 
immediately 

Full Throttle (Detent) Downshift 
At vehicle speeds of 48-55 MPH (77-88 
km/h) quickly depress the accelerator .to a 
wide open position and observe: 
TCC releases 
Transmission downshifts to 2nd gear 
immediately 

Manual Downshift 
I. At vehicle speeds of 40-55 MPH (64 to 88 km/h) 

release the accelerator pedal while moving the 
gear selector to "Third" gear (D) and observe: 

TCC release 
Transmission downshift to 3rd gear should 
be immediate 
Engine sho~d slow vehicle down 

2. Move gear selector to "Overdrive" and accelerate 
to 40-45 MPH (64-72 km/h). Release the 
accelerator pedal while moving the gear selector 
to "Second•' gear (2) and observe. 

TCC release 
Downshift to second gear should be 
immediate 
Engine should slow vehicle down 

3. Move gear selector to "Overdrive" (D) and 
accelerate to 25 MPH (40 km/h). Release the 
accelerator pedal while moving the gear selector 
to .. First" gear (1) and observe: 

TCC release 
Transmission downshift to 1st gear should 
be immediate 
Engine should slow vehicle down 

Coastdown Downshift 
1. With the gear selector in . "Overdrive" (D) 

accelerate to 4th gear and TCC apply. 
2. Release the accelerator pedal and lightly apply 

the brakes to observe: 
TCC release 
Shift points for downshifts. 

Manual Gear Range Selection 
MANUAL THIRD (D) . 

1. With vehicle stopped, place gear selector in 
"Third .. (D) and accelerate to observe: 



The first to second gear shift point 
The second to third gear shift point 

MANUAL SECOND (2) 
2. With vehicle stopped, place gear selector m 

.. Second" (2) and accelerate to observe: 
The first to second gear shift point 

3. Accelerate to 25 MPH (40 km/h) and observe: 
That a second to third gear shift does not 
occur 
That TCC does not engage 

MANUAL FIRST (1) 
1. With vehicle stopped, place gear selector in 

"First., (1) and accelerate to 15 MPH (24 km/h) 
and observe: 

That no upshift occurs 
That TCC does not engage 

REVERSE 

TRANSMISSION DIAGNOSIS 700-R4-3 

1. With vehicle stopped, place gear selector in 
"Reverse" (R) and slowly accelerate to observe 
reverse gear operation. 
All possible throttle positions and corresponding 
MPH shift point information has not 'been 
provided. 

PRELIMINARY CHECK PROCEDURE 

IL'l'I Inspect 

• Fluid level 
• TV cable adjustment 
• Manual linkage 
• Engine mechanical, emissions, electrical and fuel 

delivery systems · 

E3 Install or Connect (Figure 3) 

• Pressure gage 
• Tachometer 

1989 THM 700-R4 SHIFT SPEED CHART 

MODEL 1-2 MIil 2-3 MIN 3-4 MIi 1-2 3-2 PART 4-3 COAST 3-2 COAST 2-1 COAST 
THROTTLE THROffiE THROTTLE W.O.T. THROTTLE DOW■ DOWI DDWI 

FKM, YMM 10-12 17-24 29-38 25-41 27-54 25-31 14-21 9-11 

FMM,MAM,MFM,MRM,MXM 12-15 19·26 41-51 31-43 37-56 37-48 15-24 11-14 

FXM, YUM 10-12 17-24 29-38 25-41 27-54 25-31 14-21 9-11 

HBM 11 -13 18-26 34-43 27-44 35-63 27-36 15-22 10-12 

HOM 11-14 19-27 31 -39 29-41 35-56 28-35 16-25 10-12 

MCM, PRM 10-13 14-22 40-49 24-37 26-46 37-47 10-18 9-12 

MOM, MKM,MLM,TJM.TKM 13-15 19-27 42-51 33-46 37-59 37-47 14-24 12-14 

MHM, PAM. PBM, PCM, TNM 9-11 17-24 34-43 25-34 26-44 29-40 14-22 8-10 

MPM, MWM, MZM, TUM, TXM 11-13 18-24 38-47 29-41 35-53 34-45 15-21 10-13 

THM, TLM 11-13 19-26 41-51 28-41 36-55 37-48 15-24 10-12 

YDM 10-12 15-22 41-51 30-53 30-65+ 30-44 12-18 9-11 
YNM. 11-13 20-28 27-32 31 -48 33-65 22-28 17-24 10-12 

YPM 11-13 17-25 36-42 28-41 34-55 32-39 14-23 10-12 

YTM 11-13 17-23 41-52 , 29-43 36-56 36-48 13~20 9-11 

YWM 8-9 12-17 32-39 23-41 23-53 23-34 · 9-14 7-9 

YXM 10-12 16-27 40-48 31-42 36-55 36-45 13-23 9·11 
YZM 11-13 13-24 . 39-43 36-46 36-53 35-40 10-20 10-12 

NOTES: 
1. ALL SPEEDS INDICATED ARE IN Mil.ES PER HOUR. CONVERSION TO km/h "" MPH x 1.609. 
2. SHIFT POINTS WILL VARY SLIGHTLY DUE TO ENGINE LOADS ANO VEHICLE OPTIONS. 
3 . SPEEDS LISTED WITH + EXCEED 65 MPH. 

KH0209-700R4 

Figure 2 Shift Speed Chart 



700-R4-4 TRANSMISSION .DIAGNOSIS 

PRELIMINARY CHECK PROCEDURE 
• CHECK TRANSMISSION FLUID LEVEL 
• CHECK AND ADJUST T. V. CABLE 

. • CHECK OUTSIDE MANUAL LINKAGE AND CORRECT 
• CHECK ENGINE TUNE 
• INSTALL PRESSURE GAGE 
• CONNECT TACHOMETER TO ENGINE 
• CHECK PRESSURE AS FOLLOWS: 

Minimum T.V. line Pressure Check (Al ATTACH PRESSURE GAGE 
Set the T. V. cable to specification; and with the brakes applied, take the line pressure readings in the ranges and 
at the engine r.p.m. indicated in the chart below. 

Full T. V. Line Pressure Check 
Full T.V. line pressure readings are obtained by tying or holding the T.V. cable to the full extent of its travel; and with 
the brakes applied, take the line pressure readings in the ranges and at the engine r.p.m. indicated in the chart below. 

* NOTICE Total running time for this combination not to exceed 2 minutes. 

CAUTION Brakes must be applied at all times. 

1989 THM 700-R4 TRANSMISSION PRESSURES 
IORMAL PRESSURE 

RANGE MODEL AT MINIMUM T.V. 
kPa PSI 

FKM, FXM, YMM, YUM 451-515 65:-75 
FMM, HOM, MAM, MFM,MRM. MXM 451-515 65-75 

HBM 451 -515 65-75 

PARK, MCM, PRM 451-515 65-75 

NEUTRAL, MOM, MKM. MLM, TJM, TKM 451-515 65-75 
OVERDRIVE & MHM, PAM, PBM, PCM, TNM 451-515 65-75 
MANUAL 3RO MPM. MWM. MZM, TUM, TXM 451-515 65-75 
@ 1000 RPM 

THM, TLM 451-515 85-75 
YOM, YWM, YZM 384-444 56-64 

YNM 451-515 65-75 
YPM 451 -515 65-75 
YXM 451 -515 65-75 

FKM. FXM, YMM, YUM 742-847 108-123 
FMM, HOM. MAM, M.f'M, MRM. MXM 742-847 108-123 

HBM 742-847 108-123 
MCM. PRM 580-662 84-96 

MOM, MKM, MlM, TJM, TKM 742-847 10B-123 
REVERSE 

MHM, PAM,PBM, PCM, TNM 741-845 107-123 @ 1000 RPM 
' MPM, MWM, MZM, TUM. TXM 742-847 108-123 

THM, TLM 742-B47 108-123 
YDM, YWM, YZM 632-730 92-106 

YNM 742-B47 10B-123 
YPM 742-847 108-123 
YXM 581).662 84-96 

MANUAL 2NO 
FKM, FXM, HBM, HOM. MAM. MCM, MOM, MFM. MKM, MLM, MPM. MRM. MWM, 1127-1286 163-1B6 MXM, MZM. PRM, THM, TJM, TKM, TlM, TUM. TXM, YMM, YNM, YPM. YUM. YXM 

& MANUAL LO 
MHM,PAM. PBM, PCM, TNM 1191-1359 173-197 @ 1000 RPM 

YOM, YWM, YZM 1120-1293 162-187 

IIORMAL PRESSURE 
AT FULL T.V. 

kP1 PSI 
1073-1354 155-196 
851-1063 123-154 
1029-1308 149-190 
845-1068 123-155 
947-1185 137-172 
899-1134 130-164 
914-1149 133-167 · 
969-1231 141-179 
1049-1359 152-197 
1025-1306 149-189 
816-,016 118-147. 
865-1080 125-157 
1763-2225 256-323 
1400-1747 203-253 
1691-2150 245-312 
1085-1372 157-199 
1556-194B 226-283 
1474-1860 214-270 

1503-1889 218-274 
1593-2023 231-293 
1724-2234 250-324 
1686-2148 245-311 

1342-1670 195-242 
1111-1387· 161-201 

1127-12B6. 163-186 

1191-1359 173-197 

1120-1293 162-187 

Line pressure is basically controlled by pump output and the pressure regulator valve. In addition, line pressure is 
boosted in Reverse, Second and Lo by the. reverse boost valve. · · · 
Also, in the Neutral, Drive, Intermediate and Reverse positions of the selector lever, the line pressure should increase 
with throttle opening because of the T.V. system. The pressure is controlled by the T.V. cable, the throttle lever and 
bracket assembly and the T.V. link. as well as the control valve assembly. 
The main line pressure tap plug is located on the left side of the transmission above the outside manual lever. 

