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LE SHARO, UTILITY VAN, AND PHASAR BY WINNEBAGO INDUSTRIES

SERVICE MANUAL

This service manual describes and illustrates procedures for the removal, repair, and reinstallation of
individual components and assemblies of the Winnebago LeSharo, Utility Van, and Itasca Phasar vehicles,
also known cumulatively -as the "H" body.

Keep this manual available for ready reference. It will aid the technician in providing quality service and
repairs to the owners of the LeSharo, Utility Van, and Phasar vehicles.

The repair methods described in this manual are based upon the most recent information available at the
time of publication. Winnebago Industries, Inc., reservesthe right to make any changes without prior notice.

Winnebago Industries, Inc., reserves the right to make changes in design and to make additions to or
improvement in its products without imposing any obligation upon itself to make such changes,
improvements, or additions to products previously manufactured.

CAUTION
To properly reduce the chance of personnel injury and/or property damage, the following instructions
must be carefully observed.

Proper service and repair are important to the safety of the service technician and the safe, reliable
operation of all motor vehicles. If part replacement is necessary,the part must be replaced with one of the
same part number or with an equivalent part. Do not use a replacement part of lesser quality.

The service procedures recommended and described in this manual are effective methods of performing
service and repair. Some of these procedures require the use of tools specially designed for the purpose.

Accordingly, anyone who intends to use a replacement part, service procedure or tool, which is not
recommended by the vehicle manufacturer, must first determine that neither his safety nor the safe
operation of the vehicle will be jeopardized by the replacement part, service procedure, or tool selected.

It is important to note that this manual contains various "Cautions" and "Warnings" that must be carefully
observed in order to reduce the risk of personal injury during service or repair, or the possibility that
improper service or repair may damage the vehicle or render it unsafe. It is also important to understand
that these "Cautions" and "Warnings" are not exhaustive, because it is impossible to warn of all the
possible hazardous consequences that might result from failure to follow these instructions.

These vehicles contain some parts dimensioned in the metric system aswell as in the domestic system.Some
fasteners are metric and are very close in dimension to familiar customary fasteners in the inch system. It is
important to note that, during any vehicle maintenance procedures, replacement fasteners must have the
same measurements and strength as those removed, whether metric or domestic. (Numbers on the heads of
metric bolts and on surfaces of metric nuts indicate their strength. Domestic bolts use radial lines for this
purpose, while most domestic nuts do not have strength markings.) Mismatched or incorrect fasteners can
result in vehicle damage or malfunction, or possibly personal injury. Therefore, fasteners removed from the
vehicle should be saved for reuse in the same location unless otherwise indicated. Where the fasteners are
not satisfactory for reuse, care should be take to select a replacement that matches the original.

Winnebago Industries, Inc.
Forest City, Iowa 50436



TERM DEFINITIONS

Throughout this manual, you will find the
following headings which are an indication of the
direction given in the text:

Disassemble

Assemble

Remove or
Disconnect

Install or
Connect

Tighten

Adjust

Measure

Clean

Inspect

Important

Indicates that a component or
assembly be completely
disassembled.

Indicates that a component or
assembly be completely
reassembled.

Indicates that a part or assembly
be removed from the prescribed
component.

Indicates that a part or assembly
be installed to the prescribed
component.

Indicates that a specific torque
is required.

Indicates that an adjustment
procedure is required.

Indicates that a specific
measurement procedure is
required.

Indicates that all grease, oil,
dirt, and foreign material must
be removed from a part or
assembly.

Indicates that a part or assembly
must be checked as directed.

Indicates a special point of
information on assembly or
procedure.

CAUTION

WARNING
Indicates that a failure to observe can cause
damage to equipment or personal injury. This
symbol is used throughout the manual to alert
you to precautions that involve your personal
safety. Read and follow them carefully.

I
i

! /

J'

Indicates that a failure to observe can cause
damage to equipment.
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VEHICLE IDENTIFICATION
SPECIFICATIONS

The V.I.N. will identify the unit as either LeSharo, Utility Van, or Phasar. It also identifies the body type, the
specific model, the G.V.W.R. chassis, the engine type, the year of manufacture, the consecutive serial
number, and whether any major revisions have been made in the model line during the year.

REGISTERED 1.0.

BODY TYPE

B = Class B
C = Class C

MODEL SERIAL

B = 200

G. V.W.R. CLASS (FROM TABLE 1)

12 = CLASS B (3001# to 4000#)
13 = CLASS C (4001# to 5000#)
14 = CLASS 0 (5001# to 6000#)
15 = CLASS E (6001# to 7000#)

ENGINE TYPE

M = Gas 2.20 Litre (134.2 CID)
Z = Diesel 2.068 Litre (126.2 CID)
Y = Diesel 2.068 Litre (126.2 CID) Turbocharged

CHECK DIGIT

MODEL YEAR

H = 1987
J = 1988
K = 1989

PLANT OF MANUFACTURE

F = FOREST CITY, IOWA

MANUFACTURING CODE

SEQUENCE OF MANUFACTURE

A 1-1

1WWBB15M4HF212345

T
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JACKING, HOISTING, AND RECOVERY TOWING

Hoisting

Conventional hydraulic hoist may be used to lift the vehicle only if the hoist adaptor plates make firm
contact with the front lower control arms and the rear axle.

Jacking and Recovery Towing· Method 1

WARNING

No towing operation should be attempted which could jeopardize the safety of the wrecker operator, any
bystanders, or other motorists.

CAUTION

Do NOT tow, lift, or place force from a towing sling or similar device on the front bumper. Tow vehicle
from the rear using a towing dolly under the front wheels.

A towing sling (Holmes TS-100 Universal or equivalent) is recommended when towing from the rear of the
vehicle. In addition, a 4" x 4" lumber spacing material and safety chains around the rear axle assembly are
required to prevent damage to the body, bumper, or other vehicle components.

Jacking and Recovery Towing· Method 2

A wheel lift wrecker attachment is also recommended (Holmes UTC 100, Sentry WL 300, Holmes DST200,
Sentry WL 600). This type of device lifts the vehicle by the front wheel and suspension and creates no danger
to the front end components.

Typical Wheel Lift
Attachment

_ .. -.- .----,-_._-,- ---_ .. - ~. - .-.- ..•...,._-- .._ .._- ',~'.'~-""~....----.
!!
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CAUTION
Jack only at the approved jacking points. Never
lift or hook up chains or towing devices on the
drive shafts, front suspension arms, or rear
spring blades.

Jacking Points

A1-4



CONVERSION TABLE

DECIMAL AND METRIC EQUIVALENTS

Fradions

DecimalMetricFradionsDecimalMetric
In.

MM In.MM

1/64

.015625.3968833/64.51562513.09687
1/32

.03125.7937517/32.5312513.49375
3/64

.0468751.1906235/64.54687513.89062
1/16

.06251.587509/16.562514.28750
5/16

.0781251.9843737/64.57812514.68437
3/32

.093752.3812519/32.5937515.08125
7/64

.1093752.7781239/64.60937515.47812
1/8

.1253.17505/8.62515.87500
9/64

.1406253.5718741/64.64062516.27187
5/32

.156253.9687521/32.6562516.66875
11/64

.1718754.3656243/64.67187517.06562
3/16

.18754.7625011/16.687517.46250
13/64

.2031255.1593745/64.70312517.85937
7/32

.218755.5562523/32.7187518.25625
15/64

.2343755.9531247/64.73437518.65312
1/4

.2506.35003/4.75019.05000
17/64

.2656256.7468749/64.76562519.44687
9/32

.281257.1437525/32.7812519.84375
19/64

.2968757.5406251/64.79687520.24062
5/16

.31257.9375013/16.812520.63750
21/64

.3281258.3343753/64.82812521.03437
11/32

.343758.7312527/32.8437521.43125
23/64

.3593759.1281255/64.85937521.82812
3/8

.3759.525007/8.87522.22500
25/64

.3906259.9218757/64.89062522.62187
13/32

.4062510.3187529/32.9062523.01875
27/64

.42187510.7156259/64.92187523.41562
7/16

.437511.1125015/16.937523.81250
29/64

.45312511.5093761/64.95312524.20937
15/32

.4687511.9062531/32.9687524.60625
31/64

.48437512.3031263/64.98437525.00312
1/2

.50012.7000011.0025.4000
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Multiply

Inch
Foot
Yard
Mile

Inch

Foot
Yard

Inch

Quart
Gallon
Yard

Pound
Ton
Ton

Kilogram
Ounce
Pound

Degree
Fahrenheit

Foot/see
Inch/see

Pound-inch
Pound-foot
Pound-foot

Horsepower
PRESSURE OR VACUUM

Inches of water
Pounds/sq. in.

ENERGY OR WORK

BTU

Foot-pound
Kilowatt-hour

CONVERSION TABLE

By

LENGTH

25.4
0.304
0.914
1.609

AREA

645.2
6.45
0.092
0.836

VOLUME

16.387
16.387
0.016
0.946
3.785
0.764

MASS

0.453
907.18

0.907

FORCE

9.807
0.278
4.448

TEMPERATURE

( F-32) - 1.8

ACCELERAnON

0.304
0.025

TORQUE

0.112
1.355
.1355

POWER

0.746

.354

.068

1.055
1.355
3 600 000
or 3.6 x 10

A1-6

To Get Equivalent Number of:

millimeters (mm)
meters (m)
meters
kilometers (km)

millimeters (mm)
centimeters (em )
meters (m)
meters

mm
em

Iitres (1)
litres
litres
meters (m)

kilograms (kg)
kilograms (kg)
tonne (t)

newtons (N)
newtons
newtons

degree Celsius (C)

meter/see (m/s)
meter/see

newton-meters (N-m)
newton-meters
deca-newton meters (daNm)

kilowatts (kW)

Bars
Bars

joules (J)
joules
joules



Multiply

Foot candle

Miles/gal.
Gal/mile

Miles/hour

CONVERSION TABLE

By

LIGHT

1.076

FUEL PERFORMANCE

.0425
2.352

VELOCITY

1.609

A1-7

To Get Equivalent Number of:

lumens/meter (Im/m)

kilometers/liter (km/I)
liter/kilometer (I/km)

kilometers/hr (km/h)



CAPACITIES AND SPECIFICATIONS

Vehicles Equipped with J7T·239 Fuel Injected Gasoline Engine

Fuel Tank

Engine Oil (Crankcase)

Engine Oil Filter

Cooling System*

Automatic Transmission

Final Drive - Drain & refill only/with cooler

Brake Circuit (Dual)

Power Steering

5-Speed Transmission

* Without Motoraid Water Heater or Rear Heater

Oil Filter
Air Filter
Fuel Filter
Final Drive/5 Speed Transmission Oil

Brake Fluid
Coolant
Power Steering/Automatic Transmission Fluid
Engine Oil Drain Plug Seal
Automatic Transmission Draining Plug Seals

15.5 gallons 58.7 litres

5.3 quarts

5 litres

.52 quart

.50 litre

10.4 quarts

9.8 Iitres

2.1-2.6 quarts

2.0-2.5 litres

.85/1.16 quart

0.811.1 litre

.74 quart

0.7 litre

1.22 quart

1.15 litre

2.6 quarts

2.5 litre

• Part #R77007-30-077
- Part #R14636-35-132
- Part #R14636-35-181
- API = GL5: SAE 80W-90 at 15° F

or above
SAE 75W below 15° F

- SAE J 1703F DOT 3-SAE J 1703 DOT 4
- Prestone II brand antifreeze/coolant
- Mobil 220 ATF Dexron II or equivalent
- Part #R79030-62-003
- Part #R77030-62-023 and R79030·62-003

Oil
Engine: Oil used must correspond to the standard
MIL-L-46152B or API-SF.The term SFmust appear
on the container singly or in conjunction with
other designations. Refer to the viscosity chart
below for recommendations according to ambient
temperatures. DO NOT use 10W-30 above 60° F
(15° C). NEVERuse 10W-40 oils in this engine.

60° F (15°C)

50° F (10° C)
L

ENGINE Oil lEVEL CHECK
The vehicle's engine oil must be maintained at

the proper level to assure proper lubrication of
the engine. It is the owner's responsibility to
check the oil level regularly, such as at every fuel
stop. It is common for gasoline engines to
consume oil during and after the initial break-in
period.

When adding oil, be sure that you use the same
brand and grade of oil used during the last oil
change. DO NOT overfill beyond the "max." notch
on the dipstick. The level must NEVERbe below
the "min." mark.

CAUTION
The engine must not be flushed out under any
circumstances.

A2-1



FLUID CHANGING
OIL DRAINING AND REFILLING

ENGINE, GEARBOX, AND FINAL DRIVE

Engine Oil Change

1. Remove drain plug 1. Allow time for old oil to
drain.

2. Replace drain plug crush washer with new one.
3. Reinsert drain plug into drain hole.
4. Refill crankcase through filler hole on top of

engine.

NOTE: Be sure to allow for the additional capacity
of the oil filter (.52 qt.l.50 litre) when
refilling crankcase.

....__.4..__:....--_.I.,?

5:r-±?~
1. EnQine Oil Drain PluQ

Oil Filter
The oil filter is designed specifically for this engine. It
has a special thread pitch and has internal flow
characteristics to insure proper engine lubrication
under all conditions. Use of improper filters could
cause premature engine wear and possible engine
failure.

A2-2
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TRANSMISSION, GEARBOX, AND FINAL DRIVE OIL CHANGE

To Change Final Drive
1 Remove drain plug 2. Allow adequate time for

old oil to drain.
2. Reinsert plug into hole 2.
3. Refill reservoir through fill plug hole 3 until oil

just starts to run out.
4. Reinsert plug into hole 3.

2. Final Drive
Drain Plug

3. Final Drive
Fill Plug

CAUTION

When replacing a system component only, such as the differential, radiator, oil line or pump filter, the
system must be reprimed with oil.

Refer to Section F - "Automatic Transaxle" or Section G - "Manual Transmission" for the correct
procedure.

To Change Gearbox Oil (S-Speed)
1. Remove drain plug 5. Allow adequate time for

old oil to drain.
2. Replace oil drain plug washer with new one.
3. Reinsert drain plug into drain.
4. Refill reservoir through fill plug hole 4 until oil

just starts to run out.
s.-Reinsert plug into hole 4.

A2-3

4. 'Gearbox
Fill Plug

5. Gearbox
Drain Plug



FLUID CHANGING

To Change Automatic Transmission Fluid:
1. Remove drain plug 6. Allow adequate time for

old oil to drain.
2. Replace drain plug crush washer with new one.
3. Reinsert drain plug into drain hole.
4. Refill reservoir with fluid through transmission

dipstick tube 7.

AUTOMATIC TRANSMISSION FLUID CHECK

Check the automatic transmission fluid level after
driving a sufficient distance so that the engine and
transmission are at operating temperature. With the
handbrake engaged and the engine idling in Park,
pull out dipstick and wipe clean. Reinsert into the
tube momentarily, and pull out again to read the
level. Do not allow the level to go below the "MIN"
mark or above "MAX" or transmission damage may
occur. If necessary, add the appropriate amount of
transmission fluid through the dipstick tube using a
funnel.

A2-4

Min. Max.

Transmission
Drain Plug
Transmission Fill
(Dipstick Tube)

Automatic
Transmission

Dipstick



SERVICE AND MAINTENANCE

CHASSISMAINTENANCE
The following pages list the required and
recommended scheduled maintenance services for
your Winnebago vehicle, with descriptions of the
operations to be performed at each service.

Some operations listed in the maintenance
schedule are required at the specific intervals to
maintain emission control performance standards.
Failure to have these services performed at the
intervals stated may affect your warranty
coverage.

NOTE: The vehicle may require additional
maintenance if it is operated under
extreme conditions such as non-use for
long periods of time, excessive start and
stop driving conditions, extreme cold or
desert climates, sustained high-speed
driving, frequent engine idling,
heavy-duty loading, commercial use, or
any other extreme operating condition.

It is the owner's responsibility to recognize the
vehicle's operating conditions and to ensure that
the vehicle is properly serviced according to the
maintenance schedule.

The service intervals indicated on the charts are
based on the odometer reading on your vehicle or
the number of months since the vehicle was first
used, whichever occurs first. Maintenance should
be continued at the same intervals for mileage
beyond that indicated on the charts.

Chart Code Explanation
The letter "R" opposite a service indicates that a
replacement is necessary. An "A" denotes a
necessaryadjustment. The letter "1" indicates that
an inspection is recommended. (Inspections may
lead to adjustments or other mechanical
operations.) The symbol "*,, beside a letter
indicates that the service specified is required to
maintain the vehicle's emissions. Refer to "Service
Operation Descriptions" for details.

It is the owner's responsibility to keep
maintenance records since it may be necessary to
prove that required and recommended
maintenance has been performed. These records
should be left in the glove compartment and
passed on to the subsequent owner when the
vehicle is sold.

A2-5

Also, ensure that your dealer or other servicing
establishment marks the corresponding box on
the chart anytime a maintenance service is
performed. Remember, proper service at the
proper intervals protects your investment.

NOTE: All kilometer figures listed on the charts
are approximate. For comparison, one
mile equals 1.609 km.

NOTE: The need for service is determined by a
mileage or time interval. In most cases,
the odometer mileage will indicate when
service is required. However, if driven very
little, the vehicle should be serviced at
least every twelve months. Under severe
driving conditions, more frequent
maintenance is required.



CHASSIS MAINTENANCE SCHEDULE

MONTHS
161218243036424854606672

MILES x 1000

151015202530354045505560

Ref. Operation 1. Engine Oil*t

RRRRRRRRRRRRR

2. Oil Filter*t

RRRRRRR

3. Auto. Transmission

FluidR1IRIIRI1RIIR

4.

Manual TransmissionOilR1IR1IRIIRIIR

5.

Differential Oil RIIRIIRIIRIIR

6. Clutch Adjustment

IIII1

7. Idle Speed

*A*A*A

8. Air Filter

*R*R

9. Spark Plugs

*R*R

10. Drive Belts

I1*A1*A

11. Hoses/Connections

II*1

12. Oxygen Sensor

*1

13. Valve Lash

*1*1

14. PCV System

*'

15. Fuel Filterst

R*RR

16. Exhaust System

IIIII

17.

Ignition System II

18.

Fluid Checks IIIIIIIIII1II

19. Engine Coolant

RR

20. Evaporative System

IIII

21. Timing Belt

I*AI*R

22.

Batteries IIIII1IIII111

23.

Brakes I1II1

24. Tires

IIIII

25. AxleslSuspensionlSteering

IIIII

26. Wheels

I,IIIIII,III1

27. Engine Mountings

III1

28. Lights/Electrical System

IIIIIIIIIIIII
29.

Rocker Shaft OilFilter RR

30.

Road Test IIIIIIIIII1I1

After 60,000 miles, maintenance should be continued at
equivalent intervals by repeating the chassis maintenance
schedule (except for the 1,000 mile maintenance check). For
reference, 5,000 miles would equal 65,000 miles, 10,000 would
equal 70,000, etc.

tNote: If the vehicle is used under unusual driving conditions
such as driving in dusty areas, extensive engine idling,
trailer towing or repeated short trips of 5 miles or less,
more frequent service is recommended.

A2-6

R - Replacement necessary
A - Adjustment necessary
I - Inspect and adjust, add or replace if necessary
* - Required to maintain emissions standards and warranty



SERVICE OPERATION DESCRIPTIONS

NOTE: Your need for service is determined by a
mileage or time interval. In most cases,
the odometer mileage will indicate when
service is required. However, if you drive
very little, your vehicle should be serviced
at least every twelve months. Under
severe driving conditions, such as driving
in dusty areas, extensive engine idling,
towing a trailer or repeated short trips of
5 miles or less in freezing temperature,
more frequent maintenance is
recommended.

1. Engine Oil - Change engine oil during the
1000 mile maintenance check, and at each
required service interval thereafter. Check oil
at each fuel fill.*

NOTE: If you use your vehicle under unusual
driving conditions, such as driving in dusty
areas, extensive engine idling, towing a
trailer, or repeated short trips of 5 miles or
less in freezing temperatures, then change
your oil every 3 months or 3000 miles.

2. Engine Oil Filter - Change engine oil filter
during the 1000 mile maintenance check and,
thereafter, at listed intervals. Use only
Winnebago approved filter.*

3. Automatic Transmission Fluid - Change the
automotive transaxle fluid and clean filters at
the 1000 mile maintenance check and at
specified intervals thereafter. *t

4. Man u a I T ran sm i ssion 0 i I Ch a n g e 
Transmission oil must be changed during the
1000 mile maintenance service and at each
prescribed interval thereafter. The drain plug
crush washer must be replaced at each oil
change. Be sure to thoroughly inspect for
leaks around gaskets and drain plugs after an
oil change.

5. Differential Oil - Change final drive oil during
the 1000 mile maintenance check and,
thereafter, at intervals listed.t Check level at
each engine oil change.*

6. Clutch Check and Adjustment - Check
operation clearance and adjust, if necessary,
during the 1,000 mile maintenance service
and at prescribed intervals thereafter.

7. Idle Speed (Qualified Technician Required) 
Check and adjust the curb/fast idle at the
1,000 mile maintenance check and at
specified intervals thereafter.

8. Air Filter - Replace air cleaner element at
30,000 miles.t Use only Winnebago approved
air filter.*

9. Spark Plugs - Replace the spark plugs at
30,000 miles.t See Engine Specifications for
recommended spark plugs.

10. Drive Belts (Qualified Technician Required) 
Inspect condition and tension of belts driving
the water pump, alternator and air
conditioner compressor at the 1,000 mile
maintenance check and at specified intervals
thereafter.

11. Hosesand Connections - At each 15,000 mile
interval, check the condition of hoses,
connections and fittings of the following
systems. Tighten connections, if necessary.
• Cooling System
• Brake system
• Fuel system
• Power steeri ng
• Vacuum system (emissions related)

12. Oxygen Sensor - At 50,000 miles, check sensor
operation and replace if necessary.

13. Valve Lash - Adjust valve lash as required at
each 30,000 mile interval.

14. PCVSystem - Check operation and replace, if
necessary, at 50,000 miles.

15. Fuel Filter - (Qualified Technician Required) 
Replace fuel filter at each 20,000 mile
maintenance interval. Inspect fuel lines and
tank for leakage and connections for
tightness. Inspect fuel system electrical
connections. Check filler cap for proper
venting.

16. Exhaust System - At each 15,000 mile
maintenance interval, inspect condition of all
exhaust system components for leakage,
damage, clearance and mounting. Replace
components as necessary.

17. Ignition System (Qualified Technician
Required) - Inspect distributor cap, rotor and
ignition wiring and check timing.

18. Fluid Checks - During the 1,000 mile
maintenance check, and at subsequent
maintenance interval, check the level of
fluids listed and add or replace as
necessary.*t
• transmission fluid
• differential oil
• brake fluid
• power steering fluid
• coolant
• windshield washer solvent

19. Cooling System - Drain and replace coolant at
30,000 miles and at the beginning of each
winter season thereafter. Check hoses and
connections for leakage or flaws. Use only
Prestone II~ brand or equivalent
anti-freeze/coolant when replacing or
adding.



20. Evaporative System - Inspect evaporative
system hoses and connections for leakage or
cracks at the maintenance intervals indicated.

21. Timing Belt (Qualified Technician Required) 
Replace the toothed timing belt at 60,000
miles.

22. Battery - At 1,000 miles and at each 5,000
mile maintenance interval, check; battery
terminals (clean and tighten if necessary),
voltage, battery case and hold-downs, and
electrolyte level if applicable.

23. Brakes - Perform the following services at
1,000 miles and at each 15,000 mile
maintenance interval:
• Check operation and performance of

service brakes. Add fluid if necessary.
• Inspect condition and thickness of front

pads and rear linings. Replace if necessary.
• Adjust handbrake
• Inspect brake servo filter and clean or

replace as necessary.
24. Tires - Inspect tires (and spare) for abnormal

wear or damage and adjust air inflation
pressure, if necessary, at 1,000 miles and at
each specified interval thereafter or
whenever any visible or handling problem is
apparent.

25. Axles/Suspension - During the 1,000 mile
maintenance check and at each 15,000 mile
maintenance interval, perform the following
and replace as necessary:
• Steering and suspension components 

check for play and wear.
• Drive axle boots - inspect for cracks.
• Rear wheel bearings - inspect condition

and repack.
• Torque axle nuts to correct specification.

26. Wheels - Check tightness of lug nuts and
inspect condition of wheels at 1,000 miles
and at each 5,000 mile service interval.

27. Mountings - All engine and transmission
mounting bolts must be torqued to proper
specifications every 15,000 miles.

28. Lights and Electrical System - During the
1,000 mile maintenance check and at each
5,000 mile interval, check operation of all
lights, turn signals, warning lights, hazard
flashes, instruments, horn, wipers, heater fan,
etc. Adjust headlight alignment, if necessary,
at each 15,000 mile interval.

29. Rocker Shaft Oil Filter - Replace rocker shaft
oil filter and check valve clearances at each
30,000 mile interval.

30. Road Test - During the 1,000 mile
maintenance check and at 5,000 mile interval
thereafter, road test the vehicle and check
the following:

A2-8

• Acceleration and braking
• Steering, suspension and handling
• Fluid and body leakage
• Doors and hood (lubricate if necessary)
• Body com ponents
• Accessory operation

* See FLUIDSAND FILTERSfor recommendations.
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2.2 Liter Gasoline Engine
(With Bosch Eledronic Fuel Injedion System)
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2.2L ENGINE
4-CYLINDER ALUMINUM

Engine
SuffixCubicCompressionStrokeBoreTransmission

Type
DisplacementRatio Type

J7T

2392165 cc8.7: 189 mm88 mmML1-011

(132 c.1.0.)
(3.50 in)(3.46 in)(Automatic

Transmission)
J7T

2382165 cc8.7: 189 mm88 mmNL5-30

(132 C.I.D.)
(3.50 in)(3.46 in)(5-speed)

B 1-1
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GENERAL INFORMATION
LUBRICATION CIRCUIT
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GENERAL INFORMATION

CYLINDER HEAD (EXPLODED VIEW)
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1, Valve ~oyar D. \ • :2. Valve Cover Nut (1 ~
3. Valve Cover Gasket
4. Rocker Arm Shaft End Plug
5. Rocker Arm Shaft Bearing
6. Camshaft
7. Valve Assembly
8. Cylinder Head Bolt
9. Cylinder Head

10. Cylinder Head Gasket
11. Camshaft Sprocket Bolt
12. Camshaft Oil Seal
13. Camshaft Thrust Plate Bolt
14. Rocker Arm
15. Rocker Arm Shaft

I.
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GENERAL INFORMATION

CYLINDER BLOCK {EXPLODED VIEW}

I
\L;

1. Piston Assembly *
2. Cylinder Liner *
3. Cylinder Block
4. Crankshaft Oil Seal (Rear)

S. Flywheel IFlex Plate
6. Oil Pan
7. Oil Pan Gasket

8. Crankshaft Sprocket
9. Crankshaft

10. Oil Pump
11. Oil Pump Drive Shaft
12. Intermediate Shaft Sprocket

7

13. Oil Pump Drive Gear
14. Connecting Rod *
15. Intermediate Shaft

16. Timing Belt Cover
17. Timing Belt Tensioner

* Available in sets of 4 only.

B1-5
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18. Timing Belt
19. Crankshaft Oil Seal (Front)
20. Water Pump
21. Oil Level Dip Stick
22. Piston Pin *



GENERAL INFORMATION
ENGINE IDENTIFICATION

o

The engine identification plate is attached to the
front, right side of the cylinder block.

The plate contains the following engine coded
information.

A - The engine type code:

• J-the engine was manufactured at Oouvrin,
France,

• 7-the engine has hemispherical combustion
chambers in the cylinder head and multi-point
fuel injection.

• T-the engine has a cubic displacement of 2165
cd2.2 liters/132 cu. in.

B - The engine certification code letter

C - Engine manufacturer identification code

o - The engine identification code suffix

E - The engine serial number

NOTE: The engine serial number (E) is preceded by a
duplication of the engine identification code
suffix (0).

B 1-6

ABC 0
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000 X 700o

000000000
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SPECIAL SERVICE TOOLS
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\

Mot. 855
Toothed belt idler sprocket locking strap

Order Tool No. 700000-85-500 EA

Mot. 789

Crankshaft oil seal inserting tool (timing cover end)
Order Tool No. 700000-78-900 EA

Mot. 861
TOC indicator rod

Order Tool No. 700000-86-100 EA

Mot. 791

Extracting/inserting tool for camshaft oil seal
Order Tool No. 700000-79-100 EA

Mot. 790
Oil seal inserting and intermediate shaft bearing

locating tool
Order Tool No. 700000-79-000 EA

81-7

Mot. 788

Crankshaft oil seal inserting mandrel
Order Tool No. 700000-78-800 EA



SPECIAL SERVICE TOOLS

r

l..

Mot. 647
Rocker arm clearance adJustmentwrench

Order Tool No. 700000-64-700 EA

Mot. 11
Crankshaft bushing extractor

Order Tool No. 700010-72-500

---- - -~.-
A

EA

a(
Mot. 851

Piston installation tool
Order Tool No. 700000-85-100

Ele.346

Drive belt tensioning tool
Order Tool No. 700000-34-600

EA

EA

81-8

Mot. 720
Cylinder head locating tool

Order Tool No. 700000-72-000

Mot. 588
Sleeve tubes

(for use with clamps Mot. 588)
Order Tool No. 700000-58-899

EA

EA

L
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SPECIAL SERVICE TOOLS

Mot. 582

Flywheel locking sector
Order Tool No. 700000-58-200 EA

Mot. 593

Engine gearbox drain plug wrench (8 mm square)
Order Tool No. 700000-59-300 EA

\l

f

i
L

Mot. 445

Oil filter strap
Order Tool No. 700000-44-500

(No Number)
Bench stand for swivel base

Order Tool No. 700012-39-500

EA

EA

B1-9

Mot. 836

Boxed oil pressure testing kit
Order Tool No. 700000-83-603

\\
Illr/

Mot. 251

Dial indicator support
(for checking sleeve protrusion and position)

Order Tool No. 700000-25-101

EA

EA



SPECIAL SERVICE TOOLS

r

\

r
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(No Number) Fork end and
swivelbase for bench stand Mot. 252

Thrust plate (for checking sleeve protrusion) r
Order Tool No. 700012-09-200

EAOrder Tool No. 700000-25-201 EA
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,'r ~,,:/ (No Number)Mot. 792 Engine plate for DESVIL stand
Dial indicator

U.Order Tool No, 700000-79-200

EAOrder Tool No. 72046E-BO-000 EA

A
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Mot. 591-02

M'.1774i...'

Flexible pointer

Ignition Alignment Rotor

(For valve adjustment procedure)

(For valve adjustment procedure)
Order Tool No. 700000-59-102

EAOrder Tool No. 700001-77-400 EA
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SPECIAL SERVICE TOOLS

Rou.15-01
Shaft end protector

Order Tool No. 700013-31-601 EA

B.VI.28-01
Crankshaft sprocket removal tool

Order Toot No. 700012-27-301 EA

Il

\..~'j)

Mot. 574-07
Piston pin removal/installation tool set

Order Tool No. 70??oo-57-407 EA

61-11

Mot. 588

Sleeve clamp brackets
Order Tool No. 700000-58-800 EA
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Component

Camshaft Sprocket Bolts

Connecting Rod Bolts/Nuts

Converter Drive Plate Bolts

Crankshaft (Vibration Damper)
Pulley Bolt

Cylinder Head Bolts (Tightening
sequence shown below)

First Tightening
Second Tightening
Final Tightening

Cylinder Head Cover Nuts

FlywheellFlexplate Bolts

Intermediate Shaft Sprocket Bolt

Main Bearing Cap Bolts

Oil Pan Screws

Oil Pump Screws

Rocker Arm Shaft Plug

Timing Belt Tensioner Bolts

GENERAL INFORMATION
TORQUE SPECIFICATIONS

Set-To-Torque

5 daNm (37 Ibs./ft.)

6.3 daNm (46 Ibs.lft.)

6.8 daNm (50 Ibs.lft.)

13.0 daNm (96 Ibs.lft.)

5.0 daNm (37 Ibs./ft.)
8.0 daNm (59 Ibs./ft.)
9.2 daNm (69 Ibs./ft.)

0.5 daNm (3.5 Ibs.lft.)

6.0 daNm (44 Ibs./ft.)

5.0 daNm (37 Ibs./ft.)

9.2 daNm (69 Ibs./ft.)

0.9 daNm (6.5 Ibs./ft.)

4.3 daNm (33 Ibs./ft.)

2.0 daNm (15 Ibs./ft.)

2.5 daNm (18 Ibs./ft.)

Service Recheck Torque

6.0-6.5 daNm (44-48 Ibs./ft.)

6.5-7.0 daNm (48-52 Ibs./ft.)

12.0-13.5 daNm (88-100 Ibs./ft.)

8.8-9.8 daNm (65-72 Ibs.lft.)

0.4-0.6 daNm (3-4.5 Ibs./ft.)

8.8-9.8 daNm (65-72 Ibs.lft.)

0.8-1.0 daNm (5.8-7.3 Ibs.lft.)

4.0-4.5 daNm (29-37 Ibs./ft.)