JH0004-700R4-R2 

Figure 3 Preliminary Check Procedure 



2-4 
RANGE SEAR BAIO 

P-N 
1st 

2nd APPLIED 
D 

3rd 

4th APPLIED 

1st 

D 2nd APPLIED 

3rd 

1st 

2 
2nd APPLIED 

1 1st 

R REVERSE 

TRANSMISSION DIAGNOSIS 700-R4-5 

THM 700-A4 - .GEAR RATIOS 
FIRST 3.06 
SECOND 1.62 
THIRD 1.00 

IEVERSE OVERRUI FORWARD FORWARD 
INPUT CLUTCH CLUTCH SPRAG CL 

CLUTCH ASSEMBLY 

APPLIED HOLDING 

APPLIED HOLDING 

APPLIED HOLDING 

APPLIED 

APPLIED APPLIED HOLDING 

APPUED APPLIED HOLDING 

APPLIED APPUED HOLDING 

APPLIED APPLIED HOLDING 

APPLIED APPLIED HOLDING 

APPLIED APPLIED HOLDING 

APPLIED 

Figure 4 Clutch Application Chart 

3-4 
CLUTCH 

APPLIED 

APPllED 

APPLIED 

FOURTH .70 
REVERSE · 2.29 

LO-ROLLER 
CLUTCH 

HOLDING 

HOLDING 

HOLDING 

HOLDING 

LO-REV. 
CLUTCH 

APPLIED 

APPLIED 

JH0001i-700R4-R1 



700-R4-6 TRANSMISSION DIAGNOSIS 

CONDmON 

OIL PRESSURE HIGH OR 
LOW 
(Verify With Gage-Refer 
To Preliminary Check 
Procedure) 

HIGH OR LOW SHIFT 
POINTS 

INSPECT COMPONENT 

• Oil Pump Assembly (7) 

• Oil Filter (71 l 

• T. V. Exhaust Ball (91) 

• Throttle Lever & Bracket 
Assembly (651 

• Throttle Link (64) 

• Valve Body (67) 

• Case (10) 

• T.V. Cable 

• T. V. Exhaust Ball (91 ) 

• Throttle Lever & Bracket 
Assembly (65) 

FOR CAUSE 

- Pressure regulator valve (218) stuck. 
- Pressure regulator valve spring _ (219) 

. damaged. 
- Rotor guide (213) omitted or mis

assembled. 
- Rotor (214) cracked or broken. 
- T. V. boost valve (222), reverse boost 

valve (220) or sleeve (221) stuck, dam
aged or incorrectly assembled. 

- Orifice hole in pressure regulator valve 
(218) plugged. 

- Sticking slide (206) or excessive rotor 
clearance. 

- Pressure relief ball (231) not seated or 
damaged. 

- Porosity in pump cover or body. 
- Wrong pump cover. 
- Pump faces not flat. 
- Excessive rotor clearance. 

- Intake pipe restricted by casting flash. 
- Cracks in filter body or intake pipe. 
- "O" ring seal (701 missing, cut or dam-

aged. 
- Wrong grease used on rebuild. 

- Stuck or damaged. 

- Misassembled, binding or damaged. 

- Misassembled. binding or damaged. 

- Manual valve (340) scored or damaged. 
- Spacer plate (56) or gaskets (88 & 89) 

incorrect, misassembled or damaged. · 
- Face not flat. 
- Throttle valve (326) sticking. 
- T.V. limit valve (3321 sticking. 
- Modulated downshift valve (301) stuck. 
- Line bias valve (336) stuck. 
- 2-3 Shift valve (316) stuck. 
- Checkballs omitted or misassembled. 

- Case to valve body face not flat. 

- Binding or not correctly adjusted. 

- Stuck or damaged. 

- Misassembled, binding or damaged; 

ALL ILLUSTRATION NUMBERS REFERENCE THM 700-R4 UNIT REPAIR SECTION 

JH0008-700R4-R 1 

Figure 5 Diagnosis Chart A 



TRANSMISSION DIAGNOSIS 700-R4"7 

CONDITION INSPECT COMPONENT FOR CAUSE 

HIGH OR- LOW SHIFT • Oil Pump Assembly (71 - Stuck pressure regulator valve (218) or 
POINTS (Continued) T. V. boost valve (2221. 

- Sticking pump slide (206). 

• Valve Body Assembly (671 - Sticking throttle valve (3261 or plunger 
(324). 

- Modulated T.V. up or down valves (301 & 
303) sticking. 

- T.V. limit valve (332) sticking. 
- Spacer plate (56) or gaskets (88 & 89) 

misassembled. damaged or incorrect. 
- Line bias valve (336) sticking. 

• Case (10) - Porous or damaged valve body pad. 
- Governor filter (4 7 Al restricted or dam-

aged. 
- 2-4 Servo Assembly ( 13-31 I 

a. 2-4 accumulator porosity. 
b. Damaged servo piston seals. 
c. Apply pin damaged or improper length. 

- 2-4 Band Assembly (602) 
a. Burned. 
b. Anchor pin not engaged. 

1 ST GEAR RANGE ONLY • Governor Assembly (451 - Governor valve ( 1071 sticking. 
- NO UPSH1FT - Governor driven gear (831 loose or dam-

aged: 
a. Wear on bottom of gear indicates pin 

is not pressed in deep enough. 
b. Wear of corner of gear indicates pin 

is missing. 
c. Wear resembles an apple core if wrong 

gear is used, or there is a burr on the 
output shaft. 

d. Wear on one side of gear indicates out-
put shaft snap ring is missing or the 
governor has seized in the bore. 

- Governor driven gear retaining pin (821 
missing. 

- Nicks or burrs on output shaft (687). 
- Nicks· or burrs on governor. sleeve ( 1061 

or case bore. 
- Governor support pin in case too long or 

short. 
- Governor weights ( 108 & 109) or springs 

( 110 & 111 I missing, binding or damaged. 

• Valve Body (67) - 1-2 Shift valve (3221 sticking. 
- Spacer plate (56) or gaskets (88 & 891 

mispositioned or damaged. 

• Case (101 - Case to valve body face not flat or dam-
aged . 

- Governor filter (4 7 Al restricted or dam-
aged. 

ALL ILLUSTRATION NUMBERS REFERENCE THM 700-R4 UNIT REPAIR SECTION 
JH000"-700R4-R1 

Figure 6 Diagnosis Chart B 



700-R4-8 TRANSMISSION DIAGNOSIS 

CONDITION 

1 ST GEAR RANGE ONLY 
- NO UPSHIFTS 
(Continued) 

SLIPS IN 1 ST GEAR 

INSPECT COMPONENT 

• 2-4 Servo Assembly 
(13-31) 

• 2-4 Band Assembly (602) 

• Forward Clutch Assembly 

• Forward Clutch 
Accumulator 

• Oil Pump (7) 

• Input Housing & Shaft 
Assembly (621 I 

• Valve Body (671 

• T.V. Cable 

• Low Roller Clutch (678) 

FOR CAUSE 

- Restricteg or blocked apply passages in 
case. 

- Nicks or burrs on servo pin (29) or pin 
bore in case. 

- 4th Servo piston ( 16) in backwards. 

- 2-4 Band (602) worn or damaged. 
- Band anchor pin not engaged. 

- Clutch plates (649) worn. 
- Porosity or damage in forward clutch 

piston (630). 
- Forward clutch piston inner and outer 

seals (629) missing, cut or damaged. 
- Input housing to forward clutch housing 

"O" ring seal (622) missing, cut or dam
aged. 

- Damaged forward clutch housing (628). 
- Forward clutch housing retainer and ball 

assembly (627) not sealing or damaged. 

- Piston seal (369) missing, cut or damaged. 
- Piston (367) out of its bore. 
- Porosity in the piston or auxiliary valve 

body (377) . 
- Stuck abuse valve (360). 

- Auxiliary accumulator valve tube (96) 
leaks, not seated in pump cover or 
missing. 

- Turbine shaft seals (619) missing, cut or 
damaged. 

- 1-2 Accumulator valve (333) stuck. 
- Face not flat, damaged lands or inter-

connected passages. 
- Spacer plate (56) or gaskets (88 & 89) 

incorrect, mispositioned or damaged. 

- Binding or broken. 

- Damage to lugs or inner ramps. 
- Rollers not free moving. 
- Inadequate spring tension 
- Damage to inner splines. 
- Lube passage plugged. 

ALL ILLUSTRATION NUMBERS REFERENCE THM 700-R4 UNIT REPAIR SECTION 
JH0010.700R4-R1 

Figure 7 Diagnosis Chart C 



TRANSMISSION DIAGNOSJS ·70~~ 

CONDITION INSPECT COMPONENT FOR CAUSE 

SLIPS IN 1 ST GEAR • 1-2 Accumulator Assembly - Porosity in piston (61) or 1-2 accumulator 
(Continued) (59-631 cover and pin assembly (621. 

- Damaged ring grooves on piston. 
- Piston seal (601 missing, cut or damaged. 
- Valve body to spacer plate gasket (89) 

at 1-2 Accumulator cover, missing or 
damaged. 

- Leak between piston and pin. 
- Broken 1-2 accumulator spring (59). 

• Oil Pressure - (See Causes of High or Low Oil Pressure.) 

• 2-4 Servo Assembly - 4th Servo piston ( 161 in backwards. 
(13-31) 

1-2 SHIFT SPEED - HIGH • T.V. Cable - Binding or broken. 
OR LOW - Not correctly adjusted. 

• Governor Assembly (451 - (See 1st Gear Range Only - No Upshift.) 

• Throttle Lever & Bracket - Misassembled, binding or damaged. 
Assembly (651 - T.V. link missing, binding or damaged. 

• Valve Body (67) - T. V. exhaust checkball 19 t I stuck. 
- T.V. plunger (324) sticking. 
- Face not flat. 

• Oil Pump Assembly (71 I or - Face not flat. 
Case (10) 

SLIPPING OR ROUGH 1-2 • Throttle Lever & Bracket - Incorrectly installed or damaged. 
SHIFT Assembly (65) - T. V. cable broken or binding. 

• Valve Body Assembly (671 - Throttle valve (3261 sticking. 
- 1-2 Shift valve train (317-322) stuck. 
- Gaskets (88 & 891 or spacer plate (56) 

incorrect, mispositioned or damaged. 
- Line bias valve (3361 stuck. 
- 1-2 Accumulator valve (333) stuck. 
- T. V. limit valve (332) stuck. 
- Face not flat. 

• 2-4 Servo Assembly - Apply pin (29) too long or too short. 
113-31 I - 2nd servo apply piston seal missing, cut 

or damaged. 
- Restricted or missing oil· passages. 
- Servo bore in case damaged. 

• 2nd Accumulator (59-63) - Porosity in 1-2 accumulator housing (62) 
or piston (61). 

- Piston seal or groove damaged. 
- Nicks or burrs in 1-2 accumulator housing. 
- Missing or restricted oil passage. 

ALL ILLUSTRATION NUMBERS REFERENCE THM 700-R4 UNIT REPAIR SECTION 

J'""" 1,7D0R4-R1 

Figure 8 Diagnosis Chart D 



700-R4-10 TRANSMISSION DIAGNOSIS 

CONDITION INSPECT COMPONENT FOR CAUSE 

SLIPPING OR ROUGH 1-2 • 2-4 Band (602) - Worn-or mispositioned. 
SHIFT (Continued} -

• Oil Pump Assembly 17) or - Faces not flat. 
Case (101 

NO 2-3 SHIFT OR 2-3 • Converter I 1 ) - Internal damage. 
SHIFT SLIPPING, ROUGH 
OR HUNTING • Governor Assar,:ibly (45) - Valve ( 107) stuck. 

- Drive gear retaining pin (821 missing or 
loose. 

- Governor weights ( 108 & 1091 binding. 
- Governor driven gear (83) damaged. 
- Governor support pin in case too long or 

too short. 

• Oil Pump (71 - Stator shaft (216) sleeve scored or off 
location. 

• Valve Body 167) - 2-3 Valve train (313-3161 stuck. 
- Accumulator valve (333) stuck. 
- Spacer plate (561 or gaskets (88 & 891 

incorrect, mispositioned or damaged. 
- Throttle valve (3261 stuck. 
- T. V. limit valve (3321 stuck. 

• Input Housing Assembly - Clutch plates worn 13-4 (654) or forward 
(6211 (649)]. 

- Excessive clutch plate travel. 
- Cut or damaged piston seals [3-4 (6241 

or forward (6291). 
- Porosi1t in Input clutch housing (621 I or 

piston 623). 
- 3-4 Piston checkball (620) stuck, dam-

aged or not sealing. 
- Restricted apply passages. 
- Forward clutch piston retainer and ball 

assembly (627) not seating. 
- Sealing balls loose or missing. 

• Case (101 - 3rd Accumulator retainer and ball assem-
bly (80) not seating. 

• 2-4 Servo Assembly •, - 2nd Apply piston seals (23 & 241 missing, 
(13-31) cut or damaged. 

NO 3-4 SHIFT/SLIPPING • Governor (45} - Governor weights (108 & 109} binding. 
OR ROUGH 3-4 SHIFT - Governor valve ( 107) stuck. 

- Governor driven gear retalning pin (82} 
missing or loose. 

- Governor driven gear (83) damaged. 
- Governor support pin in case too long 

or too short. 

ALL ILLUSTRATION NUMBERS REFERENCE THM 700-R4 UNIT REPAIR SECTION 
JH0012-700R.__..1 

Figure 9 Diagnosis Chart E 



TRANSMISSION DIAGNOSIS 70CMl4-11 

CONDITION INSPECT. COMPONENT FOR CAUSE 

NO 3-4 SHIFT/SLIPPING • Oil Pump Assembly (7) Faces not flat. 
OR ROUGH 3-4 SHIFT - Pump cover retainer and ball assembly 
(Continued) omitted or damaged. 

• Valve Body Assembly (67) - Valves stuck. 
• 2-3 Shift valve (313-316) train. 
• Accumulator valve (333). · 
• Throttle valve (326). 
• T. V. limit valve (332). 
• 1-2 Shift valve train (317-322) • 
• 3-2 Control valve (339) . 

- Manual valve link (64) bent or damaged. 
- Spacer plate (66) or gaskets (88 & 89) 

incorrect, mispositioned or damaged. 

• 2-4 Servo Assembly - Incorrect band apply pin (29). 
(13-31) - Missing or damaged servo seals ( 14 & 17). 

- Porosity in pistons, cover or case. 
- Damaged piston seal grooves. 
- Plugged or missing orifice cup plug (86). 

• Case (101 - 3rd Accumulator retainer and ball assem-
bly (80) leaking. 

- Porosity in 3-4 accumulator piston (52) 
or bore. 

- 3-4 Accumulator piston seal (63) or seal 
grooves damaged. 

- Plugged or missing orifice cup plug (81 }. 
- Restricted oil passage. 

• Input Housing Assembly - Refer to Slipping 2-3 Shift. 
(621) 

• 2-4 Band Assembly (602) - Worn or misassembled. 

NO REVERSE OR SLIPS IN • Input Housing Assembly - 3-4 Apply ring (625) stuck in applied 
REVERSE (621 l · position. 

- Forward clutch not releasing. 
- Turbine shaft seals (619} missing, cut or 

damaged. 

• Manual Valve Link (705) - Disconnected. 

• Oil Pump Assembly (7) - Retainer and ball assembly missing or 
damaged. 

- Stator shaft seal rings (233) or ring 
' grooves damaged. 
- Stator shaft sleeve scored or damaged. 
- Reverse boost valve (220} stuck, dam-

aged or misassembled. 
- Cup plug missing. 
- Restricted oil passage. 
- Faces not flat. 
- Converter clutch valve (227) stuck. 

ALL ILLUSTRATION NUMBERS REFERENCE THM 700-R4 UNIT REPAIR SECTION 

JH0013.700R4-R• 

Rgure 10 Diagnosis Chart F 



700-R4-1'2 TRANSMISSION DIAGNOSIS 

CONDITION 

. NO REVERSE OR SLIPS IN 
REVERSE (Continued) 

REVERSE (Continued) 

NO PART THROTTLE OR 
DELAYED DOWNSHIFTS 

"'9PEC'T GOMPONENT 

• Valve Body Assembly {67) 

• Reverse Input Clutch 
Assembly (606) 

• Auxiliary Valve Body (3771 

• Lo And Reverse Clutch 

• T.V. Cable 

FOR CAUSE 

- 2-3 Shift valve (316) stuck. · 
- Manual linkage (641 not adjusted. _ _ 
- Spacer plate (56) and gaskets {88 & 89} 

incorrect, mispositioned or damaged. 

- Clutch plate (6121 worn. 
- Reverse input housing and drum assembly 

(605) cracked at weld. 
- Clutch plate retaining ring out of groove. 
- Return spring assembly retaining ring 

(610) out of groove. 
- Seals 

0

(608) cut or damaged. 
- Restricted apply passage. 
- Porosity in piston (607). 
- Belleville plate (811 ) installed incorrectly. 
- Excessive clutch plate travel. 

- Lo overrun valve (3641 stuck. 
- Orificed cup plug (359) restricted, missing 

or damaged. 

- Clutch plates (682) worn. 
- Porosity in piston (695). 
- Seals (696) damaged. 
- Return spring assembly retaining ring 

(693) mispositioned. 
- Restricted apply passage. 

- Loose or incorrectly installed. 

• T. V. Bracket Assembly (651 - Bent. 

• 2-4 Servo Assembly - Servo cover retaining ring (131 omitted 
( 13-31) or misassembled. 

- 4th Apply piston (16) damaged or mis
• assembled. 

- Servo inner housing (22) damaged or mis
assembled. 

• Governor Assembly (45) - Governor weights (108 & 109) binding. 
- Governor valve ( 107) stuck. 

• Valve Body Assembly (67) - Valves stuck. 
• Throttle valve (326) 
• 3-2 Control valve (339) 
• T.V. modulated downshift (301) 

- 4-3 Sequence valve body channel 
blocked. 

ALL ILLUSTRATION NUMBERS REFERENCE THM 700-A4 UNIT REPAIR SECTION 
JHO014-700R4-R1 

_Figure 11 Diagnosis Chart G 



CONDITION 

NO OVERRUN BRAKING 
- MANUAL 3-2-1 

NO CONVERTER CLUTCH 
APPLY 

INSPECT COMPONENT 

• External Linkage 

• Valve Body Assembly (67) 

• Input Clutch Assembly 
(621) 

• Electrical 

• Converter ( 1 ) 

• Oil Pump Assembly (71 

• Input Housing and Sliaft 
(621) 

TRANSMISSION DIAGNOSIS 700-R4-13 

FOR CAUSE 

Not adjusted properly. 

- Valves stuck. 
• 4-3 Sequence valve (329) 
• Throttle valve (326) 

- Checkball #3 mispositioned. 
- Spacer plate (56) and gaskets (88 & 89) 

incorrect, damaged or mispositioned. 

- Turbine shaft oil passages plugged or not 
drilled. 

- Turbine shaft seal rings (619) damaged. 
- Turbine shaft sealing balls loose or 

missing. 
- Porosity in forward (6301 or overrun clutch 

piston (632). 
- Overrun piston seals (631) cut or dam

aged. 
- Overrun piston checkball (633) not 

sealing. 

- 12 Volts not supplied to trans.mission. 
- Outside electrical connector damaged. 
- Inside electrical connector, wiring har-

ness or solenoid damaged. 
- Electrical short (pinched solenoid wire). 
- Solenoid not grounded. 
- Incorrect or damaged pressure switches. 

- Internal damage. 

- Converter clutch valve (227) stuck or · 
assembled backwards. 

- Converter clutch valve retaining ring 
(225) mispositioned. 

- Pump to case gasket (9) mispositioned. 
- Orifice cup plug (240) restricted or dam-

aged. 
- Solenoid "O" ring seal (49) cut or dam

aged. 
- High or uneven bolt torque (pump body 

to cover). 

- Turbine shaft "O" ring· seal (618) cut or 
damaged. 

- Turbine shaft retainer and ball assembly 
(617) restricted or damaged. 

ALL ILLUSTRATION NUMBERS REFERENCE THM 700-R4 UNIT REPAIR SECTION 

JH0015-700R4-R1 

Figure 12 Diagnosis Chart H 



700.R4-14 TRANSMISSION DIAGNOSIS 

CONDITION INSPECT COMPONENT FOR CAUSE 

CONVERTER SHUDDER • Torque Converter - Internal damage. 
Assembly ( 1) 

.. Oil Pump Assembly (7) - Converter clutch valve (227) stuck. 
- Restricted oil passage. 

• Oil Filter (71 ) - Crack in filter body. 
- Flash restricting filter neck. 
- "O" ring seal (70) cut or damaged. 

• Miscellaneous - Low oil pressure. 
- Engine not tuned properly. 

• Input Housing and Shaft . - Turbine shaft "O" ring (618) cut or dam-
Assembly (621) aged. 