II

r

f

L
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00000
0000@

Camshaft
I-Sprocket

Cylinder Head Bolt

Tightening Sequence
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GENERAL INFORMATION

SPECIFICATIONS

Rocker Arm Clearance (Cold)
Intake 0.10 to 0.15 mm (0.004 to 0.006 in)
Exhaust.. 0.20 to 0.25 mm (0.008 to 0.010 in)

Valve Train
Camshaft End Play 0.05 to 0.13 mm

(0.002 to 0.005 in)

Cylinder Numbers

0000
Flex
Plate

Valves
Valve Stem Diameter Exhaust 0.313

Intake 0.314
Intake Valve Head

Diameter 44 mm (1.732 in)
Intake Valve Face Angle 30°
Exhaust Valve Head Diameter 38.5 mm

(1.516 in)
Exhaust Valve Face Angle 45°

Intake Valve Timing
Opens.................................................. 12° BTDC
Closes 52° ABDC

Exhaust Valve Timing
Opens................................. 52° BBDC
Closes......... 12° ATDC

Valve Overlap 34°

Cylinder Head
Cylinder Head Height 111.6 mm (4.394 in)
Combustion Chamber Volume 58.15 cc
Valve Guide Inside Diameter 8 mm

(0.315 in)
Valve Stem-To-Guide Clearance 0.1 mm

(0.002 in)

Piston Rings
Piston Ring Thickness

Top Compression 1.75 mm (0.068 in)
Upper Compression 2.00 mm (0.078 in)
Oil Scraper 4.00 mm (0.157 in)

Piston Ring Gap Pre-Adjusted

Crankshaft
Number of Main Bearings 5
Main Bearing Journal Diameter 62.892 mm

(2.476 in)
Regrind Diameter 62.842 mm (2.474 in)
Grinding Tolerance -0.0 to -0.019 mm

(-0.- to -0.0007 in)
Connecting Rod Journal Dia............. 56.296 mm

(2.215 in)
Regrind Diameter 0.25 mm (0.0010 in.)
Grinding Tolerance -0.01 to -0.029 mm

(-0.0004 to -0.0011 in.)
End Play................................... 0.13 to 0.30 mm

(0.005 to 0.011 in)
Thrust Washers with different thicknesses are
available

Pistons, Connecting Rods and Piston Pins
Piston-To-Connecting Rod Fit Press Fit
Connecting Rod End Play -
Small End 0.31 to 0.57 mm

(0.012 to 0.022 in)
Piston Pin Length 75 mm (2.952 in)
Piston Pin External Diameter 23 mm

(0.905 in)
Piston Pin Internal Diameter 14 mm

(0.551 in)

. General Specifications
Type In-Line, 4 Cylinder OHC
Bore 88 mm (3.46 in)
Stroke 89 mm (3.50 in)
Displacement.. 2.2 Liter (132 cu. in.)
Compression Ratio 8.7: 1
Firing Order......................... 1-3-4-2
Fuel Requirement Unleaded

Spark Plugs
Type Champion RS9YCor AC CR42LTS
Gap 022 to .026 in

Cylinder Block and Liners
Liner Height 148.5 mm (5.846 in)
Bore Diameter 88 mm (3.464 in)
Base Locating Diameter 93.6 mm (3.685 in)
Line Protrusion

(w/O-ring) 0.08 to 0.15 mm
(0.003 to 0.006 in)

Liner Height to Flange .... 93.065 to 93.096 mm
(3.663 to 3.665 in)

Cyl. Block Depth
to Flange (92.942 to 92.985 mm)

(3.659 to 3.660 in)
Cylinder Block Depth 149.25 to 149.75 mm

(5.875 to 5.895 in)
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SPECIFICATIONS

Lubrication System
Oil Capacity

W/o Filter Change 5.0 liters (5.3 quarts)
With Filter Change 5.5 liters (5.8 quarts)

Operating Pressure at idle 0.8 bars (12 psi)
Operating Pressure at 3,000 rpm 3.0 bars

(44 psi)
Oil Pump-Gear End Clearance

Minimum 0.05 mm (0.002 in)
Maximum 0.12 mm (0.005 in)

Oil Pump-Gear Body Clearance
Minimum 0.02 mm (0.001 in)
Maximum 0.10 mm (0.004 in)

r
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CRANKSHAFT SERVICE

RECONDITIONING

Use replacement bearings that are appropriate for
the journal sizes.

Use a micrometer to measure the main and
connecting rod journals for out-of-round or taper
conditions.

If the journals are not satisfactory, recondition or
replace the crankshaft.

After the crankshaft has been ground, the
roll-hardened areas on the journals must still remain
intact over the 1400 zone. The zones are illustrated
below (A-rod journal, B-main journal.)

i _.~
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ENGINE REMOVAL AND REPLACE

REMOVAL PROCEDURE

REMOVE OR DISCONNECT;

- Battery negative cable
Heater air intake
Grill section - held by shoulder bolts and #2
phillips head screws
Upper crossmember
Hood release cable - lay aside
Belly pan
Transmission belly pan/scoop
Upper radiator retaining supports
Hood cable from fender connecting
crossmember
- Do not lose spring and plastic retainer
Upper and lower hoses from radiator and drain(•..:~

I •..1 anti-freeze into a container.cJ Vacuum hoses from thermovalve on radiator

(:.,
j ~

CAUTION
It is extremely important to reconnect vacuum
hoses, water hoses and electrical wiring correctly.

(

\

CAUTION
Exercise extreme care during engine removal, since
even minimal flywheel flexplate damage may
result in a "no-run" condition.

fllj
(

( Hoses and wire may be labeled using an ink pen
on masking tape as shown. Labeling makes
reconnection simple and accurate. We also advise
drawing a reference diagram of connections,
since this is easier than tracing each system to
verify connections.

Refer to the vehicle emissions label (located on
the upper crossmember) for the emissions system
schematic, or see page C7-3.
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ENGINE REMOVE AND REPLACE
REMOVAL PROCEDURE

Close both high and low side service valves of air
conditioning compressor before continuing.

REMOVE OR DISCONNECT:

- High side hose from AlC compressor leading to
condenser
High side hose self-sealing disconnect joint at
condenser
Electric fan wiring
AlC pressure switches
Radiator and AlC condenser as a complete
assembly
Remove 4 bolts in lower radiator support
crossmember
Low side hose to AlC compressor
Air conditioner clutch wire connection
Hoses to heater, rear motoraid, and surge fill
bottle
Oil hoses to remote oil filter

02 sensor
Exhaust lead pipe from cast iron elbow - 4 nuts
w/washers
Engine harness at firewall, behind engine and
at breaker plate including main feed cable at
dual battery
Coil wire and all wire and vacuum connections
from ignition module
Idle air bypass manifold with hoses attached,
unplug fast idle solenoid. Lay assembly on
engine.

82-2
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ENGINE REMOVE AND REPLACE
REMOVAL PROCEDURE CONTINUED

REMOVE OR DISCONNECT:

Supply hose from power steering reservoir to
pump. Drain fluid into container.

- Pressure hose from rear of power steering
pump
Engine ground strap
Air hoses from air flow meter to plastic elbow
under intake manifold. Cover open elbow to
prevent foreign material from getting into the
engine.
Vacuum hoses for E.G.R. system (behind left
headlight area)
Vacuum hose to brake booster
Vacuum connections on top of intake manifold
for cruise control and charcoal canister
Vacuum hoses at left rear of engine to charcoal
canister and automatic transaxle
Fuel feed and return hoses at frame rail
connections to metal piping. Mark connections
for proper hook-up.
Throttle and cruise cables from engine.
Flywheel cover behind engine oil pan.
All 3 torque converter to flexplate bolts (ATX
only)
Motor mount to transaxle mount on right side 
2 bolts rear of oil pan.
Motor mount to transaxle mount on left side - 1
long bolt and lock nut.
Bolts that hold T.D.C. sensor to flywheel
housing. Set sensor aside.

CAUTION
Failure to remove sensor may cause damage to
the flywheel.

- Bolts that hold transaxle to engine and starter.
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ENGINE REMOVE AND REPLACE
REMOVAL PROCEDURE CONTINUED

REMOVE OR DISCONNECT:

- Lock nuts that hold motor mount to cross
member assembly - one on each side - leave
complete mount assemblies on engine.
Install engine lift fixture or chain to engine.
Lift engine high enough for motor mount studs
to clear crossmember mounts. Place a 2" x 4"
block under lower edge of transaxle for
support.
Pull engine forward and out of chassis.

CAUTION
Exercise extreme care during engine removal,
since even minimal flywheel flexplate damage
may result in a "no-run" condition.

82-4
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ENGINE REMOVAL AND REPLACE
PREPARATION FOR REBUILDING

0
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The fixture must be fastened to something that can
safely support the weight of the engine without
tipping over, which could cause personal injury or
damage to the engine.

IMPORTANT
This support may be adapted to an existing engine
stand.

WARNING

Remove or Disconnect
- Exhaust manifold

Alternator
AlC compressor, power steering pump and
complete front bracket assembly.
Motor mounts
Dipstick
Adapter for remote oil filter hoses
Starter

Mounting the Engine to the Dismantling Support

• Screw studs A, B, and C (tool Mot. 792) into
appropriate holes in the cylinder block.

• Placethe engine with studs in position to the plate
making use of holes (1, 8, and 17)
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ENGINE REMOVAL AND REPLACE
PREPARING ENGINE FOR INSTALLATION

r

Clean
• All accessories to be reinstalled on engine.
• Flush all cooling system parts including radiator

if contaminated (see Cooling System Section for
procedure)

• Chassis and underhood area.

Replace
• Engine oil cooler, (located above oil filter) if

engine had any kind of metallic part failure or
fluids in the oil.

CAUTION
Serious internal engine damage will occur to a
new or rebuilt engine if the oil cooler is
contaminated and not replaced. When in doubt
... replace.

• Engine oil filter
• Fuel filter - make sure fuel in tank is not

contaminated.
• Air filter element (after engine is installed).

Inspect and Replace if Necessary
• Serpenti ne belt.
• Power steeri ng belt.
• Surgelfill bottle cap (See Cooling System

Section for procedure)
• All hoses and clamps.
• Manifolds for warpage.
• Exhaust pipe sealing surface for cracks and

irregularity.
• Oil hoses from the engine to the remote filter

base.
• All vacuum hoses.
• Flywheel or flex plate for cracks and

irregularities.

IMPORTANT!
Make sure engine-to-bell housing alignment
sleeves are in place in lower bolt holes on each
side.
Make sure starter-to-bell housing alignment
sleeve is in place and tightened.
Leave starter loose to be aligned and tightened
after engine is installed.

82-6

Install or Connect
• All items removed in "Preparing Engine for

Rebuilding" using new gaskets where required.

Make sure that the flywheel flexplate aligns with
the torque converter bolt holes and is not
damaged during reinstallation of the engine.
(ATX only)

NOTE: Refer to Section H - Clutch for precautions
when reinstalling S-speed gearbox.
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INSTALLATION PROCEDURE
Install or Conned
• Connect and install all parts and assemblies in

the reverse order of that described in "Engine
Removal Procedure" using new gaskets, seals,
etc., where required.

Tighten
• All the starter mounting bolts on the bell

housing and on the side of the engine block.
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FINAL PROCEDURES AFTER INSTALLATION

Adjust
Check the operation of the throttle cable.

• Depress the accelerator pedal to the floor two or
three times.

• Hold the pedal to the floor and measure the
clearance between the throttle stop screw (L) and
the return support (M)

• The clearance must be approximately 0.1 mm (.004
in). If not, check the length of the throttle body
connecting linkage.

• Adjust the link to 139 mm - 141 mm (5.45 - 5.53 in)
as shown.

• If the position of the throttle stop screw (L) is
accidentally changed, it can be corrected by
loosening the adjustment nut (N) and turning the
screw to protrude 1 mm (0.04 in) below the weld
nut.

• Depress the accelerator pedal to the floor and
adj ust the clearance between the throttle stop
screw (L) and the support (M) for 0.1 mm (0.004
in).

NOTE: Apply a small amount of Loctite@ or
equivalent to the throttle stop screw before
tightening the adjustment nut.

• Tighten the adjustment nut
• With the accelerator pedal depressed to the floor,

the return (compensation) spring (P) must be
compressed 5 mm (0.19 in). If not, change the
position of the clip (Q).

NOTE: Ensure that the return spring (P) is correctly
installed.

82-8
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ENGINE REMOVE AND REPLACE
FINAL PROCEDURES AFTER INSTALLATION

IMPORTANT

• All rubber shrouds and shields must be in place.
• Use correct motor oil (See specifications section

of vehicle operators manual)
• Use correct type and mixture of antifreeze.
• Make sure cooling system is properly bled of air

and filled to proper level (See Cooling System,
Section E)

CAUTION
It is extremely important to make sure the
cooling system has all the air bled out of it and
contains the proper level of coolant. Serious
engine damage due to overheating will occur if
this it not properly done.

• Pressure check cooling system for leaks (See
Cooling System, Section E).

• All wiring and grounds must be properly
connected.

• Check headlight alignment.
• Air conditioning should be properly charged

and working correctly (See Air Conditioning,
Section N.)

• Make sure that all reinstalled body parts and
bumper fit correctly and hood latch pin
properly aligns with the fender connecting
crossmember. Adjust hood latch pin if
necessary.

When the engine is reinstalled in the vehicle:

• Adjust all controls.
• Perform all functional checks as prescribed in

section CS to determine that all systems are
adjusted and operating properly.

• Reset intergrator voltage adjustment at air flow
meter and reinstall a new tamper-proof plug.
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ENGINE OVERHAUL & REBUILD
GENERAL INFORMATION

SPECIAL MATERIALS

TYPE

Parts cleaner solvent

Gasket seal solvent

Petroleum Jelly

Loctite@ (or equivalent)

Loctite@ (or equivalent)

Loctite@ (or equivalent)

Loctite@ (or equivalent)

Loctite@ (or equivalent)

Heatproof sealer

IMPORTANT

APPLICATION

Component cleaning

Cleaning cylinder head joint face

Clutch shaft and drive shaft splines

Bolts for flywheel, crankshaft pulley, intermediate shaft cover

Inlet manifolds studs

Water pump studs and bolts

Pilot bearing in crankshaft

Flywheel thrust face on crankshaft side

Exhaust pipe joints

I
;.

Components To Be Replaced at Each Dismantling
• Flywheel bolts
• Flywheel bolts lockplate
• Connecting rod
• Rocker shaft oil filter
• All gaskets and seals

Cleaning Engine in Place
• Protect the timing belt and alternator from water

and cleaning fluid.
• Take care not to let any water enter the intake

manifold.
• Clean upper cylinder block surface when replacing

cylinder.
• Great care must be taken with this operation to

prevent foreign matter from entering the rocker
shaft oil channels in the cylinder block and head.

• If the above advice is disregarded, the rocker shaft
filter or rocker arm oil jet holes may become
blocked leading to rapid cam and rocker arm
finger wear.

Installing Threaded Inserts

• Threaded holes in all engine components ma~ be
restored using thread inserts such as HeliCoil or
equivalent.

B3·1
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ENGINE OVERHAUL & REBUILD

ENGINE DISASSEMBLY

REMOVE OR DISCONNECT

• Crankshaft (vibration damper) pulley

• The intake and exhaust manifolds, and the
brackets.

• Timing belt cover

• Loosen the bolts (1) and release the timing belt
tensioner (2). Then retighten bolts (1).

1

f

r,
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• The timing belt and discard.

• 8elt tightener

• Water pump

• Thermostat housing

83-2
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ENGINE OVERHAUL & REBUILD

ENGINE DISASSEMBLY

i
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REMOVE OR DISCONNECT

• Cylinder head cover.

• Distributor assembly.

• Camshaft sprocket retaining nut (3)

• Hold the camshaft sprocket with Sprocket Holding
Tool Mot. 855.

• Camshaft sprocket

• Woodruff key

• Loosen rocker arm adjustment cap nuts.

• Remove all cylinder head bolts except bolt (A).

• Camshaft

• Cylinder head assembly.

83-3
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ENGINE OVERHAUL & REBUILD

ENGINE DISASSEMBLY

• Install cylinder liner clamps tool on the cylinder
block using Mot. 588 and Mot. 588.99.

NOTE: The dowel (C) in the cylinder block is the
cylinder head locator.

Mot. 588 and
Mot. 588.99

r
I

REMOVE OR DISCONNECT

• The cover plate (A) for accessto the oil pump drive
gear and shaft.

• The oil pump drive gear and shaft.
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ENGINE OVERHAUL & REBUILD

ENGINE DISASSEMBLY

REMOVE OR DISCONNECT

• Intermediate drive shaft sprocket retaining nut (1)
using the hold tool (Mot. 855) and a
socket/breaker bar assembly.

~
Mot. 855

• Woodruff key from shaft

• Seal housing (3) - remove and discard used seal

• Shaft retaining fork (4)

• Intermediate shaft.

• Oil pan and gasket
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ENGINE OVERHAUL & REBUILD
ENGINE DISASSEMBLY

REMOVE OR DISCONNECT

• Oil pump

• Crankshaft timing sprocket

• Position sprocket removal tool B.Vi. 28-01 (with
shaft end protector tool Rou. 15-01) with the jaws
inserted behind the spacer (1).

• Pull the spacer (1) and sprocket (2) forward from
the crankshaft until the spacer stops at the key (3).

• Do not force the spacer beyond this position.

• Remove the tools, then install them with the jaws
inserted between the spacer (1) and the sprocket
(2).

• Pull the sprocket (2) from the crankshaft.

NOTE: If there is not enough space between the
spacer (1) and the sprocket (2) to insert the
tool jaws, insert 2 mm (0.078 in) metal strips
between the washer and sprocket. Insert the
jaws behind the washer and pull the spacer
and sprocket from the crankshaft until the
washer stops at the key.

83-6
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ENGINE OVERHAUL AND REBUILD
ENGINE DISASSEMBLY

IMPORTANT

Hand stamp the cylinder number on the upper
surface of each piston and sleeve. The pistons,
sleeves, and connecting rods are not numbered. The
pistons and sleeves should be reassembled in the
same position that they were removed if they are to
be reused. The cylinders are numbered 4 through 1
from front to back.

CAUTION
The rod and main bearing caps must be kept in the
order they were disassembled. These items are not
marked! This must be done to insure proper
reassembly. Reminder: Cylinders are designated 4
to 1 from front to rear - #4 being closest to the
ti ming belt.

REMOVE OR DISCONNECT

\l -'

I

[.

(j

• Connecting rod bearing cap nuts and bearing
inserts.

• Each connecting rod, cylinder liner and piston
assembly as a unit from the cylinder block.

2

3

4

• Piston and connecting rod assemblies from the
cylinder liners.

NOTE: Each piston and cylinder liner are matched as
a set at the time of manufacture. Mark each
piston and liner to ensure that they remain a
matched set. This is especially important if
the pistons and sleeves are to be reused but
also applies to new assemblies.
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ENGINE OVERHAUL AND REBUILD
ENGINE DISASSEMBLY

i
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REMOVE OR DISCONNECT

• Flywheel
- Install flywheel holding plate to prevent the

crankshaft from turning and removing the
flywheel/drive plate from the crankshaft.

• Main bearing bolts and caps.

NOTE: The number one cylinder is located at the
flywheel/drive plate end of the cylinder
block ..".

NOTE: The number one (1) and number five (5) main
bearing caps may be difficult to remove. For
a removal aid, fabricate a tool as illustrated
using 1/8" strap iron. Attach the tool to each
bearing cap and use a pry bar to remove the
bearing caps. Thoroughly clean the sealant
from the sides of the bearing caps.

• The bearing inserts from the caps.

• The crankshaft and bearing upper inserts.
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ENGINE OVERHAUL AND REBUILD
CYLINDER HEAD
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REMOVE OR DISCONNECT

• Camshaft oil seal (E) by prying it out gently with a
small pry tool.

CAUTION
When removing the camshaft oil seal, use care to
prevent scratching the oil seal contact surface on
the camshaft.

• Camshaft

,
( ,

l.-

• Compress each valve spring with a valve spring
compressor and remove:

valve locks (1)
retainer (2)
valve spring (3)
washer (4)
valve stem oil deflector (5)

• Remove the valves from the cylinder head.

83-9
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ENGINE OVERHAUL AND REBUILD
CYLINDER HEAD

CLEANING

• Clean all components and keep matched items
together.

• It is very important not to scrape the gasket
faces on aluminum parts.

• Use a gasket solvent solution to disolve any
part of the gasket still remaining stuck to the
cylinder head.
- Brush the liquid onto the area to be cleaned;
- Wait about 10 minutes, then lift the

remnants off with a wooden scraping tool.
- Gloves should be worn during this operation.

• The valve chambers can be cleaned with a very
fine wire brush in an electric drill.

• A soft abrasive scouring pad such as
Scotchbrite~ or equivalent may be used with
solvent to clean surfaces.

• All grease, oil, & carbon should be removed
with a good quality cleaning solvent and
thoroughly dried with compressed air.

• Thoroughly clean and flush camshaft and its oil
passages. Dry with the compressed air.

WARNING

I

I

r

I
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Always keep sparks and open flame away from
commercial solvents and cleaners to prevent fire
from occuring. Always follow manufacturer's
instructions when using these types of products.
Safety eyewear should always be worn when
working with compressed air.

MEASURE

• Use a straightedge (A) and a set of feeler gauges
to measure the cylinder head for flatness.

The maximum allowable distortion is 0.05 mm
(0.002 in)

IMPORTANT

• The cylinder head must not be resurfaced. If it is
not within the distortion specification, it must
be replaced.

WARNING
A warped head could be caused by an overheat
condition. Check cooling system (See Section E 
Cooling System)
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ENGINE OVERHAUL AND REBUILD
CYLINDER HEAD

INSPECT

• Inspect head for heat and stress cracks and
warpage.

• Inspect valve seats for excessive wear and
cracks.

• Inspect valve guides.

• Inspect cam bearing bores for scoring and wear.
If the bores are excessively scored or worn,
replace the cylinder head.

• Inspect camshaft lobes and journals for
excessive wear and scoring. If the lobes are
excessively worn or scored, be sure to inspect
the rocker area for similar wear.

• Inspect for cracks in the combustion chambers
and valve ports. Inspect for cracks in the gasket
surfaces at each coolant passage.

• Inspect valve heads for burns, cracks, pitting or
warpage.

• Inspect for scuffed or bent valve stems.

• Replace all damaged valves.
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ENGI.E OVERHAUL AND REBUILD
CYLINDER HEAD

VALVE SEAT REFACING

Refer to the Engine Specifications; chart on page
81-13.

Use tapered stones to obtain thee specified seat
widths when necessary. o

A. Correct Valve Facing
B. Incorrect Valve Facing
C. Valve Margin
D. No Valve Margin

indicator (E) and
mm (0.0025 in).

Install the correct size pilot in each ~alve stem guide
bore and reface each valve seat ---to the specified
angle. Use a dressing stone that is in.good condition.

Measure the seat runout with a dial
control it to a maximum of 0.0635

If any valve faces are excessively wo •••.nor the facing is
incorrect, they must be replaced.

Use valve spring compressor to COI mpress the valve
springs.

VALVE REFACING

The valves cannot be refaced.

VALVE INSTALLATION

Install the valves, replacement
deflectors (5), valve spring washers
(3), retainers (2) and locks (1).

valve stem oil
(4), valve springs

2

3

5

4
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ENGINE OVERHAUL AND REBUILD
ROCKER SHAFT
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IMPORTANT

The rocker shaft oil filter must be changed every
64,360 km (40,000 miles) and whenever repair
operations are undertaken as a result of metal
particles being found in suspension in the oil. If the
above incident occurs, then the engine oil and main
oil filter should be changed as well. Use Clamp Tool
Mot. 445 on the oi I fi Iter.

REMOVE OR DISCONNECT

• the camshaft thrust plate (4)

• the end plug (5)

• the filter (A)

• the number one shaft bearing (6)

• the retaining pin (7)

• the number five shaft bearing (8)

• the remaining shaft bearings and rocker arms

• keep all the parts in the same order removed to
aid installation at the original locations.

Clean

• All arms and springs with solvent and dry with
compressed air.

• Shaft inside and out.

Inspect

• Arms for excessive wear

• Shaft for wear and grooves

B3-13



ENGINE OVERHAUL AND REBUILD
ROCKER SHAFT

INSTALL OR CONNECT

• Reassemble rocker shaft assembly in the reverse
order of disassembly. Lubricate with engine oil
during assembly.

NOTE: Shaft bearings number one, two, three and
four (B) are identical. Shaft bearing number
five has two threaded holes (C) for retaining
the camshaft thrust plate and a hole for the
retaining pin (7).

The intake and exhaust valve rocker arms are
identical.

The oil hole (D) in each rocker arm is for camshaft
lubrication.

Tighten
Torque tighten the plug to 2 daNm (15 Ib.lft.) This
torque setting must not be exceeded or damage will
result to the roll pin in bearing 5.

B3-14
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ENGINE OVERHAUL AND REBUILD
OIL PUMP
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REMOVE OR DISCONNECT

• the pressure relief valve (6) from the pump
housing.

• oil pump housing cover

INSPECT

Measure the oil pump gear-to-housing clearance (A)
with a feeler gauge.

• minimum clearance - 0.05 mm (0.002 in)

• maximum clearance - 0.12 mm (0.005 in)

Measure the gear end-clearance (B) with a
straight-edge and feeler gauge.

• minimum clearance - 0.02 mm (0.001 in)

• maximum clearance - 0.10 mm (0.004 in)

INSTALL OR CONNECT

• Oil pump housing cover
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ENGINE OVERHAUL AND REBUILD
CYLINDER BLOCK AND RELATED PARTS

CLEAN AND INSPECT

Clean

• Clean all components and keep matched items
together

• It is very important not to scrape the gasket faces
on aluminum parts.

• Use a gasket solvent solution to dissolve any part
of the gasket still remaining stuck to the cylinder
block.
- Brush the liquid onto the area to be cleaned;
- Wait about 10 minutes, then lift the remnants

off with a wooden scraping tool
Gloves should be worn during this operation.

• Clean the gasket faces on:
- cylinder head
- and sleeves

• A soft abrasive scouring pad such as Scotchbrite®
or equivalent may be used with solvent to clean
surfaces.

• Clean the cylinder block, paying special attention
to the lubrication channels.

• Blow dry with compressed air making sure all oil,
solvent, and foreign particles are removed.

WARNING
Always wear safety eyewear when worki ng with
compressed air.

IMPORTANT

Always clean new machined parts in the same
manner as reusable parts to make sure that no
foreign material is on or inside.

B3-16
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INSPECT

ENGINE OVERHAUL AND REBUILD
CYLINDER BLOCK & RELATED PARTS· CLEAN & INSPECT

INSPECT
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Cylinder block and related parts inspection.

BLOCK

• Check upper cylinder block for warpage. If over
.002", the block must be replaced.

• Check for cracks and irregularities in and
around all openings, bolt holes and on surfaces.

CAUTION
A warped block could be caused by a cooling
system malfunction. Check thoroughly (See
Section E, Cooling System).

CRANKSHAFT

• Check for: Evidence of overheating. If found,
replace crankshaft since the heat treatment has
been destroyed.

Check for: Scoring of bearing journals.

Check: Oil seal contact surface for roughness or
grooving.

NOTE: Any imperfections of the oil seal contact
surface will result in oil leakage at this
point. Slight ridges on the oil seal contact
area may be cleaned up with emery cloth
and crocus cloth. If the grooves are too
deep, the crankshaft must be replaced.

• Inspect for wear of thrust washer surface area.
• Measure all journals - see specifications in

General Section.

NOTE: Slight surface imperfection can be
"cleaned up" by using crocus cloth on the
journals. See "General Section" for
crankshaft recond iti oni ng.

MAIN AND CONNECTING ROD BEARINGS

If these are to be reused, check as follows:

B3-17

• Inspect for excessive grooving, wear through
aluminum tin coating, and foreign material
embedded in bearing surfaces.

• Inspect the backs of the bearing shells for
bright spots which indicate they have been
moving in the bearing caps or bearing supports.
If spots are present, discard bearings.

NOTE: Bearing failure may be the result of oil
deterioration (acid formation), oil
contamination, loss of oil pressure or
insufficient oil level. An oil analysis may
be required to determine actual cause of
the failure.

CAUTION

Always discard beari ngs if oi I has been
contaminated with antifreeze or metallic
particles from internal engine component
failure. Always use lubricating oils that meet the
recommended specifications and viscosity. See
Maintenance and Lubrication Section of this
manual or the Vehicle Owner's Manual.



ENGINE OVERHAUL AND REBUILD
CYLINDER BLOCK & RELATED PARTS - CLEAN & INSPECT

PISTONS AND SLEEVES

If these are to be reused, perform the following:

IMPORTANT

Failed or discarded parts should be inspected to
determine cause of failure.

Clean

• Pistons and sleeves with solvent and dry them
with compressed air.

• Ring grooves with a suitable tool or a piece of
an old compression ring that has been ground
to a bevel edge.

NOTE: Only the top of the piston may be cleaned
with wire brush to remove carbon
deposits. The top crown of the piston to
the edge of the wrist pin may also be
soaked with a multi-purpose household
detergent such as Mr. Clean@ or
equivalent to aid in removal of carbon
deposits. DO NOT wire brush the skirts of
the pistons under any circumstances.

• Inside surfaces of the piston and the oil drain
holes in the ring groove area. Exercise care to
avoid enlarging the holes while cleaning them.

• Cylinder liners inside and out. Remove all
carbon deposits. A wire brush may be used.

WARNING
Always wear safety eyewear when working with
compressed air.

INSPECT

• Cylinder liner for excessive out-of-round, taper,
or high spots which could cause failure of the
piston.

• Sealing areas on top and around the bottom of
the liner for wear, cracks, erosion, or any
irregular condition.

• Pistons for score marks, cracks, damaged ri ng
groove lands or indications of overheating. Any
piston that has been severely scored or
overheated must be replaced. Piston sleeves
must be replaced in matched sets. Single
piston/sleeve replacement is not acceptable.
Indications of overheating or burned spots on
the piston may be the result of an obstruction
in the connecting rod oil passage. Be sure to
check for cracks on the inside areas of the
piston.

B3-18
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ENGINE OVERHAUL AND REBUILD
CYLINDER BLOCK AND RELATED PARTS
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CAUTION
Excessively worn or scorned piston, rings and
cylinder liners may be an indication of abnormal
maintenance or operating conditions which
should be corrected to avoid recurrence of
failure.

In addition to performing proper maintenance,
use of correct types of lubrication filters, fuel
filters and air filters will reduce abrasive
particles and other foreign materials introduced
into the cylinders and oil passages,which will in
turn reduce the rate of engine wear .

Always insist on using oil filters recommended
by Winnebago Industries. The wrong filter could
cause serious internal engine damage due to
improper oil flow characteristics and by-pass
functions.

Always maintain lubricating oils and engine
coolant at the proper levels to prevent engine
overheating.

Extended periods of engine idling and/or use of
improper lubricating oil should be avoided
since a heavy formation of carbon may resul~
causing piston rings to stick.

A used cylinder liner must be honed to break
the glaze which results after long periods of
operation. This insures good "seating" between
the liner wall and the new piston rings. The
honed/deglazed cylinder liner must meet
specifications before it can be reused. See
specifications in "General Information".

The top of the liner must also be
"ridge-reamed" to prevent ridge impact by new
compression rings, which could result in ring
breakage.

83-19

Connecting Rods

Clean

• Connecting rod with solvent and dry with
compressed air. Blow compressed air through
the oil passage in the connecting rod to be sure
it is clear of obstructions.

INSPECT

• Con~ecting rod for cracks and worn or irregular
bearing areas. Replacethe rods if the metal has
changed colors due to overheating.

NOTE: If new connecting rods are required,
stamp the cylinder number on the
connecting rod and cap.



ENGINE OVERHAUL AND REBUILD
PISTON SLEEVE ASSEMBLIES

REMOVE OR DISCONNECT

• Sleeves from piston - connecting rod assemblies

• Rings from pistons.

IMPORTANT

The piston pins are pressed into the connecting
rods and rotate freely in the piston bores. To
remove and install the piston pins, use Piston Pin
Removal and Installation Tool Set Mot. 574-07.

Tool 574-07 Consists of:
• Support block (A)
• Extraction Mandrel (B)
• Guides (C)
• Insertion Mandrels (0)

The block has two (2) grooves (T) for the purpose of
alignment.

Presseach piston pin out of each connecting rod with
the extraction mandrel (B).

NOTE: The support block (A) and extraction mandrel
(B) are part of the tool set 574-07.
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ENGINE OVERHAUL & REBUILD
PISTON • SLEEVE ASSEMBLIES

REASSEMBLY

• Place the piston pin bore end (X) of the
connecting rods on a 1500 watt hotplate. Ensure
that they lay squarely on the hotplate.

NOTE: DO NOT use a torch to heat rod ends.

• Place a small piece of solder on each connecting
rod end to be used as a temperature guide.

NOTE: The solder should have melting point of
approximately 250°C (480°F).

• Heat the connecting rod ends until the solder
Iiquifies.

• Insert and ensure that each replacement piston pin
rotates freely in its respective piston bore.

i
(

\J

• Install a replacement piston pin (E) in the
applicable size insertion mandrel and guide (D).

• Screw the mandrel and guide together so they are
snug, but not too tight. The piston pin must be
free to rotate between the mandrel and the guide.

NOTE: The diameter in mm is stamped on each
insertion mandrel and thrust collar.

o E
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A7 C7 A7

Tool Mot. 574-07

Insertion mandrels used are marked as shown.