- Turbine shaft retainer and ball assembly 
(617) restricted or damaged. 

NO CONVERTER CLUTCH • Solenoid - External ground. 
RELEASE 

• Converter ( 1 I - Internal damage. 

• Oil Pump Assembly (7) - Converter clutch valve (227) stuck. 

DRIVES IN NEUTRAL • Forward Clutch - Not releasing. 

• Manual Valve Link (705) - Disconnected. 

• Case (10) - Face not flat. 
- Internal leakage. 

2ND GEAR START • Governor Assembly (45) - Valve ( 1071 stuck. 
(DRIVE RANGE) - Governor support pin too long or missing. 

• Forward Clutch Sprag - Sprag assembly installed backwards. 
Assembly (642) 

NO PARK • Parking Linkage (701 -715) - Actuator rod assembly (701) bent or 
damaged. 

- Actuator rod spring binding or improperly 
crimped. 

- Actuator rod not attached to inside de-
tent lever (703). 

- Parking lock bracket (710) damaged or 
not torqued properly. 

ALL ILLUSTRATION NUMBERS REFERENCE THM 700-R4 UNIT REPAIR SECTION 
' 

JMIVl1&-7nnDLA1 

Figure 13 Diagnosis Chart I 



TRANSMISSION DIAGNOSIS' 70o:R4-f5 

CONDITION INSPECT COMPONENT FOR CAUSE 

NO PARK (Continued) • Parking Linkage (Cont.) - Inside detent lever (703) not torqued 
properfy. 

- Detent roll~r and spring assembly (709) 
mispositioned or not torqued properly. 

- Parking pawl (7111 binding or damaged. 

RATCHETING NOISE • Parking Pawl (711 ) - Parking pawl return spring (714) weak, 
damaged or misassembled. 

OIL OUT THE VENT • Oil Pump (7) - Chamfer in pump body rotor pocket too 
large. 

• Valve Body (67) - T.V. limit valve (3321 stuck. 

• Miscellaneous - Fluid level - overfilled. 

VIBRATION IN REVERSE • Oil Pump (7) - Broken vane rings (212). 
AND WHINING NOISE IN 
PARK 

ALL IUUSTAATION NUMBERS REFERENCE THM 700-A4 UNIT REPAIR SECTION 

-'H018S.700R4-1'11 

Figure 14 Diagnosis Chart J 



700-R4-16 TRANSMISSION DIAGNOSIS 

BLANK 



TRANSMISSION DIAGNOSIS 700-R4-17 

700-R4 TRANSMISSION 

FLUID FLOW 

AND 

CIRCUIT DESCRIPTION 

00 Fluld Flow and Circuit Description 



700-R4-18 TRANSMISSION DIAGNOSIS 

PARK 

Figure 15 Park - Engine Running 
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TRANSMISSION DIAGNOSIS ·700-R4-19 

PARK-ENGINE ~UNNING 

3-4 CI.UlCH - REI.EASED 2-4 BUD - IS.EASED COIVERTO CllTCII - IIElOSED 

liEYEUE IIPVT CI.UlCH - RREASED 

FORWARD CLUTCH - RELUSED 

LO AID RfflRSE CLUTCH - RELEASED OYERIIUI CLUTCH ... RB.EASED 

FORWARD SPRM CLUTCH - ■Dr HOLOII& LO BOWi CLUlCH- IOT HOLDIIG 

· With the selector lever in the Park (P) position, oil from the pump is directed to the follow~g: 

1. Pre,sure Regulator Valve 

. 2. Release Side of the Co_nverter and the Lubrication System 

3. Decrease Side of the Pump Slide 

4. Manual Valve 

5. T.V. System (limit Valve. Throttle Valve, Line Bias Valve. M.T.V. Up Valve and M.T.V. Down Valve) 

6. Pressure Relief Valve 

7. Line Pressure Tap 

OH flows from the pump to the pressure regulator valve which i:egulates the pump pressure. When 
the pump output exceeds the demand of line pressure. oil from the pressure regulator valve-ls directed 
to the converter clutch apply valve. The conv~rter clutch apply valve directs oil to the release side 
of the converter clutch. Converter return oil is directed to the transmission cooler bv the converter 
clutch apply valve. OH from the cooler is directed to the transmission lubrication system. 

Oil is also directed from the pressure regulator valve to the pump slide to decrease pump output in 
relation to the combined pressure of M.T.V. oil and regulator valve spring force. Line pressure acts 
on the pressure relief valve which will exhaust any oil above 2,240 tQ 2,520 kPa (320 to 360 psi). 

Line pressure at the manual valve is available for use in other drive ranges. 

Line pressure at the T.V. limit valve is limited to 620 kPa (90 psi). This limited pressure· is directed 
to the throttle valve where it is regulated to a variable pressure called throttle valve (T.V.) pressure. 
T.V. pressure increases with carburetor opening and is directed to the line bias, M.T.V. up and M.T.V. 
down valves •. 

At the line bias valve, T.V. pressure is modulated to M.TY. pressure. M.T.V. pressure heips to control 
line pressure at the pressure regulator valve and accumulator pressure at the accumulator valve. 

T.V. pressure at the M.T.V. up valve and M.T.V. down valve is available for use when accelerating In 
other ranges. 

SUMMARY 

The converter is filled from the release side; all clutches and the band are released. The manual Hnkage 
has the parking pawl engaged in the reaction internal gear lugs. At idle, there is not sufficient T.V. 
pressure to_ open the M.T.V. up or M.T.V. down valves. 

Figure 18 Park - Engine Running 



700-R4-20 TRANSMlSSION DIAGNOSIS 

NEUTRAL- ENGINE RUNNING 

Figure 1 7 Neutral - Engine Running 
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TRANSMISSION DIAGNOSIS 700-R4-21 

NEUTRAL- ENGINE RUNNING 

CONVERTER CLUTCH - RELEASED 

REVERSE IIPUT CLUTCH - RELEASED 

FORWARD CLUTCH - RELEASED 

3-4 CLUTCH - RELEASED 

LO AND REVERSE CLUTCH - RELEASED 

2-4 BAND - RELEASED 

OVERRUN CLUTCH - RELEASED 

LO ROUER CLUTCH - IDT HOLDING FORWARD SPRAG CLUTCH - NOT HOLDING 

When the selector lever is moved to the Neutral (NI position, the line pressure is directed to the same 
areas as in Park, except in Neutral (N) the manual valve directs oil into the Reverse, Neutral, Drive 
4, Drive 3 (RND403) oil is directed to the 2-3 shift valve which directs RND4D3 oil to the 3-4 relay 
valve through the servo feed passage. Oil at these valves is available for use in other ranges. 

SUMMARY 

The converter is filled froni the release side; all clutches and the band are released. At idle, there is 
not sufficient T.V. pressure to open the M.T.V. up or M.T.V. down valves. 

JH017S.700R4 

Figure 18 Neutral - Engine Running 



700-R4-22 TRANSMISSION DIAGNOSIS 

D-4 FIRST GEAR 

Figure 19 D4 - First Gear 
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TRANSMISSION DIAGNOSIS 700-R4-23 

D-4-FIRST GEAR 

FORWARD ClfflH - APPLIED LO IOLI.B CUl11:H - HOLDIIG FORWARD SPIIAli CLVTCH - HOLDIIG 

When the selector lever is moved to the Drive (D) position, the manual valve Is repositioned to allow 
line pressure to enter the Drive 4 (04) passage. Drive 4 oil then flows to the following: 

1. Forward Clutch Accumulator, F-orward Clutch and Abuse Valve 

2. Governor Valve 

3. 1-2 Shift Valve 

4. Accumulator Valve 

5. 3-4 Shift Valve 

BASIC· CONTROL 

Drive 4 oiJ is directed to the forward clutch accumulator where the #12 checkball seats. routing 
forward clutch feed through an orifice. This combines with the forward clutch accumulator to cushion 
the forward clutch apply. 

During "Rock Cycle" conditions (stuck In mud or snow and "Rocking' out), an abuse valve routes 
04. oil to forward clutch feed oil to quicken the apply of the forward clutch. 

Drive 4 oil ls directed to the 1-2 and 3-4 shift valves. Drive 4 oil is directed to the accumulator valve 
and Is regulated to a pressure called accumulator pressure; this pressure is directed to the 1-2 and 
3-4 accumulator pistons to act • a cushion for the band apply in second gear and overdrive. 

Drive 4 oil Is oriflced into the governor passage. and Is regulated to a variable pressure called g9'18rfior 
pressure. Governor pressure increases with vehicle speed and acts against the 1-2, 2-3, 3-4, and tt,e 
3-2 control valve springs. 

In .first gear, there could be sufficient throttle valve plunger travel to increase T.V. pressure enough 
to open the M:T.V. up and the M:TY. down valves. In finrt gear, M:r.v, up exerts pressure against governor 
pressure at the 1-2, 2-3, and 3-4 valves. M.T.V. down pressure is stopped by a land at the 2-3 and 
3-4 throttle valves. 

SUMMARY 

The converter clutch Is released, the forward sprag clutch Is holding, the forward clutch is applie~;., 
the transmission is in Drive CD) Range - First Gear. · 

..... ,77-7GOIM-lt1 

Figure 20 D4 - First Gear 



700-R4-24 TRANSMISSION DIAGNOSIS 

D-4 SECOND GEAR 
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Figure 21 D4 - Second Gear 
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TRANSMISSION DIAGNOSIS 700-R4-25 

D-4-SECOND GEAR 

2-4 BAID - APPUED FORWARD SPRAG CLUTCH - HOLDING FORWARD CLUTCH - APPLIED 

As both vehicle speed and governor pressure Increase, the force of the governor oil acting on the 1-2 
shift valve overcomes the pressure of M.T.V. up oil and the force of the 1-2 throttle valve spring. This 
allows the 1-2 shift valve to ope_n and Drive 4 (04) oil to enter the second (2nd) oil passage. This 
oil is called second (2nd) oil. Second oil from the 1-2 shift valve is directed to the following: 

1. 1-2 Shift Checkball (8) 

2. 2-4 Servo 

3. 1-2 Accumulator Piston 

4. Converter Clutch Shift Valve 

5. 3-4 Relay Valve 

BASIC CONTROL 

Second oil from the 1-2 shift valve will seat the 1-2 shift checkball 18) forcing 2nd oil through an orifice. 
Second oil is then directed to the 2-4 servo to apply the 2-4 band. At the same time, 2nd oil moves 
the 1-2 accumulator piston against accumulator pressure and the accumulator spring to maintain a 
controlled build-up of pressure on the servo during the 1-2 shift for a smooth band apply. 2nd oil at 
the converter clutch shift valve and the 3-4 relay valve is available for use in other ranges. 