NOTE: Some insertion tools may be marked "23",
specifying a 23 mm bore.
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ENGINE OVERHAUL & REBUILD
PISTON • SLEEVE ASSEMBLIES

REASSEMBLY

• Install a thrust collar (C), which corresponds to the
piston pin diameter, on the support block.

• Clamp a piston to the support block with the clip.

NOTE: When installed in the support block, the
arrow on the piston top must face down.

• The recesson the outside of the piston bore must
rest on the thrust collar (C).

• The following installation procedure must be
performed quickly for each connecting rod to
ensure that the heat loss is kept to a minimum.

WARNING

The connecting rods are HOT. Use protective hand
wear and exercise care during installation.

When the solder liquifies and becomes a small drop:

• wipe off the solder
• insert the guide (with the piston pin and mandrel)

into the piston bore.
• position a connecting rod in the applicable piston

with the cylinder number mark (0) to the left and
oil hole in rod to oil galley inside.

NOTE: The cylinder number mark made during
removal must face the intermediate shaft
when the connecting rod is installed in the
cylinder block.

• QUICKLY insert the piston pin into the connecting
rod bore until the guide contacts the support
block. Pin should slide freely into bore. Do not
install using a press.

• after a few seconds, remove the piston and
connecting rod assembly from the support block

• remove the guide and mandrel assembly
• move the connecting rod from one extreme to the

other and ensure that the piston pin is properly
recessed from the outside perimeter of the piston
at all positions.

• repeat the installation procedure for the
remaining connecting rods and pistons.
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ENGINE OVERHAUL & REBUILD
PISTON - SLEEVE ASSEMBLIES

PISTON PIN SPECIFICATIONS

I, _

PISTON RING THICKNESS SPECIFICATIONS*

Install replacement rings on each piston:

Dimension mmin

Length

752.952

External Diameter

230.905

Bore

140.551

No. Description
mmin

(1) Top Compression

1.750.068

(1) Taper Compression

2.000.078

(1) Oil Scraper

4.000.157

• the taper compression ring (2) with the MARK
facing up

• the top compression ring (3)

• the oil scraper ring (1)

*Piston rings are pre-gapped.

• the piston rings are pre-gapped and the existing
gaps should not be changed.

r:( • locate the gaps on the pistons at 1200 intervals.
L-i
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ENGINE OVERHAUL & REBUILD
REASSEMBLE CYLINDER BLOCK ASSEMBLY

INSTALL OR CONNECT

The core plugs must not be removed (frost plugs):

• check that each cylinder head bolt screws in easily.

• screw the bolts in and out several times if required
to ease the threads.

TIGHTEN

If the oil galley plugs have been removed,
reinstall and tighten them to:

• Plug 1 8 daNm (60 Ib.lft.)
• Plug 2 2 daNm (15 Ib.lft.)
• All other plugs 4 daNm (30 Ib.lft.)

INSTALL OR CONNECT

• Insert the dipstick guide tube with its flange in
contact with the block.

• Rub the outside of the dipstick tube with emery

cloth if necessary to make ~t enter easier and
coat the stem with Loctite or equivalent.

• Attach the cylinder block to support Mot. 792.

, "

l
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ENGINE OVERHAUL & REBUILD
REASSEMBLE CYLINDER BLOCK ASSEMBLY

INSTALL OR CONNECT

(
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• Insert the various studs. If removed, coat the
threads on those for the water pump and timing
belt cover with one or two drops of Loctite~ or
equivalent sincethe stud holes enter the cooling
circuit.
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ENGINE OVERHAUL & REBUILD
REASSEMBLE CYLINDER BLOCK ASSEMBLY

CYLINDER LINER PROTRUSION MEASUREMENT

The cylinder liners are the WET type and require an
O-ring seal to provide a seal between the liner and
the cylinder block.

The cylinder liner protrusion above the cylinder block
can be measured according to the following
procedure:

• with the O-ring seal installed, insert each liner in
its original position in the cylinder block

• insert a dial indicator into support block Mot.
251-01 and tighten the screw clamp

• place thrust plate Mot. 252-01 acrosseach cylinder
liner and measure the liner protrusion above the
cylinder block with the dial indicator and support
block.

• the liner protrusion tolerance specification is
0.08-0.15 mm (0.003-0.006 in)

If an incorrect liner protrusion is indicated, measure
the protrusion using a replacement liner to
determine if the cylinder block or the liner is
defective.

Refer to the cylinder liner and block dimensions
listed in the illustrations.

Dimension mm (in)

A

Liner height 148.5 mm
(5.846 in)

B

Bore diameter 88 mm
(3.464 in)

C

Base locating 93.6 mm
diameter

(3.685 in)

D

Liner protrusion 0.08 to 0.15 mm
w/o O-ring

(0.003 to 0.006)

E

Liner height (93.065 to 93.096)
to flange

(3.663 to 3.665 in)

F

Cylinder block 92.942 to 92.985 mm
depth to flange

(3.659 to 3.660 in)

G

Cylinder block 149.25 to 149.75 mm
depth

(5.875 to 5.895 in)

B3-26
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ENGINE OVERHAUL & REBUILD
REASSEMBLE CYLINDER BLOCK ASSEMBLY

r
I..:

rI
l "

! ;
I.~

l~
I
\ ...

I
\ ~

With all the cylinder liner protrusions within
tolerance, arrange them so that:

• the difference in protrusion between any two (2)
adjacent liners does not exceed 0.04 mm (0.002 in)

• the protrusions are stepped down from the
number one (1) cylinder to the number four (4)
cylinder or from the number four (4) cylinder to
the number one (1) cylinder.

• when the correct protrusion arrangement has
been decided, match each piston and connecting
rod assembly with its original liner and re-mark
each according to the new position.

Install the piston and connecting rod assemblies in
their matched set liners with piston installation
sleeve, Mot. 851.

83-27
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ENGINE OVERHAUL & REBUILD
REASSEMBLE CYLINDER BLOCK ASSEMBLY
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CRANKSHAFT INSTALLATION

• Clean the main bearing upper insert surfaces in
the cylinder block and install the replacement
upper bearings.

NOTE: All the upper bearings have lubrication holes.

• Position the crankshaft in the cylinder block,
lubricate and install main bearing caps numbers
two (2), three (3) and four (4) with the
replacement lower bearings in place.

• Insert and tighten the main bearing cap bolts to
8.8 - 9.8 daNm (65-72 Ib.lft.).

• Use a beam type torque wrench.

• Install the number one (1) main bearing cap (with
a replacement lower bearing) without the side
seals.

• Position a dial indicator (with a magnetic base) on
the number one (1) main bearing cap.

• Measure the crankshaft end-play.

• The end-play should be within 0.13-0.30 mm
(0.005-0.012 in)

• If not correct, replace the thrust bearings as
necessary to obtain the correct end-play.

• Install the number five (5) main bearing cap (with
a replacement lower bearing).

• Insert and tighten the main bearing cap bolts to
8.8 - 9.8 daNm (65-72 Ib.lft.) torque. Start with the
center pair and move alternately outward as you
tighten.

• Use a beam type torque wrench.

CAUTION
Be sure to mount the thrust bearings correctly. Oil
grooves must face the crankshaft thrust surface.
Make sure the locator pins seat into the holes
provided in the upper bearings in the upper half of
the block.
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REASSEMBLY CYLINDER BLOCK ASSEMBLY
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FRONT AND REAR MAIN BEARING SUPPORT SIDE
SEALS

Method 1

Install or Connect
• Remove main bearing capsNos. 1 and 5 and fit the

side seals to them.

NOTE: This engine requires useof the thickest of the
seals included in the gasket seal kit (5.40 mm
- .212" thick = white code).

• Eachseal should protrude below the surface of the
bearing cap (see illustration).

• Lubricate bearing shells.
• Apply liberal amounts of petroleum jelly to seals

and mating block surfaces.

Install or Connect
• Screw two locating studs (12 mm dia. x 1.50 pitch)

into the cyli nder block.
• Place Nos. 1 and 5 main bearing caps on the studs.
• Lower the assembly into the block.
• When each bearing cap is almost seated, make

sure that the side seals still protrude slightly by
measuring at (A).

• Take out the studs and screw in the cap bolts.

• Cut the ends of the side seals leaving 0.5 to 0.7
mm (.020 to .028") protrude above the pan joint
face.

0.2 mm d
(.ooa" approx.)

83-29



ENGINE OVERHAUL & REBUILD
REASSEMBLE CYLINDER BLOCK ASSEMBLY

FRONT AND REAR MAIN BEARING SUPPORT SIDE

SEALS (CONT.)

Method 2

Due to matching modifications in engine production,
lateral sealing of the main bearing caps cannot be
ensured with the butyl seals provided in the
gasket/seal kit.

Therefore, described here is an alternate methods of
sealing main bearing caps using Thixo-Caf 4/60
Silicone (50 ml tube). Thixo Silicone and an
application kit are available from our Parts Sales
Department. The applicatoin kit consists of:

• - 5 ml tube of hardener
• - mixing stick
• - 50 ml syringe
• - set mixing/application instructions

IMPORTANT

The product must be injected within
approximately 5 minutes to avoid the mixture
hardening in the syringe.

- Thoroughly clean the surfaces at (A) on the
cylinder block and the main bearing cap using a
cloth dampened with cleaning solvent.
Lightly coat the lower faces of the cylinder block
at (8) with CAF4/60 THIXO but do not block the
oil retention grooves.

- Attach the cap and tighten to 8.8-9.8 daNm (65-72
Ib./ft.)

- Mix 45 ml of CAF4/60 THIXO with the contents of
the tube of hardener using the stick to blend the
mixture thoroughly.

- Put the mixture in the syringe and inject it into the
main bearing cap grooves.

- Allow the mixture to flow out slightly either side
of the main bearing cap grooves to ensure that
the injected mixture has filled the sealing groove
completely.

83-30

,-I
r
i
1

r
L

I

I

l
1

I.

L



ENGINE OVERHAUL & REBUILD
REASSEMBLY CYLINDER BLOCK ASSEMBLY
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FRONT AND REAR MAIN BEARING SUPPORT SIDE

SEALS (CONT.)

Method 2 (Cont.)

- Using a cloth, wipe away the excessmixture, both
inside and outside the cylinder block.

- PASS A STEEL WIRE THROUGH THE LUBRICATION
OIL WAYS TO CHECK THAT THEY ARE NOT
BLOCKED.

- Allow the assembly to dry for a few minutes, then
cut excess sealant from the joint face.
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TIGHTEN

Torque tighten the main bearing cap bolts using a
torque wrench.

8.8 - 9.8 daNm (65-72 Ib.lft.)

Check that the crankshaft rotates freely.
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ENGINE OVERHAUL & REBUILD
REASSEMBLE CYLINDER BLOCK ASSEMBLY

INSTALL OR CONNECT

• Mount the oil seals to main bearings Nos. 1 and 5.
The lips on these oil seals are delicate; be
extremely careful when mounting them.

• No. 1 main bearing oil seal (flywheel end). Place
the seal on Tool Mot. 789 and lubricate the
outside of the seal.

(",I
\ "'I
,_I

• Insert the seal by tapping the end of the tool
lightly until the tool contacts the crankshaft.

Mot. 789

IMPORTANT

If the old oil seal lip has marked the crankshaft
(flywheel end), a washer 1.5 mm (.059") thick must
be inserted between the new oil seal and the tool.
This will push the seal in further on the shaft and
give the lip an unworn bearing surface when in
position.
A. Normal position of oil seal using Tool Mot. 789.
B. Position the oil seal using Tool Mot. 787 and 1.5

mm washer (giving offset to lip on overhaul).



ENGINE OVERHAUL & REBUILD
REASSEMBLE CYLINDER BLOCK ASSEMBLY

INSTALL OR CONNECT

• No.5 main bearing oil seal (timing end). Place the
seal on Tool Mot. 788 and lubricate the outside of
the seal.

• Position the tool-seal assembly to the crankshaft
and draw it on with the pulley bolt. The seal is
fully seated when the tool contacts the crankshaft.

• Woodruff key on crankshaft.
• Air conditioner pulley (or spacer if not AlC

equipped).
• Crankshaft belt sprocket.

IMPORTANT

Ifthe old oil lip has marked the crankshaft (timing
gear end), a washer 1.5 mm (.059") thick must be
inserted between the new oil seal and the tool.
This will push the seal in further on the shaft and
give the lip an unworn bearing surface when in
position.
A. Normal position of oil seal using Tool Mot.

788.
B. Position of oil seal using Tool Mot. 788 and

1.5 mm washer (giving offset to lip on
overhaul).

Mount:
- the spacer
- key
- and timing sprocket, timing mark facing
outwards.
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ENGINE OVERHAUL & REBUILD

REASSEMBLE CYLINDER BLOCK ASSEMBLY
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PISTON, CONNECTING ROD AND CYLINDER LINER
INSTALLA TION

• Install a replacement O-ring seal (A) on each
cylinder liner.

• Ensure that the O-ring seal is not twisted.

• Install the appropriate size replacement upper
bearings in the connecting rods.

CAUTION

The upper bearings have lubrication holes (B); the
lower bearings do not have lubrication holes.
Ensure that the holes in the upper bearings are
aligned with the lubrication holes in the
connecting rods.

• Install the piston, connecting rod and liner
assemblies in the cylinder block with the upper
bearings and rods positioned on the crankshaft
journals.
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REASSEMBLE CYLINDER BLOCK ASSEMBLY
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Ensure that:

• the number one liner assembly is installed at the
flex plate end of the cylinder block.

The #1 liner assembly was determined by
protrusion measurements shown on page 83·26.

• A number is stamped on each connecting rod
toward the intermediate shaft side of the cylinder
block.

• the lubrication hole (B) in each connecting rod is
adjacent to the oil filter side of the cylinder block
on oil galley side.

• the arrow stamped on each piston points toward
the flywheel/drive plate end of the cylinder block.

• Install cylinder liner clamps Mot. 588 and spacers
Mot. 588.99.
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1\ ENGINE OVERHAUL & REBUILD

REASSEMBLE CYLINDER BLOCK ASSEMBLY
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• Install an appropriate size replacement lower
bearing in each connecting rod bearing cap and
lightly lubricate them with engine oil.

CAUTION
Ensure that each lower bearing is correctly
matched with its corresponding upper bearing.

• Install each connecting rod bearing cap on its
original connecting rod.

NOTE: The original connecting rod bearing cap bolts
and nuts cannot be reused. Use replacement
bolts and nuts when installing the connecting
rods.

• Install the connecting rod bearing cap nuts and
tighten with 6.0-6.5 daNm (44-48 Ib.lft.) torque.
Use a beam type torque wrench.

• Tap each connecting rod lightly parallel to the
crankshaft and ensure that there is adequate
clearance.

• Rotate the crankshaft and ensure that the pistons,
connecting rods and the crankshaft function
normally.

OIL PUMP AND OIL PAN INSTALLATION

• Install the oil pump.

1\ • Check for locator pins.,

i. • Tighten the oil pump bolts to 4.0-4.5 daNm(29-37
Ib.lft.)
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REASSEMBLE CYLINDER BLOCK ASSEMBLY

INSTALL OR CORRECT

• Position the oil pan gasket and install the oil pan.

• Tighten the retaining bolts to .8-1.0 daNm (5.8-7.3
Ib.lft.)

FLYWHEEl/DRIVE PLATE INSTALLATION

INSTALL OR CONNECT

• Apply Loctite~ or equivalent, on the crankshaft
mating surface for the flywheel/drive plate.

• Position the flywheel/drive plate on the crankshaft
and install Holding Tool Mot. 582.

NOTE: The original flywheel/drive plate self-locking
bolts are not reusable. Use replacement bolts
for each installation.

• Tighten the flywheel bolts to 6.0 daNm (44 Ib.lft.)
torque.

• Tighten the drive plate bolts to 6.8 daNm (50
Ib.lft.) torque.

• Do not remove Holding Tool.

83-38
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ENGINE OVERHAUL & REBUILD
REASSEMBLE CYLINDER BLOCK ASSEMBLY

CRANKSHAFT SPROCKET AND CRANKSHAFT
(VIBRATION DAMPER) PULLEY INSTALLATION

• The chamfered edge of the sprocket bore faces the
washer (A).

• Apply Loctite ® or equivalent, to the sprocket
mating surface on the crankshaft (vibration
damper) pulley.

• Position the crankshaft (vibration damper) pulley
on the end of the crankshaft.

• Install the crankshaft (vibration damper) pulley
fi washer and bolt. Tighten the bolt to 12.0 - 13.5
): daNm (88-100 Ib.lft.) torque.

• Remove Holding Tool from the flywheel drive
plate.

B3-39



ENGINE OVERHAUL & REBUILD

REASSEMBLE CYLINDER BLOCK ASSEMBLY

INSTALL OR CONNECT

• Insert the intermediate shaft, secure it by its
flange plate.

• Install timing belt tightener. Do not tighten at this
time.

• Position the intermediate shaft cover with a new
paper gasket and new oil seal. Use inserting tool
Mot. 790 in order not to damage the seal lip and
to assistcover location.

• Coat the bolt threads with one or two drops of
Loctitee or equivalent, since the holes pass
through the cylinder block which could lead to oil
leaks.

IMPORTANT

A washer 1 mm (.040") thick must be placed
between the oil seal and the inserting tool so that
the seal lip rides on a fresh surface if the
intermediate shaft has been marked by the old oil
seal.
A. Position when inserted with Tool Mot. 790.
B. Position when inserted with Mot. 790 plus a

mm washer after overhaul.

83-40
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ENGINE OVERHAUL & REBUILD

REASSEMBLE CYLINDER BLOCK ASSEMBLY

INSTALL OR CONNECT

n
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• The water pump with plunger and spring for the
timing belt tightener.

ADJUST

• Adjust the clearance between the tensioner and
adjusting bolt to 0.1 mm (.004") .

• Tensioner bolts (A) must be tight before making
adjustment.

83-41



ENGINE OVERHAUL & REBUILD

REASSEMBLE CYLINDER BLOCK ASSEMBLY

INSTALL OR CONNECT

• The intermediate shaft key and the toothed
sprocket, larger offset (d) facing outwards away
from the cylinder block.

• Torque tighten the bolt to 5.0 daNm (37 Ib.lft.)
using Strap Tool Mot. 855 and a torque wrench.
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• Install oil pump angle shaft. Lubricate before
installing.

• Check that the intermediate shafVoil pump
assemblyrevolves freely.
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ENGINE OVERHAUL & REBUILD
CYLINDER HEAD INSTALLATION

INSTALL CYLINDER HEAD ASSEMBLY

• Install Cylinder Head Locating Tool Mot. 720.

• Remove Cylinder Liner Clamps

• Install the cylinder head gasket.

• Use Locating Tool at (A) and the dowel (B) for
alignment.

• Position the cylinder head on the cylinder block.

Mot. 720

• Position the camshaft in the cylinder head.

• Position the rocker assembly in the cylinder head
with the rocker arm adjusting screws backed off.

• When installing the rocker arm assembly
components, ensure that the number five (5)
bearing retainer pin (E) is correctly seated.

• Insert and tighten the cylinder head bolts.

Cylinder head bolt tightening:

• Use the tightening sequence illustrated below.

i
I i
I,

• Initially tighten the bolts to 5.0 daNm (37 Ib.lft.)
torque.

• Next, tighten the bolts to 8.0 daNm (59 Ib.lft.)
torque.

• For the final tightening, loosen the bolts 1/2 turn
and then tighten them to 8.8 - 9.8 daNm (65-72
Ib.lft.) torque

• Remove Locating Tool

B3-43
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ENGINE OVERHAUL & REBUILD
CYLINDER HEAD INSTALLATION

INSTALL OR CONNECT

• Install the camshaft thrust plate (C)

• Install the replacement camshaft oil seal with Oil
Seal Installation Tool, Mot. 791-01.

• Measure the camshaft end play. Refer to the
Specifications chart on B1-13.

• Install the camshaft sprocket and retaining bolt on
the end of the camshaft.

• Use Sprocket Holding Tool Mot. 855 and tighten
the camshaft bolt to 5.8 daNm (37 Ib.lft.)

B3-44
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TIMING BELT INSTALLATION
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NOTE: The camshaft sprocket has a timing index (A),
two bosses (0), a rectangular hole (E) and a
key way (F) that are all used for valve
adjustments.

• Position the camshaft sprocket timing index in line
with the static timing mark in the timing belt
cover.

• Position the crankshaft so that the number one (1)
piston is at top dead center (TOC) - compression
stroke.

• Remove the plug in the cylinder block and insert
TOC Rod Mot. 861 into the TOC hole in the
crankshaft.

B4-1
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A. Camshaft Sprocket
B. Crankshaft Sprocket



TIMING BELT INSTALLATION

CAUTION
Do not use the TDC Rod (Mot. 861) to hold the
crankshaft in place when loosening or tightening
bolts. Use Flywheel Holding Plate Tool (Mot. 582).

• Install the timing belt on the spockets.

• The timing belt must be tight at the positions (A
and B) indicated.

Mot. 861

r
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r
(

Mot. 861
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TIMING BELT INSTALLATION
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• Position the timing belt cover over the sprockets
and check the camshaft timing mark with the
index on the cover.

TENSION ADJUSTMENT

• Remove TDe Rod and install the plug in the
cylinder block.

• Rotate the crankshaft clockwise (normal direction)
two complete revolutions.

CAUTION
Never rotate the crankshaft counterclockwise when
adjusting the timing belt tension.

• Remove the timing belt cover and loosen the
timing belt tensioner bolts (1) 1/4 turn.

• The spring loaded timing belt tensioner (2), in
contact with the belt, will automatically adjust to
the correct position.

• Ensurethat the clearance between the timing belt
tensioner and the intermediate shaft cover is
correct.
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TIMING BELT INSTALLATION

• See Belt Tensioning Procedure - page B7-1.

• Tighten the bottom timing belt tensioner bolt
(first) and then the top bolt to 2.5 daNm (18Ib.lft.)
torque.

• Test the timing belt tension with Tension Gauge
Tool, Ele. 346.

• Check for proper deflection.
Deflection: 5.5-7.0 mm (0.216 - 0.276 in)

• Install the timing belt cover.
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ROCKER ARM CLEARANCE ADJUSTMENT

(FIRST PROCEDURE)

I
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IMPORTANT

If the engine is equipped with a timing belt cover
rear window (on the back side of the timing belt
cover), use the first procedure to adjust the rocker
arm clearances.

If the engine is not equipped with a timing belt
cover rear window, use the second procedure to
adjust the rocker arm clearances.

CLEARANCE ADJUSTMENT

Rotate the crankshaft clockwise (viewed from the
front of the engine) and align the number one (1)
piston TDC mark on the camshaft sprocket with the
index (A) in the timing belt cover front window.

NOTE: Ensure that the mark on the camshaft
sprocket represents TDC for the number one
(1) piston and not for the number four (4)
piston. This number one (1) piston is at the
flywheel/drive plate end of the cylinder
block.

Rotate the crankshaft clockwise (viewed from the
front of the engine) until the first mark (B) on the
back side of the camshaft sprocket is aligned with
the index in the timing belt cover rear window.

B5-1



ROCKER ARM CLEARANCE ADJUSTMENT
(FIRST PROCEDURE)

• Use Tool Mot. 647 to perform the adjustments.

CAUTION

Rocker Arm Clearances

(Engine Cold)
Intake 0.10-0.15 mm

(0.004-0.006 in)

r
I

[.

r

r

r:

c
0.20-0.25 mm

(0.008-0.010 in)
Exhaust

When tightening each adjustment screw (C),ensure
that the bottom of the screw is aligned with the
valve stem (0). If the adjustment screw is not
aligned with the stem when tightened, it can cause
the stem to bend.

• Rotate the crankshaft clockwise until the second
mark on the back side of the camshaft sprocket is
aligned with the index in the rear window.

• Refer to the Rocker Arm Clearance Adjustment
Sequence chart on page 85-3. Continue until all
rocker arm clearances have been adjusted. [
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ROCKER ARM CLEARANCE ADJUSTMENT

(FIRST PROCEDURE)

Mark on Sprocket

ROCKER ARM CLEARANCE ADJUSTMENT SEQUENCE

Intake Exhaust

2

3

4

2

3

4

4

2

3

(0014 . )f 035. 1* R k A CI. h ThVa ve Tlmlna Witeoretlcaoc errmearance 0 mmIn

Intake Valve Opens

Intake Valve ClosesExhaust Valve OpensExhaust Valve Closes
B.T.D.C.

A.B.D.C.B.B.D.C.A.T.D.C.

12°

52°52°12°

*Theoretical clearance is a reference for valve timing check only and does not indicate normal running
clearances.

4

Valve Adjustment
Sequence
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ROCKER ARM CLEARANCE ADJUSTMENT
(SECOND PROCEDURE)

• Install the ignition distributor at the rear of the
cylinder head.

• Remove the distributor cap and rotor.

• Rotate the crankshaft clockwise (viewed from the
front of the engine) and align the number one (1)
piston TOC mark on the camshaft sprocket with
the index (X) in the timing belt cover window.

NOTE: Ensure that the mark on the camshaft
sprocket represents TOC for the number one
(1) piston and not for the number four (4)
piston. The number one (1) piston is at the
flywheel/drive plate end of the cylinder
block.

• Position Alignment Rotor Ms. 1774 (A) on the
distributor shaft.

• Position Flexible Pointer Mot. 591-02 (8) on
cylinder head bolt number 10 (tightening
sequence number)

• Align the pointer with the TOC index (C) on the
alignment rotor.

85-4
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ROCKER ARM CLEARANCE ADJUSTMENT
(SECOND PROCEDURE)

E

Ms. 1774

c

CAUTION

When tightening each adjustment screw (C), ensure
that the bottom of the screw is aligned with the
valve stem (D). If the adjustment screw is not
aligned with the stem when tightened, it can cause
the stem to bend.

• Rotate the crankshaft clockwise slowly until the
number one (1) index (D) on the alignment rotor is
aligned with the flexible pointer.

• Rotate the crankshaft clockwise (viewed from the
front of the engine) two complete turns to ensure
that the flexible pointer and the alignment rotor
are aligned when the number one (1) piston is at
TDC.

• Use Tool MOT 647 to perform adjustments.(.
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ROCKER ARM CLEARANCE ADJUSTMENT

(SECOND PROCEDURE)

• Adjust intake valve number two (2) and exhaust
valve number four (4) with Adjustment Tool Mot.
647 to obtain the specified clearances. Refer to
the Rocker Arm Clearances chart.

• Rotate the crankshaft slowly until the number
two (2) index (E) on the alignment rotor (A) is
aligned with the flexible pointer (B).

• Refer to the Rocker Arm Clearance Adjustment
Sequence chart and continue until all the rocker
arm clearances have been adjusted.

Intake 0.10-0.15 mm
(0.004-0.006 in)

Exhaust

0.20-0.25 mm
(0.008-0.010 in)

Valve Timing with Theoretical'" Rocker Arm Clearance of 0.35 mm (0.014 in.)

"'Theoretical clearance is a reference for valve timing check only and does not indicate normal running
clearances.

Intake Valve Opens
Intake Valve ClosesExhaust Valve OpensExhaust Valve Closes

B.T.D.C.
A.B.D.C.B.B.D.C.A.T.D.C

12°

52°52°12°

ROCKER ARM CLEARANCE ADJUSTMENT SEQUENCE
\

r

i

r

r.

L

[:

4

2

3

Exhaust

2

3

4

Intake

2

3

4

Mark on Alignment Rotor

• Remove the flexible pointer from the cylinder
head and the alignment rotor from the distributor.
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FINAL ASSEMBLY

INSTALL OR CONNECT

Iu

• Distributor assembly.

• Valve cover. Tighten nuts to 0.4-0.6 daNm (3.0-4.5
Ib.lft.)

• Intake and exhaust manifolds.

• All accessory equipment.

• All drive belts (See Belt Tensioning, pages B7-1 &
87-2)
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BELT TENSIONING
PROCEDURE

The tensioner must be slack when installing a belt to
avoid damaging the belt when forcing it over the
pulley.

Checking Method

• Make sure the underside of the rubber ring is
aligned with the zero mark on the plunger.

• Lay the bar along the belt with the plunger
centered between the pulleys.

• Pressthe top of the tool until the sliding pin (C) on
the side just touches the top of the plunger slot.

• Remove the tool to read the amount of belt play
at the underside of the rubber ring.

1

c

-0 -
Timing Belt

See 84-4 - Timing Belt Installation

Deflection: 5.5-7.0 mm

Serpentine Drive Belt:

• Measure the deflection at (F)

new - 1.5 mm/800-890 N (180-200 Ibs.)

existing - 2.5 mm/623-712 N (140-160 Ibs.)

Power Steering Belt:

• Measure the deflection at (F1)

new - 3.5 mm/556-689 N (125-155 Ibs.)

existing - 5.3 mm/400-512 N (90-115 Ibs.)

1. Crankshaft
2. Water Pump
3. Alternator
4. AlC Compressor
5. Power Steering Pump
6. Idler Pulley

R7-1

Belt Tensioning Tool - Ele. 346-02

fJ

[
l



BELT TENSIONING
PROCEDURE

• Loosen bolt A and adjust serpentine belt tension
by turning shaft B.

• When tension is correct, tighten bolt A.

Alternator/Serpentine Belt Adjuster

o

• Loosen power steering pump mounting bolts (D).
Pivot the pump to adjust the belt tension.

• Retighten pump mounting bolts.

Mounting Bracket Bolts (D)
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ENGINE WATER PUMP
REMOVE AND REPLACE

IMPORTANT

The water pump cannot be repaired. Change the
component if any part is worn.

REMOVAL

The timing belt tensioner need not be removed:
• Using a long hose clamps as shown, hold the

timing belt tensioner plunger in position and
prevent spring from flying out.

• Remove the water pump.

Changing the gasket between the water pump and
plate.

• Hold the water pump body in a vise and loosen
the plate.

• Clean the joint faces by moving the plate around
the pump shaft out of the way.

• Select the gasket which fits between the water
pump and cylinder block. Make the cut-outs
shown in the illustration below to allow the
gasket to slip between the water pump body and
the plate.

NOTE: Special points concerning refitting:

- Clean all joint faces before fitting new dry gaskets.

• Hold the timing belt tensioner plunger in position
as before when refitting the pump.

INSTALLATION

• Mount the water pump to the cylinder block
followed by the coolant hoes to the pump.

• Fill and bleed the cooling circuit - (See Section E 
Cooling System)

88-1
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OIL PRESSURE CHECKING
PROCEDURE

Check the oil pressure when the oil temperature
reaches 80°C (176°F).

Run the engine and observe oil pressure:

I
Il

[

[

at idle
at 3,000 rpm

0.8 bar (11 1/2 psi) minimum
3.0 bars (44 psi) minimum

Oil Pressure Gauge
Connection Points

Alternate Location

Remote OiI FiIter

89-1
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IGNITION SYSTEM
OPERATING PRINCIPLES
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(T.D.C. Sensor)
It indicates:
- the position ofthe top dead center (T.O.C.) (1) and

the position of the bottom dead center (B.O.C.)
(2),
the engine RPM.

This sensor cannot be adjusted - it is preset on its
support bracket.

FLYWHEEL (V)
There are 44 evenly spaced tooth positions around
the fly wheel circumference. Two teeth have been
eliminated for each half-revolution in order to
obtain a timing mark located at an absolute 90°
angle from top and bottom dead center positions.
(There are actually only 40 teeth on the flywheel.)

It must be mounted on the clutch bell-housing with
cap bolts.

The distributor cap sends this high tension current to
the four spark plugs, in the correct firing order.

VACUUM SENSOR (C)
Although this sensor appears to be identical to the
vacuum diaphragm found in a conventional ignition
system, its internal design is quite different.

According to the information received from both
sensors, the module sets the ignition advance ratio
and regulates primary voltage which is then.
transformed into high voltage current through the
coil.

MAGNETIC POSITION SENSOR (P)

The ignition module is fed by two sources of
information:
a. The magnetic position sensor (P).
D. The vacuum sensor (C).

Do not remove this sensor. It is permanently
connected to the ignition module by a small gauge
wire which will break if any attempt is made to
remove the sensor unit.

Engine
RPM

Engine
vacuum

IGNITION MODULE (E)
The ignition module is an electronic device
(microprocessor) that calculates the ignition timing
advance ratio according to engine RPM and engine
vacuum.
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IGNITION SYSTEM

OPERATING PRINCIPLES

The ignition module identification label is affixed to
the lower side as shown.

CONNECTOR IDENTIFICATION

C - Tachometer
A - Positive Lead (+)
B - Ground (-)
o - TOC Sensor
E - Center Terminal hooks to ground for timing
modification of _2°

I:I _

IGNITION TIMING

Ignition timing adjustment is not possible and should
not be attempted.

The timing advance range is programmed into the
ignition module, which responds to vacuum signal
(indicating engine load) and TDC sensor signal
(indicating engine flywheel position and rpm).
Timing is then adjusted automatically to correspond
with those conditions. (Refer back to IGNITION
MODULE.)