Second oil is rerouted into converter clutch signal oil at the bore plugs used in place of the converter 
clutch shift valve. Converter signal oil exhausts at this solenoid until a signal is received from the vehicles 
E.C.M. 

SUMMARY 

The converter clutch is released, the 2-4 band is applied, the forward clutch is applied, and the for
ward sprag clutch is holding; the transmission is in Drive (0) Range - Second Gear. 

JH0178-700R4-fl1 

Figure 22 D4 - Second Gear 



700-R4-26 . TRANSMISSION DIAGNOSIS 

D-4 THIRD GEAR 
(CONVERTER CLUTCH APPLIED) 

Figure 23 D4 • Third Gea·r - Converter Clutch Applied 
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TRANSMISSION DIAGNOSIS 700-R4-27 

COOERTER ClUTCH - APPLIED 

FORWARD SPIIAG CLUTCH - NOLDIIG 

D-4-THIRD GEAR 
( Converter Clutch Applied} 

FORWARD CLUTCH - APPLED 

3-4 CLUTCH - APPi.JED 

As both vehicle speed and governor pressure· increase, the force of go~mor oil acting on the 2-3 
shift ~alve overcomes th~ force of the 2-3 T.V. spring and M.T.V. up oil. This allows the 2-3 shift valve 
to open and allows RN0403 oil to ente~ the_ 3rd clutch passage. 

Third clutch oil from the 2-3 shift valve is directed to the following: 

1. 3-2 Exhaust Checkball (4) 

2. 3-4 Ch,rtch Piston 

3. Third Clutch Accumulator Checkball 12) 

4. Third Accumulator Exhaust Checkball (71 

5. 2-4 Servo (Release Side) 

6. 3-2 Control Valve 

BASIC CONTROL 

Third clutch oil from the 2-3 shift valve flows past the 3-2 exhaust checkball (4), to the 3-4 clutch 
piston. At the same time, third clutch oil is directed past the third clutch accumulator checkball (2), 
seats the third accumulator exhaust check ball 17), and then into the release side of the 2-4 servo. 
This· third clutch accumulator pressure combined with the servo c\,lshion spring, moves the second 
apply piston, in the 2-4 servo, against second oil and acts as an accumulator for a smooth 2-4 band 
release and 3-4 clutch apply. 

Third clutch oil is present at the 3-2 control valve in preparation of a third gear to second gear shift. 

Once the solenoid receives a signal from the vehicles controls and solenoid is on, converter clutch 
signal oil will shift the converter clutch apply valve, and redirect converter feed oil into the apply passage. 
The apply oil flows between the stator shaft and converter hub to charge the converter with oil and 
push the converter pressure plate against the converter cover, causing a mechanical link between 
the engine and the turbine shaft. The rate of apply is controlled by the orifice checkball capsule in 
the end of ·the turbine shaft. · 

At the same time the converter clutch apply valve will direct converter feed oil through an orifice to 
the transmission cooler. Cooler oil is directed to the transmission lybrication system. 

·suMMARY 

The converter clutch is applied*, the forward clutch is applied, the forward sprag· clutch is holding, 
the 3-4 clutch is applied and the 2-4 band is released; the transmission is in Drive (DI Range - Third 
Gear (direct drive). 

•The converter clutch may or may not be epplied, depending on shift calibration and solenoid operation. 
JM01 S0.700R4 

Figure 24 D4 - Third Gear - Converter Clutch Applied 



700-R4-28 TRANSMISSION DIAGNOSIS 

D-4 OVERDRIVE 

NIP 

I 

~ 

Figure 25 D4 • Overdrive 
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TRANSMISSION DIAGNOSIS 700-R4-29 

D-4-0VERDRIVE 

COIVERTEI CllllCH - APPLIED 
FORWAIID CLUTCH - APPI.IED 

3-4 CLUTCH - APPLIED 2-4 BAIO - APPLIED 
FORWARD SPRAG CLUTCH - ■or HOLDING 

As both vehicle speed and governor pressure Increase,. the force of governor oil acting on the 3-4 
shift valve overcomes the force of the 3-4 T.V. spring and M.T.V. up oil. This opens the 3-4 shift valve 
sending Drive 4 (04) into the fourth signal passage. Fourth signal oil will overcome the 4-3 sequence 
valve spring and open the 3-4 relay and the 4-3 sequence valves, allowing second oil to enter the 
servo feed passage. 

Servo feed oil is directed to the following: 

1. 2-3 Shift Valve 

a. Which directs oil to the: 

1) 3-4 Accumulator 

2) 4-3 Sequence Valve 

2. 4-3 Sequence Valve 

a. Which directs oil to the: 

1) 4th Apply Piston (in the 2-4 s~rvo) 

BASIC CONTROL 

Servo feed oil passes through the 4-3 sequence valve and becomes fourth oil. Fourth oil then enters 
the 2-4 servo, applies pressure on the fourth apply piston, and applies the 2-4 band. 

SUMMARY 

The converter cl~ch•, 2-4 band, forward clutch, the 3-4 clutch are applied, and the forward sprag 
clutch is overrunning; the transmission is in Drive (D) Range - Overdrive. 

•The converter clutch may or may not be applied, depending on solenoid operation. 

JH0181-700R~1 

Figure 26 04 - Overdrive 



700-R4-30 TRANSMISSION DIAGNOSIS 

PART THROTTLE 
4-3 AND MODULATED DOWNSHIFTS 
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Figure 27 Part Throttle 4.3 and Modulated Downshifts, Valves Shown in Third Gear Position 



TRANSMISSION DIAGNOSIS 700-R4-31 

PART THROTTLE 4-3 AND MODULATED DOWNSHIFTS 

COIVERTER CL&n'CH - . APPUED• 
FORWARD SPRAG CLUTCH - HOLDING 

(Valves In Third Gear Position) 

FORWARD CLUTCH - APPUED 
3-4 CLUTCH ,... APPLIED 

A part throttle 4-3 downshift can be accomplished by depressing the accelerator pedal far enough 
to move the throttle valve (T.V.) plunger to allow the T.V. oil to enter the part throttle (P.T.) passage. 
This oil, called part throttle (P.T.) oil, is then routed to the 3-4 throttle valve. 

Part throttle oil and the 3-4 throttle valve spring force will close the 3-4 shift valve against governor 
pressure, shutting off D4 oil to the fourth signal passage. Fourth accumulator oil will push the 3-4 
relay valve closed and hold the 4-3 sequence valve open while it exhausts at an orifice at the T.V. · 
limit valve. Fourth oil will pass through the 4-3 sequence valve to the servo feed passage to the 2-3 
shift valve to the fourth accumulator passage. When fourth accumulator pressure is low enough, the 
4-3 sequence valve spring will close the 4-3 sequence valve and the remaining fourth and fourth 
accumulator oil will exhaust at the 4-3 sequence valve. 

A type of part throttle downshift can be accompllshed in some ranges (4-3, and 3-2, shifts) by 
depressing the accelerator pedal far enough to raise M.T.V. down pressure. This pressure when com
bined with the throttle valve spring pressure can overcome governor pressure and cause a modulated 
downshift. 

•The converter clutch will be released "for the 4-3 downshift and may or may not be reapplied depending on shift calibration 
and solenoid operation. 

JH0182-700R4-R1 

Figure 28 Part Throttle 4-3 and Modulated Downshifts 



700-R4-32 TRANSMISSION DIAGNOSIS 

DETENT DOWNSHIFTS 

Figure 29 Detent Downshifts, Valves Shown in Second Gear Position 
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COIYEfflR ClUTCH - RELEASED 

FORWARD CllllCH - APPLIED 

TRANSMISSION DIAGNOSIS 700-R4-33 

DETENT DOWNSHIFTS 
(Valves In Second Gear Position) 

2-4 BAIO - APPLIED 

FORWARD SPRAG CLUTCH - HOLDIIG 

While operating at speeds below approximately 60 mph (96 km/h), a forced or detent 3-2 downshift 
is possible by depressing the accelerator pedal fully. This will position the throttle valve (TN.) 
plunger to allow T.V. oll to enter the detent passage. This oil, called detent oil, is then routed to 
the following: 

1. Line Bias Valve 

2. 2-3 Throttle Valve 

3. 1-2 Throttle Valve 

4. Converter Clutch Throttle Valve (Non E.C.M. Controlled Vehicles Only) 

Detent oil from the T.V. plunger flows to the line bias valve to boost modulated T.V. (M.T.V.) pressure. 
M.T.V. oil acting on the T.V. boost valve will boost line pressure approximately 70 kPa (10 psi). 

The E.C.M. will discontinue the signal provided to the solenoid to release the converter clutch. 

Detent oil from the T.V. plunger flows to the 2-3 throttle valve. Oetent and M.T.V. down oil, acting 
on separate areas of the 2-3 throttle valve, will close the 2-3 shift valve against governor oil and allow 
3rd clutch and 3rd accumulato_r oil to pass through an orifice and exhaust at the 2-3 shift valve. 

At vehicle speeds above approximately 50 mph (80 km/h), governor oil acting on the 3-2 control valve 
will close it Now the exhausting 3rd clutch accumulator oil from the intermediate servo will seat the 
3rd clutch accumulator checkball (2) and flow through another orifice controlling the intermediate 
band apply for a smooth 3-2 shift at high speed. 

A detent 2-1 downshift can be accomplished at speeds below approximately 30 mph (48 km/h), 
because detent oil pressure and the 1-2 spring force acting on the 1-2 throttle valve will close the 
1-2 shift valve, shifting the transmission to first gear. 

JH0183,700RL~1 

Figure 30 Detent Downshifts 



700-R4.34 TRANSMISSION. DIAGNOSIS 

MANUAL THIRD 

111111-

Figure 31 Manual. Third 
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COIVEITER CUl11:H - RB.USED 

FORWARD CLUTCH - APPLIED 

MANUAL THIRD 

TRANSMISSION DIAGNOSIS 700-R~5 

IMRRUI CLUTCH - APPLIED 

3-4 CLUTCH - APPLIED 

A forced 4-3 downshift can be accomplished by moving the selector lever from Drive (0) Range to 
Third (3rd) Gear. When the selector lever is moved to the Third (3rd) Gear position, 03 oil from the 
manual valve is directed to the following: 

1. 4-3 Sequence Valve 

2: Part Throttfe and Drive 3 (03) Checkball (3) 

3. 3--4 Shift Valve 

03 oil will close the 3-4 shift valve and allow the 4th signal oil to exhaust. 

D3 oil combined with the 4-3 sequence valve spring force will close the 4-3 sequence valve to allow 
the fourth and fourth accumulator oil to exhaust and release the band. 03 oil then flows into the over
run clutch passage where It applies the overrun clutch to keep the forward sprag clutch from over
running when engine braking is needed. 

The forward and 3--4 clutches are applied. The 2--4 band is released. The transmission is in Manual 
Third, direct drive. The overrun clutch is applied to allow engine braking. 

In manual 3rd, the converter is shown released, and there is no M.T.V. up or M.T.V. down pressure. 
This is assuming the throttle is released. If the throttle is opened sufficiently, the E.C.M. could signal 
the solenoid to apply the converter clutch and the M.T.V. up and M.T.V. down valves could open. 

JH01 fl.4.700114-R 1 

Figure 32 Manual Third 



700-R4-36 TRANSMISSION DIAGNOSIS 

MANUAL SECOND 

Figure 33 Manual Second 
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COIVERTER CLUTCH - RELEASED 

OVERRUN ClUlCH - APPLIED 

TRANSMISSION DIAGNOSIS 700-R4-37 

MANUAL SECOND 

2-4 BAND - APPLIED 

FORWARD ClUlCH - APPLIED 

A forced 3-2 downshift can be accomplished by moving the selector lever from Third (3rd) Gear to 
Second (2nd) Gear position. 

When the selector lever is moved to the Second (2nd) Gear position, RN04D3, 3rd clutch, and 3rd 
accumulator oil will exhaust at the manual valve. With no pressure to apply the 3-4 clutch, or release 
the 2-4 band, the transmission will shift to second gear. 

The manual valve will also direct line pressure into the D2 passage. Drive 2 (021 oil will act on the 
reverse boost valve to boost line pressure to 1206 kPa {175 psi) which is required to prevent the 2-4 
band and forward clutch from slipping. 

SUMMARY 

The forward clutch and 2-4 band are applied. The transmission is in second gear. Also, the overrun 
clutch is still applied to allow engine braking when needed. 

JH0185-700R4 

Figure 34 Manual Second 



700.R4-38 TRANSMISSION DIAGNOSIS 

MANUAL LO 

Figure 35 Manual Lo 
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CONVERTER CLUTCH - REI.EASED 

FORWARD CLUTCH - APPLIED 

MANUAL LO 

_ TRANSMISSION DIAGNOSIS _700-R4-39 

OYERRUI ClUTCH - APPLIED 

LO ROLLER ClUTCH - APPLIED 

Maximum downhill braking can be obtained at speeds below 30 mph (48 km/h) with the selector 
in Lo (1st) range. Lo/1st oil pressure, which is 1206 kPa (175 psi}, is the same as second (2nd) oil pressure 
because second (02) oil is still present. · · 

Lo oil from the manual valve is directed to the following: 

1. 1-2 Shift Valve Train 

2. Lo and Reverse Clutch 

3. Lo Overrun Valve 

Lo oil at the 1-2 T.V. valve combined with the 1-2 throttle valve soring force will close the 1-2 shift 
valve at speeds approximately 35 mph (56 km/hi or below. This ,lows 2nd oil to exhaust, releasing 
the 2-4 band, and lo oil to apply ,the lo and reverse clutch. 

Lo/1st oil coming off the 1-2 T.V. valve is directed toward the lo overrun valve that regulates lo/reverse 
oil. This smoothes the 2-1 manual downshift for maximum engine braking. 

SUMMARY 

The forward clutch is applied. The lo and reverse, and the overrun clutch are applied to allow engine 
braking. The 2-4 band is released, the transmission is in Lo Range - First Gear. 

JH01811-700R4 

Figure 36 Manual Lo 



700-R4-40 TRANSMISSION DIAGNOSIS 

REVERSE 

Figure 37 Reverse 
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TRANSMISSION DIAGNOSIS 700-R4-41 

REVERSE 

REVERSE INPUT CLUTCH - APPLIED LO AND REVERSE CLUTCH - APPLIED 

When the selector lever is moved to the Reverse (R) position, the manual valve is repositioned to allow 
line pressure to enter the reverse passage which tiirects oil to the following: 

1. Lo and Reverse Clutch 

2. Reverse Input Clutch 

3: Reverse Boost Valve 

4. Lo Overrun Valve 

Reverse oil is orificed at the retainer and ball assembly, and regulated at the lo overrun valve to apply 
the lo and reverse clutch. 

Reverse oil is orificed into the reverse input clutch and orificed out of the reverse input piston for a 
smooth apply of the reverse input clutch during the shift. 

Reverse oil acting on the reverse boost valve in the pressure regulator will boost line pressure to 
approximately 670 kPa noo psi). M.T.V. oil from the line bias valve acting on the T.V. boost valve, 
in the pressure regulator, will further boost line pressure from 670 kPa {100 psi) at idle to 1690 kPa 
(245 psi) at full throttle. 

SUMMARY 

The reverse input clutch is applied. The lo and reverse clutch is applied. The transmission is in 
Reverse (R). 

JH0187-700R4 

Figure 38 Reverse 



700-R442 TRANSMISSION DIAGNOSIS 

TERMINAL A TO 
4-3 DOWNSHIFT SW . 
(COLOR ID-RED) 

.4-3 DOWNSHIFT SW 

4-3 PULSE · 
(N.C.) \!.c.c. SOL 

(N.0. OrL PATH) 

0.5 AMPSi~- ----\--7 
+ 12V 

1 
_ I 

0.010 AMPS I B I 
+ 12V ~ I ... di I 
GROUND,! D I 

I . : 
L __________ J 

4TH DISCREET 
SW(N.C.) 

J '!(COLOR ID-BLACK BODY) 
o , ;- 2 TERMINALS 

~~
71

; ,4TH CL TERMINAL 

NORMALLY OPEN (N.O.) 
NORMALLY CLOSED (N.C.) 

' (COLOR ID-BLUE) 

rr:'\ t 1 4TH CLUTCH SW 
V \ I (COLOR ID-METALLIC 

) II AND WHITE) 
-i- _:.,~~-~ SINGLE TERMINAL 

"""====:I::::-:::===-±=-~==-=--=-=-=-=-=-=~=-=-=-~-- OPTIONAL 4TH CL SW 
POS. SOL TERMINAL 
TO 4-3 SWITCH 
(COLOR ID-RED) 

NEG. SOL TERMINAL (COLOR ID-METALLIC 
TO TERMINAL D & BLACK) 
(CCC GROUND) 
(COLOR ID-BLACK) 

Figure 39 Wiring Diagram - Type 4 · 

-~ 
ffl-----R--f-'.• TERMINAL A TO 

POS T.C.C. SOL 
(COLOR ID-RED) 

~7:BOJii~+-1,!...;, TERMINAL D TO 

I 
NEG. T.C.C. SOL 

. 
' 

I 
' 

~------~ ,-1 

(COLOR ID-BLACK) 

--------------~"' 

T.C.C. SOLENOID 
(COLOR ID-DK G_REEN) 

Figure 40 Wiring Diagram - Type 6 

TYPE 4 

1989 MODEL: YTM 

JH0034-700R4-RZ 

T.C.C. SOL 
(N.O. OIL PATH) 

0.5 AMPS~--- ---,---j 
+12V ~ 1 

}e I 
io I 

GROUND>=------~ I 
I I 
L _________ J 

NORMALLY OPEN (N.O.) 
NORMALLY CLOSED (N.C.) 

TYPE 6 

1989 MODELS: MCM, PRM 

JH0036-700R4-RZ 



[ ! r 
•, I I 

I 

---·· ·-
-L- -•- -! ----- ·---·-

OLENOID 
BLY 

ID-ORANGE) 

TERMINAL A TO 
SOL POS. SIDE 
(COLOR ID-RED) 

TRANSMISSION DIAGNOSIS 70~R4-43 

T.C.C. SOL 
(N .O. OIL PATH) · 

TERMINAL B TO O.SAMPSiA _____ \ --7 
4TH CLUTCH SWITCH . + 12V ➔•~-----rr I 
(COLOR ID-W.HITEI 0.010 AMPS le I 

+ 12V . · - >'} • 1 I 
• m I 

GROUND~~--------- I 4TH CL TERMINAL 
- (COLOR ID-BLUE) I . J 

[__ __ . ------

NEG. SOL TERMINAL POS. SOL TERMINAL 
TO TERMINAL D (COLOR ID-RED} 
(CCC GROUND} 
(COLOR ID-BLACK) 

OPTIONAL 4TH CL SW 
(COLOR ID-METALLIC 
& BLACK} 

4TH DISCREET 
SW(N.C.) 