If timing is incorrect, check:

• vacuum lines

• TDC sensor

C BAD E

• ignition module

DISTRIBUTOR (M)

The distributor cap and rotor arm feed high voltage
to each spark plug according to their firing order.
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IGNITION SYSTEM
DIAGNOSTICS

MAGNETIC POSITION SENSOR (P)
(T.D.C. Sensor)

The sensor can be tested using an ohm meter
connected between the wire connector pins.

p

1

100-200 ohms (150 ohms.±. 50)
170-270 ohms (220 ohms.±. 50) @
680 F. (20° C)

Renix:
Siemens:

For correct operation the sensor must be at a
distance (A) of between 0.5 and 1 mm (0.020 and
0.039 in) from the flywheel.

The engine may be equipped with either a Siemens
or a Renix sensor. These sensors have different
resistance values as shown below.

IMPORTANT

Absolutely no interference between the flywheel
and the magnetic position (TDC) sensor can be
tolerated. A warped, bent, or damaged flywheel can
cause an interruption in the signal sent to the
ignition module, resulting in either complete or
intermittent ignition loss. An ignition analyzer
oscilliscope is extremely useful in diagnosing ignition
poblems. Do not rule out the possibility of bad spark
plugs, plug wires, distributor cap and rotor in the
case of an ignition interruption. Eliminate these
possibilities before condemning the ignition module.

WARNING
Do not short out the high tension lead (coil wire)
on the ignition module body. This can cause
permanent damage to internal cicuitry of the
module.

SPECIFICATIONS:

,
L

l

l
[

l

Firing Order: 1-3-4-2
Spark plug gap :.022 in - .026 in
Plug type - Champion RS9YCor AC CR42LTS
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SECTION "C"

FUEL SYSTEM

Subsection 1 • General Information

C1-1 Special Service Tools
C1-2 General

Subsection 2 • Fuel/Air Delivery Components

C2-1 L-Jetronic Fuel Injection System Diagram
C2-2 Electric Fuel Pump
C2-3 Fuel Pressure Regulator - Fuel Injectors
C2-4 Airflow Meter - Throttle Plate - TPS Switch
C2-5 Oxygen (02) Sensor - Cold Start Injector
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Subsection 6 • Adjustments

C6-1 Idle Speed - Airflow Meter Bypass



Subsection 7 • Emission Control

C7-1 Emission Control System Diagram
C7-2 Fuel Vapor Recovery - Positive Crankcase Ventilation
C7-3 Exhaust Gas Recirculation System (EGR)
C7-4 Emission Control System Operation
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C8-1 Fuel Tank Removal and Reinstallation
C8-2 Fuel Gauge Sending Unit Removal and Replacement
C8-3 Roll-Over Valve

[

r

l~
['



ENGINE FUEL SYSTEM

SPECIAL SERVICE TOOLS
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Crankshaft sprocket removal tool
Order Tool No. 700012-27-301 EA

Fuel Pressure Gauge
Order Tool No. 700000-01-000 EA

3-Way Adapter (for fuel gauge)
Order Tool No. 700000-02-700 EA

Bosch Test Harness
Order Tool No. 700000-03-000 EA

Bosch Injection Tester
Order Tool No. 700000-04-000 EA
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DIAGNOSIS

SYSTEM OPERATION

A. A multi-point fuel injection system with
oxygen (02) sensor feedback for fuel and
emission control

There are two modes of operation for the
feedback system:

Basically, the system will be in the open loop
mode of operation whenever the engi ne
operating conditions do not conform to the
programmed criteria for closed loop operation.

• open loop
• closed loop

ENGINE FUEL SYSTEM
GENERAL

admitted into the engine by a potentiometer
(located on the end of the flap shaft) and a
temperature sensor

• the ignition coil, where the primary winding
tach voltage is used to determine the engine
speed.

• the coolant temperature sensor (located on the
thermostat housing) for fuel mixture
enrichment while the engine is cold

• The throttle position switch (TPS) located on
the throttle plate shaft, which is used to
indicate the idle and wide-open-throttle (WOT)
positions.

1. the fuel vapor recovery system
2. the positive crankcase ventilation (PCV)

system
3. the exhaust gas recirculation (EGR)

system
4. the catalytic converter system

B. Four emission control systems:

The fuel injection system can be tested with
Electronic Diagnostic Tester. The system is
equipped with diagnostic connectors for this
purpose.

The fuel system consists of:

SYSTEM DESCRIPTION

The electric fuel pump delivers fuel from the fuel
tank, through a filter, to the injector ramp
assembly.

The pressure regulator, connected to the fuel tank
return hose, maintains a pressure of 2.5-3
bars/36-43 psi in the injector ramp assembly.

During open loop operation the air/fuel mixture is
maintained at a programmed ratio that is
dependent on the type of engine operation
involved.

The oxygen (02) sensor data is ignored by the
electronic control unit (ECU) during this mode of
operation.

I
I
\

The regulator is connected to the intake manifold
for pressure compensation based on the intake
manifold vacuum.

The following conditions involve open loop
operation:

The injectors are controlled by the electronic
control unit (ECU).

They inject fuel twice per engine cycle, which
allows the use of a conventional ignition
distributor, with no extra contacts for timing the
injected fuel.

The electrical input to the fuel pump is controlled
by the control relay.

The electronic control unit (ECU) controls the
injector time interval and changes it according to
input from:

• the airflow meter, which continuously
measures the volume and density of the air

• engine start-up
• the coolant temperature less than 17°C (63°F)
• the engine is at idle speed and the coolant

temperature is between 17° C and 45°C (63° F
and 113°F)

• the oxygen (02) sensor temperature is too low
• the engine is at wide open throttle (WOT)

NOTE: The temperatures are nominal values.

When all input data conforms to the programmed
criteria for closed loop, the oxygen content
output voltage from the oxygen sensor is
accepted by the electronic control unit (ECU).

This results in an airlfuel mixture that will be
optimal for the engine operating conditions at
the time.
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ENGINE FUEL SYSTEM
GENERAL

Closed loop operation occurs when:

• the coolant temperature is greater than 45°C
(113°F), except when the engine is at WOT

• the engine is above idle speed and the coolant
temperature is between 17°C and 45°C (63°F and
113°F)

The cold start injector is controlled by the
thermotime coolant switch.

When the starter motor is engaged, it provides the
fuel enrichment necessary for cold starts.

The supplementary air regulator is controlled by a
bimetallic spring that is heated by the ambient
temperature of the engine and by an electric heater.

The variable amount of supplementary air required
for cold engine operation is supplied by this
regulator. The air bypasses the throttle plate.

The fast idle solenoid, attached to the air bypass unit
near the idle speed adjustment screw, provides an
additional air circuit that compensates for the
decrease in idle speed that results from A/C

compressor operation.

The fast idle solenoid is also operational when the
starter motor is engaged.

The timer relay energized the fast idle solenoid for
approximately 3 seconds after the starter motor is
de-energized.

C1-3
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ENGINE FUEL SYSTEM

(FUELtL-JETRONIC SYSTEM DIAGRAM)
SYSTEM COMPONENTS

23
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1. Airflow meter (with air temperature sensor)
2. Electronic control unit (ECU)
3. Fuel injector
4. Cold start injector
S. Coolant temp. sensor
6. Coolant temp. thermo-time switch
7. Supplementary air control valve
8. Control relay
9. Ignition distributor
10. Air intake manifold chamber
11. Throttle plate
12. Throttle position switch

C2-1

13. Fuel filter
14. Electric fuel pump
1S. Fuel tank
16. Exhaust manifold
17. Oxygen sensor
18. Catalytic converter
19. Fuel pressure regulator
20. Ignition control module (lCM)
21. Atmospheric Pressure Sensor
22. Idle adjustment & idle solenoid
23. Tachometric relay (ATX) or Full Enrichment

Time Delay System (S-Speed)



ENGINE FUEL SYSTEM

FUEL PUMP

-,

FUEL PUMP

The purpose of the fuel pump is to keep the injection
system under operating pressure.

This pump is a roller type with a permanent magnet
electric motor which is immersed in fuel. It has a
check valve designed to keep the circuit under
pressure after the engine has stopped.

It is fed through two terminals, marked + and - to
ensure that it rotates in the correct direction.

The pump is located next to the left front frame
member.

NOTE: Stopping the engine causes the pump to stop
even if the ignition remains on.

J7T ENGINE· Current is routed through a control
relay located near the test plugs in the engine
compartment.

CAUTION
The sender pickup is equipped with a 50 micron
filter screen for fuel pump protection. Removal or
modification may result in pump failure.

2 - Check valve
3 - Safety valve

1 - Discharge side
4 - Suction side
5 - Multi-celled roller pump
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ENGINE FUEL SYSTEM

FUEL PRESSURE REGULATOR/INJECTORS

Fuel Pressure Regulator

Fuel pressure is maintained at a constant level by
means of a pressure regulator. The regulator consists
of a metal casing inside of which a spring-loaded
diaphragm opens a discharge line whenever the
pressure in the circuit exceeds the regulated
pressure.

The spring chamber is connected by a tube to the
intake manifold.

The difference between the manifold pressure and
the fuel pressure is thereby kept constant, so that the
pressure drop at the injectors is the same under all
load conditions.

Fuel Injectors

r

The electronmagnetically controlled injector consists,
basically, of a valve body and injector needle with a
magnetic core. The moveable magnetic core is part
of the needle, and the needle is compressed by a
helical spring against the injector body seat. At the
rear, the injector body has a magnetic winding; in
front, it has a guide for the injector needle.

1 - Fuel line
2 - Fuel tank return line
3 - Valve carrier
4 - Diaphragm
5 - Spring
6 - Intake manifold connector
7 - Valve

1 - Injector needle
2 - Magnetic core
3 - Magnetic winding
4 - Electrical connection
5 - Filter

4

Each cylinder has one injector located in the intake
tube, which atomizes the fuel ahead of the intake
valve.

Signals from the control unit create a magnetic field
in the winding; the core is attracted and the injector
needle is pulled away from its seat. The passage for
the fuel under pressure is now open. Core travel is
about 0.15 mm (about 0.006 in.). Opening time is
determined by the control unit depending on engine ~
operating conditions at the time. .-

This method of injection has the advantage of not
only requiring low injection pressure but also of
allowing group injection, which simplifies the
technical construction of the system.
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ENGINE FUEL SYSTEM
AIRFLOW METER, THROTTLE PLATE & THROTTLE POSITION

The sensor flap has a rubber damper to protect the
sensor from any damage during back pressure peaks.

An air temperature sensor (22) is located in the air 0flow.

In the L-Jetronic system, all injectors are controlled as
one single group.

This method has the advantage of simplifying the
system considerably. However, in order to ensure
even fuel distribution, two injections occur for each
rotation of the camshaft. Each injection contains half
the amount of fuel required for one complete engine
cycle.

AIR FLOW METER

The function of the airflow meter is to supply a
voltage signal that varies with the amount of air
drawn in by the engine.

This air pushes against a movable sensor flap.

In response to the incoming airflow and the
opposing action of a spring, the flap is moved into an
angled position that is transmitted to a
potentiometer.

A compensation flap is attached to the sensor flap. It
has the same active surface area as the sensor flap, so
it compensates for pulsations resulting from any
possible back pressures. This keeps back pressure
from affecting airflow measurement.

THROTTLE PLATE AND THROTTLE POSITION SWITCH

In order to control the amount of air admitted to the
engine, a double throttle plate assembly with
delayed throttle plate opening is located after the
airflow meter.

A switch is attached to the throttle plate shaft with
one contact for idling and one contact for full
throttle. The control contact closes the idling contact
or the full throttle contact for a given air throttle
plate position. The control unit analyzes the output
signals to calculate the length of injection time.

2

1 - Integrator voltage adjustment screw
2 - Sensor flap
5 - Electrical connections
6 - Damping chamber
7 - Compensation flap

22 - Air temperature sensor

1 - Idling contact
2 - Full throttle contact

C2-4



ENGINE FUEL SYSTEM
OXYGEN SENSOR & COLD START INJECTOR

OXYGEN SENSOR

The construction of the oxygen sensor is shown in
the figure at right. The ceramic detector is housed in
a threaded metal base that allows it to be screwed
into the exhaust and also protects it from mechanical
damage. The outer surface of the ceramic body (2) is
located in the exhaust gas flow, while the inner
surface is in contact with the outside air by way of an
air passage (7).

The ceramic material acts as a conductor for oxygen
ions above a temperature of about 300°C (572°F). If
the oxygen content is different on the two sides of
the sensor, a voltage develops across the contact
surfaces. This voltage allows measurement of the
difference in oxygen content on both sides of the
sensor.

CAUTION

OXYGEN SENSOR

Oxygen sensor cross section:

1 - Protective sleeve
2 - Ceramic sensor
3 - Base
4 - Contact cover
5 - Protective cover
6 - Contact spring
7 - Air opening
8 - Electrical connection

9 - Exhaust gas

L

Use of leaded fuel will result in oxygen sensor
damage.

COLD START INJECTOR

Located near the air throttle plate, the cold start
injector is designed to enrich the air mixture by
finely atomizing the fuel in the intake manifold. It is
operative when the starter is activated and the
thermo-time coolant switch has closed the electrical
circuit.

C2-5

Cold Start

Injector

1. Electrical Connection
2. Fuel Inlet
3. Seal
4. Solenoid Core
5. Solenoid Coil
6. Rotary Nozzle
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ENGINE FUEL SYSTEM
THERMO-TIME COOLANT SWITCH & AUXILIARY AIR REGULATOR

THERMO·TIME COOLANT SWITCH

The thermo-time coolant switch is located in the left
front of the head. It limits the time the cold start
injector is energized. It is used for 8 seconds when
starting with a coolant liquid temperature of ·20°C
(-4°F). The use time is zero when the coolant
temperature reaches 35°C (95°F).

The time limit determined by the thermo-time switch
is obtained by means of a bi-metal strip heated by an
electrical resistance. This bi-metal strip breaks the
circuit depending on the temperature reached after
a certain heating time.

AUXILIARY AIR REGULATOR

The amount of auxiliary air required when the
engine is cold is supplied by a regulator that allows
air to bypass the throttle plate.

The opening section of the auxiliary air regulator is
automatically controlled by the temperature of the
cylinder head (to which it is attached) and by a
built-in electrical heater element.

C2-6
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1 - Contact
2 - Heating resistances
3 - Bi-Metal Strip
4 - Housing
5 - Electrical connection

Thermo- Time Coolant Switch

Auxl/lary Air
Regulator



ENGINE

FUEL SYSTEM

COOLANT TEMP. SENSOR - ATMOSPHERIC PRESSURE SENSOR - FAST IDLE SOLENOID
AND IDLE SPEED CONTROLS

COOLANT TEMPERATUR SENSOR (CTS)

The coolant temperature sensor (threaded into
the thermostat housing) provides input to the
electronic control unit (ECU), which, in turn,
corrects the air/fuel mixture ratio according to the
engine coolant temperature.

ATMOSPHERIC PRESSURE SENSOR

The atmostpheric Pressure Sensor consists of:
• an atmospheric pressure capsule (1A)
• A potentiometer (2A)

The atmospheric pressure sensor is located
beneath the front passenger seat adjacent to the
electronic control unit (EeU).

The potentiometer B + voltage is provided by the
fuel injection relay.

The potentiometer wi per arm position is
determined by the atmospheric pressure capsule.

The atmospheric pressure sensor provides a
voltage input to the electronic control unit (EeU)
that represents the current ambient atmospheric
pressure.

The ECU uses the input to compensate for any
altitude changes.

The voltage provided to the Eeu is:
• low at sea level
• high at 1,230 meters (4,000 feet) 

approximately 90% of the B+ voltage.

FAST IDLE SOLENOID
The fast idle solenoid (2B) is attached to the idle
bypass unit body.

Each time the engine is started, the fast idle
solenoid is energized.

It is also energized when the air conditioner
compressor is operating.

Two relays control the fast idle solenoid.

After engine start-up, the start-up time relay
maintains the solenoid energized for
approxi mately 3 seconds.

e2-7

When the air conditioner compressor is turned
ON, the Ale relay energizes the fast idle solenoid.

The timer relay is located near the left headlight
and Ale relay behind right headlight.

IDLE SPEED CONTROLS

The engine idle speed is controlled by the position
of the adj ustment screw (1B) on the ai r bypass
unit located on the firewall.

Engine idle speed (hot): vehicles equipped with
an automatic transmission 700 .±. 50 rpm in drive
(D).
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ENGINE FUEL SYSTEM
FAST IDLE DIAGRAM

FAST IDLE DIAGRAM

1. Fast idle solenoid
2. Idle adjustment screw
3. Timer relay (located behind drivers side headlight)
4. Start/ignition switch
5. Air conditioner switch
6. AlC fast idle relay (located behind passenger side headlight)
7. Supplementary air regulator
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ENGINE FUEL SYSTEM
TACHOMETRIC RELAY & FULL ENRICHMENT DELAY SYSTEM

TACHOMETRIC RELAY
(Vehicles with Automatic Transmission)
The Tachometric Relay is located under the
passenger seat, near the ECU. The function of this
relay is to prevent full fuel enrichment at WOT (wide
open throttle) until the engine exceeds 4,100 rpm l±..
50 rpm). This provision is required for emission
control pu rposes.