NORMAUY OPEN IN.O.) 
NORMAUY CLOSED (N.C.J 

TYPE 9 

1989 MODELS: FKM, FXM, 
YDM, YMM, YUM, YXM, 
YZM 

JH0038-700A4-A2 

Figure 41 Wiring Diagram - Type 9 

CCC PATTERN 
SHIFT 4TH CLUTCH B 
SIGNAL 

I I 
4TH CLUTCH TERMINAL 

I I (COLOR 1.0. BLUE) 

,! 1 : OPT-4TH CLUTCH SWITCH 
j SINGLE TERMINAL 

1 
(COLOR 1.0. METALLIC 
WHITE) 

TYPE 18 

SOLENOID NEGATIVE SOLENOID 4TH CLUTCH SWITCH 

1989 MODELS FMM. MAM, MOM, 
MFM,MKM,MLM,MPM,MRM, 
MWM, MXM, MZM, THM, T JM, 
TKM TLM TUM, TXM YNM, YPM ASM. COMPLETE 

(COLOR 1.0. 
LGT. BROWN) 

TERMINAL TO TEMP SIGNAL TERMINAL 
SWITCH (COLOR 1.0. (COLOR 1.0. METALLIC 
BLACK) AND BLACK) 

KH0210-700A4 

Figure 42 Wiring Diagram - Type 18 



700-R4-44 TRANSMISSION DIAGNOSIS 

PIPE PLUG -T=f====;r==-==-=-==;::::...,...-./. 
'---.;:;;3 REQ'D -

SOLENOID ASM. NEGATIVE SOLENOID 
COMPLETE TERMINAL TO TEMP 
(COLOR I.D. SWITCH (COLOR 1.D. 
LT. GREEN) BLACK) 

Figure 43 Wiring Diagram - Type 19 

~ PIPE PLUG=K=-===::;==-=-=--:=:i=-.-
~ 3 REQ' D 

SOLENOID ASM. 
COMPLETE 
(COLOR 1.D. 
DK. BLUE) 

NEGATIVE SOLENOID 
TERMINAL TO TEMP 
SWITCH (COLOR 1.D. 
BLACK) 

Figure 44 W iring Diagram - Type 21 

TYPE 19 
1989 MODELS MHM PAM PBM 
PCM, TNM , ' - ' 

KH0211 -700R4 

TYPE 21 
1989 MODELS HBM, HOM 

KH0212-700R4 



1 LINE 
2 D4 
3 D2 
4 LO 
5 REVERSE 
6 GOVERNOR 
7 LO - 1ST FEED 
8 LO/REVERSE 

0 
. ..,.,. -=:r .. 

-~2 4: . 
·=···· :: "" 
••• it' 

9 ·- 3RD ACCUMULATOR 
10 T.V. 
11 M.T.V. 
12 ACCUMULATOR 
13 4TH SIGNAL 
14 2ND CLUTCH 
15 3-4 ACCUMULATOR 

16 T.V.F. 
17 OVERRUN CLUTCH 
18 T.V. EX. 
19 03/PART THROTTLE 
20 PART THROTTLE 
21 03 
22 4TH CLUTCH 
23 C.C. SIG. 
24 MOO. UP 
25 MOD. DOWN 
26 DETENT 
27 3-4 CLUTCH 
28 DETENT/LO 
29 RND4-3 
30 3RD CLUTCH 

Figure 45 Valve Body Passages 

TRANSMISSION DIAGNOSIS 700~R445 

31 IDENTIFICATION 
32 VOID 
33 EXHAUST 
34 SF 
35 4-3 
42 D4 ABUSE 
43 3RD FEED 
44 3-2 HIGH SPEED 
45 2ND FEED 
46 3RD CL. EXHAUST 
47 4TH FEED 
48 1-2 ACCUMULATOR 

JH0042-700R4 



700-R4-46 TRANSMISSION DIAGNOSIS 

ILL. 

352 
341 
334 
335 
343 
351 
331 

332 

352 

NO. DESCRIPTION 
301 VALVE, T.V. MODULATOR DOWNSHIFT 
302 SPRING, T.V. MODULATOR DOWNSHIFT 

VALVE 
303 VALVE, T. V. MODULATOR UPSHIFT 
304 SPRING, T.V. MODULATOR UPSHIFT VALVE 
309 SLEEVE, 3-4 THROTTLE VALVE 
310 SPRING, 3-4 THROTTLE VALVE 
311 VALVE, 3-4 THROTTLE 
31 2 VALVE. 3-4 SHIFT 
313 SLEEVE, 2-3 THROTTLE VALVE 
314 SPRING, 2-3 THROTTLE VALVE 
315 VALVE, 2-3 THROTTlE 
316 VALVE, 2-3 SHIFT 
317 SLEEVE, 1-2 THROTTLE VALVE 
318 SPRING, 1-2 THROTTLE VALVE 
319 VALVE. 1-2 THROTTLE 
322 VALVE, 1-2 SJ-tlFT 
323 SLEEVE, THROTTLE VALVE PLUNGER 
324 PLUNGER, THROTTLE VALVE 
325 SPRING, THROTTLE VALVE 
326 VALVE,THROTTLE 
328 VALVE, 3-4 RELAY 
329 VALVE, 4-3 SEQUENCE 

ILL. 
NO. DESCRIPTION 
330 SPRING, 4-3 SEQUENCE VALVE 
331 SPRING, T.V. LIMIT VALVE 
332 VALVE, T.V. LIMIT 
333 VALVE, 1-2 ACCUMULATOR 
334 SLEEVE. 1-2 ACCUMULATOR VALVE 
335 SPRING, 1-2 ACCUMULATOR VALVE 
336 VALVE, LINE BIAS 
337 SPRING, LINE BIAS VALVE 
338 SPRING, 3-2 CONTROL 
339 VALVE, 3-2 CONTROL 
340 VALVE, MANUAL 
341 PIN, COILED SPRING 
342 PIN, COILED SPRING 
343 RETAINER. SPRING {SLEEVEI 
344 PLUG, VALVE BORE 
350 BODY, CONTROL VALVE 
351 PLUG, T.V. LIMIT 
352 PLUG, VALVE BORE {12 .5 - O.D .) 
354 PLUG, CONV. CLUTCH SHIFT VALVE BORE 
355 PLUG, CONV. CLUTCH T.V. BUSHING BORE 

JH004 -700R4-R1 

Figure 46 Valve Trains 



TRANSMISSION DIAGNOSIS 700-R4-47 

rn 
3Q 04 

9•o 
43 

2so o □ • 1. 04 • 3 
D 06 26 02 

0 4Q 5 
1 © • 2aO D 0 Os 5Q 0 0 9CJ 7 0 Oa ~ 

10 2 sO Oa • 44 30 14 0 

□11 
0 0 0 C)14 Do 5 

• 0 0 0 045 27 10 • as 
27 .46 0 °K· • 26 26 08 

20 D • D 
110 •10 6 11 0 so D 0 

017 26 13 

017 
0 
17 

• • 24 Os □• 25 23 
/'oO24 

10 

D 0 
10 

01 • 16 

0 • 0 D 23 10 10 

10. 

ILL. 
NO. 

1 LINE 
2 D4 
3 D2 
4 LO 

DESCRIPTION 

5 REVERSE 
6 GOVERNOR 
7 LO - 1ST FEED 
8 LO/REVERSE 
9 3RD ACCUMULATOR 

10 T.V. 
11 M.T.V. 
12 ACCUMULATOR 
13 4TH SIGNAL 

2o 

0 
16 

026 11 er::-
15 o Do D. 1 1s 

l) 
22 

14 

0 0 
20 

D 
19 

180 0 

ILL. 
NO. 

17 

0 
21 

DESCRIPTION 
14 2ND CLUTCH 
15 3-4 ACCUMULATOR 
16 T.V.F. 
17 OVERRUN CLUTCH 
18 T.V. EX. 
1 9 03/PART THROTTLE 
20 PART THROTTLE 
21 03 
22 4TH CLUTCH 
23 C.C. SIG. 
24 MOD. UP 
25 MOD. DOWN 
26 DETENT 

Figure 47 Typical Spacer Plate 
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12 

012 

• D 
12 D 

13 

120 o• 11· 15 

012 

Ots 
eo48 

ILL. 
NO. DESCRIPTION 
2 7 3-4 CLUTCH 
28 DETENT /LO 
29 RND4-3 
30 3RD CLUTCH 
31 IDENTIFICATION 
42 04 ABUSE 
43 3RD FEED 
44 3-2 HIGH SPEED 
45 2ND FEED . 
46 3RD CL. EXHAUST 
47 4TH FEED 
48 1-2 ACCUMULATOR 

• 

JH0044-700R4-R1 



700-R4-48 TRANSMISSION DIAGNOSIS 

c::J5 05 
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11 10 
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D 
26 
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o G G 012 

0 
13 011 ----.. • D 11 16 0 Q12 ~ 

0 ~ 15 • 

17 

-~ 0 
10 ~o 09 

0 G 24 

10 

• 16 

0 
23 
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23 

□• 
0 
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LJ 

D 
26 

0 
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16 

,s U ."D - Do 
@J• 1 p 12 D 
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t40 u 
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1 LINE 
2 D4 
3 D2 
4 LO 
5 REVERSE 
6 GOVERNOR 
7 LO - 1ST FEED 
8 LO/REVERSE 
9 3RD ACCUMULATOR 

10 T.V. 
11 M.T.V. 
12 ACCUMULATOR 
13 4TH SIGNAL 

14 2ND CLUTCH 
15 3-4 ACCUMULATOR 
16 T.V.F. 
1 7 OVERRUN CLUTCH 
18 T.V. EX. 
19 D3/PART THROTTLE 
20 PART THROTTLE 
21 D3 
22 4TH CLUTCH 
23 C.C. SIG. 
24 MOD. UP 
25 MOD. DOWN 
26 DETENT 

Figure 48 Spacer Plate to Valve Body Gasket 

27 3-4 CLUTCH 
28 DETENT/LO 
29 RND4-3 
30 3RD CLUTCH 
31 IDENTIFICATION 
42 D4 ABUSE 
43 3RD FEED 
44 3-2 HIGH SPEED 
45 2ND FEED 
46 3RD CL. EXHAUST 
47 4TH FEED 
48 1-2 ACCUMULATOR 

.JH004S.700R4 
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TRANSMISSION DIAGNOSIS 700-R4-49 

60 

~ 1 4Q 
DDo 

(I) 

G) cJe Os so • 06 

0 ~ 9 C) 28 7 
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sO Os ~ 
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011 • 
110 010 °2 

110 

017 
D 
26 

e 024 0° 
25 

23 o o"O □ 24 

8 D 10 09 

0 
22 • 0 

23 
0 OB 10 10 

1 LINE 
2 04 
3 02 
4 LO . 
5 REVERSE 
6 GOVERNOR 
7 LO - 1 ST FEED 
8 LO/REVERSE 

100 

9 3RD ACCUMULATOR 
10 T.V. 
11 M.T.V. 
12 ACCUMULATOR 
13 4TH SIGNAL 

so 0 
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D 
26 • 

--□□ 
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c::J 
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0 
14 

14 2ND CLUTCH 
15 3-4 ACCUMULATOR 
16 T.V.F. 
1 7 OVERRUN CLUTCH 
18 T.V. EX. 
1 9 03/PART THROTTLE 
20 PART THROTTLE 
21 03 
22 4 TH CLUTCH 
23 C.C. SIG. 
24 MOD. UP 
25 MOD. DOWN 
26 DETENT 

Figure 49 Spacer Plate to Case Gasket 

00,2 

2 7 3-4 CLUTCH 
28 DETENT/LO 
29 RND4-3 
30 3RD CLUTCH 
31 IDENTIFICATION 
42 04 ABUSE 
43 3RD FEED 
44 3-i HIGH SPEED 
45 2ND FEED 
46 3RD CL. EXHAUST 
47 4TH FEED 
48 1-2 ACCUMULATOR 

JH00411-700R4 



700-R4-50 TRANSMISSION DIAGNOSIS 

PASSAGES 
1 LINE 
2 04 
3 02 
4 LO 
5 REVERSE 
6 GOVERNOR 
7 LO· 1ST FEED 
8 LO/REVERSE 
9 3RD ACCUMULATOR 

10 T.V. 
11 M.T.V. 

47A 

12 ACCUMULATOR (4TH) 
13 4TH SIGNAL 
14 2ND CLUTCH 
1 5 3-4 ACCUMULATOR 
16 T.V.F. 
1 7 OVERRUN CLUTCH 

. 18 T.V. EX. 
19 03/PART THROTTLE 
20 PART THROTTLE 
21 D3 
22 4TH CLUTCH 
23 C.C. SIG. 
24 MOD. UP 
25 MOD. DOWN 
26 DETENT 
27 3-4 CLUTCH (3-2 EX) 
28 DETENT/LO 
29 RND4-3 
42 04 ABUSE 
43 3RD FEED 
44 3-2 HIGH SPEED 
45 2ND FEED 
46 3RD CL. EXHAUST 
47 4TH FEED 
48 1-2 ACCUMULATOR 

1 LINE 
3 DR-2 
5 REVERSE 

11 M.T.V. 
17 O.R. CLUTCH 
23 CONV. CL. SIG. 

4 

COMPONENTS 55F #8 CHECK BALL I2ND/1-2I 
47A GOVERNOR FILTER LOCATION 55G 1#1 CHECK BALL 14TH ACCUMULATOR) 
478 CONVERTER CLUTCH FILTER LOCATION 55H #3 CHECK BALL (PART THROTTLE/DRIVE 3) 
66E #4 CHECK BALL (3-4 CLUTCH/3-2 EX.) 106 RETAINER & BALL ASM. IDOUBLE-ORIFICEI 

108 

JH0047-700R4-R1 

Figure 50 Case Passages and Checkball Locations 

27 3-4 CLUTCH 
32 VOID' 
36 VENT 

32 

49 

39(a) LUBE TO COOLER 
39(bl LUBE FROM COOLER 

49 PRESSURE TAP 

JH 48-700R4 

A B 

A CASE SERVO BORE 
B SERVO EXHAUST HOLE 
C 2ND & 4TH BAND APPLY PASSAGE · 
D 3RD ACCUMULATOR PRESSURE TAP PASSAGE 

80 RETAINER & BALL ASSEMBLY, 3RD ACCUM. 
86 PLUG,CASESERVO 

J 

Figure 51 Pump to Case Passages Figure 52 Servo Passages 



A B C F 

I itii1J/;0i'.it{\\j) 

~ i-.'=' 

80 

31 

A 4TH OIL 
B 3RD ACCUMULATOR OIL 
C VALVE BODY FACE 
D OIL PAN FLANGE 
E EXHAUST 
F -2NO OIL 

l f 
'I t 

14 SEAL, "O" RING (2-4 SERVO COVER) 
15 COVER, 2-4 SERVO 
16 PISTON, 4TH APPLY 
17 RING, OIL SEAL (4TH APPLY PISTON) 

(OUTER) 
18 RING, RETAINER (APPLY PINI 
19 WASHER, SERVO APPLY PIN 
20 SPRING, SERVO APPLY PIN 

TRANSMISSION.-DIAGNOSIS 700-R4-51 

E D 

17 

21 SEAL, "O" RING 
22 HOUSING, SERVO PISTON (INNER) 
23 RING, OIL SEAL (2ND APPLY PISTON) (INNER) 
24 RING, OIL SEAL (2ND APPLY PISTON) (OUTER) 
25 PISTON, 2ND APPLY 
26 SPRING, SERVO CUSHION 
27 RETAINER, SERVO CUSHION SPRING 
28 RING, RETAINER (2ND APPLY PISTON) 
29 PIN, 2ND APPLY PISTON 
31 SPRING, SERVO RETURN 
80 RETAINER & BALL ASSEMBLY, 3RD ACCUM. 
86 PLUG, CASE SERVO 

JH0050-700R4 

Figure 53 Servo Assembly 



700-R4-52 TRANSMISSION DIAGNOSIS 

1 LINE 
3 02 
5 REVERSE 

11 MODULATED T.V. 
1 7 OVERRUN CLUTCH 
23 CONVERTER CLUTCH SIGNAL 
27 3-4 CLUTCH 
32 VOID 
33 EXHAUST 
33(al EXHAUST (T.C.C. RELEASE) 
331bl EXHAUST (PRESS. REG.) 
36 VENT 
37 DECREASE 
38 SEAL DRAIN 
39 LUBE 
391al LUBE TO COOLER 
391bl LUBE FROM COOLER 
40 CONVERTER CLUTCH RELEASE 
41 CONVERTER CLUTCH FEED 

1 LINE 
3 02 

Figure 54 Pump Cover Passages 

5 REVERSE 
11 MODULATED T.V. 33b 
1 7 OVERRUN CLUTCH 
23 CONVERTER CLUTCH SIGNAL 
27 3-4 CLUTCH 
32 VOID 
33 EXHAUST 
33(al EXHAUST (T.C.C. RELEASE) 
33(bl EXHAUST (PRESS. REG.) 
36 VENT 
37 DECREASE 
38· SEAL DRAIN 
39 LUBE 
39(a) LUBE TO COOLER 
39(b) LUBE FROM COOLER 
40 CONVERTER CLUTCH RELEASE 
41 CONVERTER CLUTCH .FEED 

Figure 55 Pump Body Passages 
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TORQUE CONVERTER CLUTCH (TCC) 
DIAGNOSIS 

To properly diagnose the Torque Converter 
Clutch (TCC) system, perform all electrical 
testing first and then the hydraulic testing. Refer 
to the Torque Converter Section 6E2-C8 for 
additional information. 

The TCC is applied by fluid pressure which is 
controlled by a solenoid located inside the Automatic 
Transmission assembly. The solenoid is energized or 
released by making or breaking an electrical circuit 
through a combination of switches and sensors. 

TCC Electrical Diagnosis 

• For electrical diagnosis of TCC, refer to the 
specific vehicle section in Section 8A, Electrical 
Diagnosis. 

• For diagnosis of emission control related 
components of TCC, Refer to the specific section 
of 6E, Driveability and Emissions. 

• For diagnosis of TCC Hydraulic Controls, refer 
to the Fluid Flow and Circuit Description, and 
Wiring Diagrams provided in this section. 

Functional Check Procedure 

IZ.•I Inspect 
1. Install a tachometer 

2. Operate the vehicle until proper operating 
temperature is reached 

3. Drive vehicle at 50-55 mph (80-88 km/h) with 
light throttle (road load) 

4. Maintaining throttle, lightly touch the brake 
pedal and check for release of the TCC and a 
slight increase in engine RPM. 

5. Release the brake, slowly accelerate and check for 
a re-apply of the converter clutch and a slight 
decrease in engine RPM. 

Preliminary Checking Procedure 

The purpose of this preliminary checking 
procedure is to isolate external ( electrical) problems 
from internal ( electrical or mechanical) ones. 

[I] Important 

• Use only high impedance type ohmmeters. 

• An ALDL scanner may be used to verify the 
electrical circuit. Remember, a completed circuit 
does not indicate that the solenoid will apply. 

• Do not bench test using an automotive type 
battery. Accidentally crossed wires will damage 
the internal diodes of the TCC solenoid. 

TRANSMISSION DIAGNOSIS 700-R4-53-

External Controls 

f Z.•I Inspect 
• Connect voltmeter between transmission 

connector and ground. 
• Turn key "ON" 
• If O or low voltage is found, ref er to Sections 6E 

and 8A for electrical diagnosis. 
• If 12 volts are present at the connector, refer to 

the TCC hydraulic diagnosis. 

TORQUE CONVERTER EVALUATION 

Torque Converter Stator 
The Torque Converter Stator roller clutch can 

have one of two different type malfunctions: 
A. Stator Assembly freewheels in both 

directions. 
B. Stator Assembly remains locked up at all 

times. 

Condition A-Poor Acceleration Low Speed 
The vehicle tends to have poor acceleration from 

a standstill. At speeds above 30-35 mph (50-55 km/h), 
the car may act normal. If poor acceleration is noted, 
it should first be determined that the exhaust system 
is not blocked, the engine timing is correct and the 
transmission is in first (1st) gear when starting out 

If the engine freely accelerates to high r.p.m. in 
"NEUTRAL" (N), it can be assumed that the engine 
and exhaust system are normal. Checking for poor 
performance in °Drive" and Reverse will help 
determine if the stator is freewheeling at all times. 

Condition B-Poor Acceleration High Speed 
Engine r.p.m. and car speed limited or restricted 

at high speeds. Performance when accelerating from a 
standstill is normal. Engine may over-heat. Visual 
examination of the converter may reveal a blue color 
from over-heating. 

If the converter has been removed, the stator 
roller clutch can be checked by inserting a finger into 
the splined inner race of the roller clutch and trying to 
turn the race in both directions. The inner race should 
turn freely clockwise, but not furn or be very difficult 
to turn counterclockwise. 

The Converter Should Be Replaced If: 
• Leaks externally, such as at the hub weld area. 
• Converter has an imbalance which cannot be 

corrected. (Refer to Converter Vibration Test 
Procedure). 

• Converter is con!a,minated with engine coolant 
containing antifreeze. 

The Converter Should Not Be Replaced If: 
• The oil has an odor, is discolored, and there is no 

evidence of metal or clutch facing particles. 
• The threads in one or more of the three converter 

bolt holes are damaged. 
Correct with thread insert. (Refer to Section 
6A) 
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