FULL ENRICHMENT TIME DELAY SYSTEM (Vehicles
with S-Speed Transmission)
The full enrichment time delay system is located
under the passenger seat, near the ECU.The function
of the system is to delay full fuel enrichment at WOT
(wide open throttle) until about 14 seconds after the
throttle position switch is moved from the idle
position. This provision is required for emission
control pu rposes.

C2-9
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ENGINE FUEL SYSTEM
COMPONENT TESTING

THERMO· TIME COOLANT SWITCH TESTS

FIRST TEST PROCEDURE

WARNING

Do not loosen the coolant switch with the system
hot and pressurized because serious burns from
coolant can result.

Remove the thermo-time coolant switch from the
cylinder head and replace it with a plug to prevent
loss of coolant.

Cool the thermo-time coolant switch by immersing it
in cold water.

• connect the switch connector pin W to either of
the test lamp wires

• connect the other test lamp wire to the positive
(+) terminal of the battery

• connect a wire from the negative (-) terminal of
the battery to the body of the thermo-time
coolant switch

·'r-li

i·

The_lamp should light.

Place the thermo-time coolant switch (L) in a
container of water and heat the water while
monitoring its temperature.

The lamp should go out between 30° and 40°C (86°
and 104°F).

The nominal values of the thermo-time coolant
switch are marked on the six sides of the body.

For example: 35°C/8s (8 secl35°C).
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ENGINE FUEL SYSTEM
COMPONENT TESTING

THERMO-TIME COOLANT SWITCH TESTS

Second Test Procedure

Test the resistance values between the thermo-time
coolant switch wire connector pins (Wand G) and
ground for coolant temperatures lower than 30°C
(86°F) and higher than 40°C (104°F).

Refer to the resistance chart.

1111\\\\ liT"""
.f\..

r
I'

At a Coolant
Temperature

Resistance Measured Between:

TYPE

LowerHigherTerminal G andTerminal WandTerminal G and
Than

ThanGround (Housing)Ground (Housing)Terminal W

35°C/85

30°C40°C25-40 ohms 025-40 ohms
(95°F/85)

(86°F)(104°F)50-80 ohms100-160 ohms50-80 ohms

C3-2
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ENGINE FUEL SYSTEM
COMPONENT TESTING

SUPPLEMENTARY AIR REGULATOR HEATER TEST +

-1
) ;

'1
),
i

With the complete assembly at a temperature of
approximately 20°C (68°F) and the wire harness
connector and air hoses disconnected, visually
inspect the inside of the air inlet and outlet to ensure
that the diaghragm is partially open.

Use a test wire harness to connect the regulator
heater directly to the battery.

After about 10 minutes, the diaphragm should be
completely closed, depending on engine
temperature.

If the diaphragm does not close, replace the air
regulator.

SUPPLEMENTARY AIR REGULATOR WIRE HARNESS
TEST

The engine should be cold.

Connect a test lamp to the wire harness connector
terminals.

Start the engine.

The lamp should light.
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ENGINE FUEL SYSTEM
COMPONENT TESTING

COOLANT TEMPERATURE SENSOR (CTS) TEST

(ecu Input)

WARNING

Do not loosen the temperature sensor with the
system hot and pressurized because serious burns
from coolant can result.

Remove the temperature sensor and replace it with
a plug to prevent loss of coolant.

ELECTRICAL TEST

To simplify electrical tests, the wire harness
connector terminals and pins are assigned with
reference numbers.

Measure the sensor resistance in relation to
temperature with an ohmmeter after a temperature
stabi Iization ti me of at least 10 minutes.

Refer to the resistance chart.

I
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Temperature

Resistance

19° - 21°C

(66 - 70°F)

2.1k to 2.9k ohms

C3-4

79° - 81°C

(174° - 178°F)

250 to 390 ohms



ENGINE FUEL SYSTEM

COMPONENT REPLACEMENT

COOLANT TEMPERATURE SENSOR REPLACEMENT

I 'i

, .. ,
I '.,

Disconnect the wire harness connector.

WARNING
Do not loosen the sensor with the system hot and
pressurized because serious burns from coolant can
result.

Remove the white sensor (A) and quickly plug the
hole in the thermostat housing to prevent loss of
coolant.

Install the replacement sensor and connect the wire
harness connector.

THERMO-TIME COOLANT SWITCH REPLACEMENT

Disconnect the wire harness connector.

WARNING
Do not loosen the sensor with the system hot and
pressurized because serious burns from coolant can
result.

Remove the brown thermo-time coolant switch (8)
and quickly plug the hole in the cylinder head to
prevent loss of coolant .

Install the replacement switch and connect the wire
harness connector.

C3-5
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ENGINE FUEL SYSTEM
COMPONENT REPLACEMENT

OXYGEN (02) SENSORREPLACEMENT

Disconnect the wire harness connector.

Remove the oxygen (02) sensor from the exhaust
pipe with a flare head crow foot wrench (22 mm x
3/8 in drive).

When installing the replacement sensor, apply
antiseize compound to the threads.

CAUTION
Apply antiseize compound to the threads only
and not to any other part of the sensor.

Hand start the replacement sensor into the
adaptor.

Tighten the sensor with 3.8 - 4.6 daNm (28-34
Ib.lft.) torque with a flare head crow foot wrench
(22 mm x 3/8 in drive).

ELECTRONICCONTROLUNIT (ECU) REPLACEMENT
(Located under passenger seat)

Remove cover and then remove the retaining
screw. Remove the ECU from the bracket.
Disconnect the wire harness connector.

Connect the wire harness connector to the
replacement ECU and install it in the bracket.

Tighten the screw.

CONTROL RELAY REPLACEMENT

Precautions

Never connect or disconnect a wire harness with
the ignition switch on.

With the engine stopped and the ignition switch
ON, the fuel pump should not be operate. Its
input circuit passes through the control relay,
which remains de-energized until the starter
motor is engaged.

C3-6

Procedure

Remove the relay from the right side of the
firewall by first removing the bolt at the top of
the relay. Remove the wire harness connector
from the relay.

Connect the wire harness connector to the new
replacement relay. Refasten the bolt on the top of
the replacement relay. Refasten the bolt on the
top of the relay to the firewall.

AIR INTAKE SYSTEM LEAK TEST

Special Precautions

Before performing any test, ensure:
- that the problem is not caused by something

other than the fuel system (e.g., spark plugs,
distributor, ignition timing, etc.)

- that no air is entering the intake or the exhaust
system ahead of the catalytic converter.

- that fuel is actually reaching the injectors
(check the pressure in the fuel circuit)

Procedure:
- Disconnect the hose from the valve cover.

Usea brush and apply a soapy water solution to
all components that are likely to develop leaks
(seals, air hoses, etc.)
Plug the exhaust pipe with a cloth or similar
object.
Force compressed air (1 bar/1S psi max.) into
the air intake hose at T. (See illustration on
following page.)
Open the throttle plate.
The appearance of bubbles or foam indicates
location of an air leak in the system.

CAUTION
If the air temperature is likely to exceed
80°C/176°F(as in a body shop paint curing oven,
for example), remove the electronic control unit
(ECU) from the vehicle.
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ENGINE FUEL SYSTEM
FUEL SYSTEM, VACUUM HOSES AND PCV SYSTEM

A - 1.8 mm (0.070 inch) orifice
B - 5.5 mm (0.216 inch) orifice
C - Fast idle solenoid
D - Idle screw adjustment
E - Throttle body
F - Ai r flow meter
G • Air filter
H - Supplementary air regulator
I - Integral electronic ignition module
J - Thermo valve (open TOabove 59°F)
K - Thermo valve (open r above 59°F)
L - Thermo valve (open TOabove 113°F)
M - Vacuum reservoir
N - Differential pressure switch
o - Solenoid
P - EGR valve
Q • Canister
R - Vacuum capsule
S - Brake booster
T - PCV valve

C3-7



ENGINE FUEL SYSTEM
FUEL SYSTEM TEST

Fuel Pressure Test

Disconnect the hose connected between the pressure
regulator and the injector ramp assembly.

Connect Fuel Pressure Test Gauge Mot. 867 with a
T-Fitting.

Disconnect the vacuum hose from the pressure
regulator and connect a hand operated vacuum
pump to the regulator.

WARNING
Use extreme caution when the engine is operating.
Do not stand in a direct line with the fans. Do not
put your hands near the pulleys, belts or fan. Do
not wear loose clothing.

Start the engine.

Test for a pressure of 2.8 - 3.2 bars/276 - 316 kPa/40 
46 psi.

Apply a vacuum of 530 mbar/54 kPa/400 mm Hg/16 in
Hg to the pressure regulator.

f '
I

.'

The fuel pressure should decrease approximately 0.5
bars/SO kPan psi.

Fuel Pump Output Test

Disconnect the fuel tank return hose from the
pressure regulator and connect a temporary hose (5)
to the regulator.

Place the other end of the hose (S) in a 2000 cc, or
2000 ml (approx. 122 cu. in. or 2 U.S. qts.) graduated
container.

Connect test terminals 01-5 and 01-6 (small
diagnostic connector) with a jumper wire to activate
the fuel pump.

The minimum fuel pump output should be 1000 ml.
(1 qt. approx.) for 30 seconds of fuel pump
operation.

C3-8
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ENGINE FUEL SYSTEM

FUEL SYSTEM TEST

INJECTOR TEST

Test with the engine operating.

- i

I \

L...;'

WARNING
Useextreme caution when the engine is operating.
Do not stand in a direct line with the fan. Do not
put your hands near the pulleys, belts or fan. Do
not wear loose clothing.

Disconnect an injector wire harness connector for a
moment, then reconnect it. Repeat this on each of
the other injectors.

A loss of engine speed should be noticed while each
injector is inoperative.

If anyone cylinder is not firing because of an
inoperative injector, switch the wire harness
connectors between the inoperative injector and one
that is working.

If the previously operational injector does not work,
the wire harness is faulty.

C3-9



ENGINE FUEL SYSTEM
WIRING DIAGRAM
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NOTE: This diagram is intended as a general reference guide only, and may not be completely
accurate for all vehicles. See Electrical section for specific wiring diagrams.
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FULL ENRICHMENT TIME DELAY SYSTEM (5-SPEED)
WIRING DIAGRAM

FUNCTIONAL
TEST PLUG

RELAY
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ENGINE FUEL SYSTEM
WIRE HARNESS CONNECTIONS

A - ECU

B - + 12V to fuel pump
C - Atmospheric pressure sensor
D - Oxygen sensor
E - + 12V Battery
F - Airflow meter
G - Signal ground
H - Power ground
I - Supplementary air regulator
J - Thermo-time coolant switch
K - Coolant temperature sensor
L - Injector
M - Injector
N - Throttle position sensor
o - Fast idle solenoid
P - Injector
Q - Injector
R - Cold start injector
T - Tach voltage
U - Instrument panel harness
V - Control relay
W - Tach relay (ATX) or Full enrichment time delay

(S-speed)
Y - Diagnostic connector D1
Z - Diagnostic connector D2

C4-3
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ENGINE FUEL SYSTEM
WIRE HARNESS CONNECTIONS

t.
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GENERALINFORMATION
To simplify electrical tests, the wire harness
connector terminals and pins are assigned
reference numbers.

The ECUconnector pin references appear on the
injection system wiring diagram. They are not
stamped on the connector.

ECU (Electronic Control Unit)
CONNECTORPIN REFERENCE

PIN

1 - Tach Voltage input
2 - Throttle Position Switch Idle Contact
3 - Throttle Position Switch WOT Contact
4 - Ignition Switch ("Hot" in Start Position)
5 - Vehicle Ground (Power Reference)
6 - Not Used
7 - Airflow Meter Potentiometer Source Voltage
8 - Airflow Meter Position Reference Voltage

(Output)
9 - Battery Voltage in Start or Run Condition

10 • Coolant Temperature Sensor
11 - To Position 11 at ECU
12 - Fuel Injectors
13 - Injector Circuit Ground
14 - Not Used
15 - Not Used
16 - Not Used
17 - Not Used
18 - Not Used
19 - Not Used
20 - Oxygen (02) Sensor
21 - Not Used
22 - Integrator Voltage (Output to Diagnostic

Connector)
23 - Not Used
24 - Not Used - Terminates at J2 connector
25 - Vehicle Ground (Power Reference)

C4-4

CONTROL RELAY CONNECTOR

8 - Injection System Source Voltage
6 • Ignition (Ignition Control Module) + 12V
5 - Electric Fuel Pump
4 - Tach Voltage (Trigger)
3 - Vehicle Ground
2 - Battery Voltage
1 - Ignition Switch (Start) + 12V

CONTROL RELAY PIN REFERENCE

PIN
87 - Injection System Source Voltage

1 - Tach Voltage (Trigger)
87b - Electric Fuel Pump
50 - Energized in Ignition Start Position + 12V
30 - Relay Source Voltate (12V DC)
15 - Ignition ("Hot" in ON/Running Position)

+12V
31 - Ground



ENGINE FUEL SYSTEM
DIAGNOSTIC PLUGS

The diagnostic plugs are located near the coolant
surge recovery reservoir on the passenger side of the
engine compartment. They are equipped with yellow
dust/debris covers.

IMPORTANT
Be sure to view the plugs in the same orientation as
illustrated, using the "V" notches in the plugs as a
guide.

(01) 6·Connector Plug
1 - Tachometer information

(Ignition Module)
2 - + Ignition power
3 - Ground
4 - Starter
5· + Battery
6 - Fuel Pump

(02) • 15 • Connector Plug
2 - Integrator Bosch air flow meter
4 - + Coil
6 - Full throttle switch
7 - Ground
9 - Cold Start Injector and Thermo-Time Coolant

Switch
10 - Cold Start Injector and Thermo-Time Coolant

Switch
12 - Coolant Temperature Sensor
13 - Throttle idle speed switch
15 - Automatic transmission computer

'" Pins 1-3-5-8-11 & 14 are not used.

IMPORTANT
Always use a digital multi-meter for testing
procedures. Analog (needle type) meters react too
slowly to perform the required tests. Illustrations
which display an analog meter are intended to show
a specific gauge variation or position only, Digital
multi-meters may be obtained locally at an
electronics store or automotive supply center.

C4-5
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ENGINE FUEL SYSTEM
THROTTLE POSITION SWITCH (T.P.S.) CONNECTOR

Throttle Position Switch (T,P,S.) Operational Test

3 - WOT contact
18 - B+
2 - Idle contact

11

(~ .•

i !
I.

Ohmmeter Leads
Resistance at

Connected
Pedal Position

to Pins:
Rest/IdleMid RangeWOT

3 and 18
1-10Q

00 00

3 and 2
00

0000

18 and 2

1-10 D
0000

I •

Throttle Position Switch Adjustment

With the throttle plate against its idle speed stop,
slowly rotate the throttle position switch (TPS)in the
direction of the throttle plate opening until the inner
stop can be felt. .

NOTE: The TPSadjustment can also be accomplished
with an ohmmeter. Refer to the Functional
Tests.

Tighten the two switch mounting screws.

If adjustment of the TPSwill not produce the proper
rest, mid-range and WOT specifications, replacement
of the switch is necessary.
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ENGINE FUEL SYSTEM
WIRE HARNESS CONNECTIONS

AIRFLOW METER PIN REFERENCE

59E78

..., ,...,

••••••

PIN
5 - Ground
9 - B +
E - Not Used
7 - Reference Voltage
8 - Wiper Arm Voltage (Output)

Tachometric Relay (Automatic Transmission)

o
~ BOSCH

OREHlAHlRElAIS
f'lwzmIZ/4~
Made in Germany

1 - Tach signal voltage

15 - Full Throttle Switch

31 • Ground

88a - To pin 3 of ECU

C4-7
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ENGINE FUEL SYSTEM
INTEGRATOR VOLTAGE
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Integrator Voltage is the "language" used
between the oxygen (02) sensor and the ECU
(Electronic Control Unit). Integrator voltage is an
extremely helpful tool in diagnosing engine
problems. This voltage may be monitored
between pins 2 and 7 of diagnostic plug 02.

When the engine is at operating temperature, the
oxygen sensor tells the ECU whether the exhaust
gases going past it are high or low in oxygen
content, which normally indicates either a rich or
lean condition. The ECU receives this information
and adjusts the incoming air/fuel mixture
accordingly.

NOTE: The O2 sensor is designed to detect only
the oxygen content of the exhaust gases 
it cannot detect unburned fuel.

At normal operating temperature, integrator
voltage fluctuates rapidly. When the engine is
below operating temperature, however, a steady
voltage is indicated. This steady voltage is known
as baseline voltage.

Baseline voltage is usually indicated at a value
between 6 and 7 volts under the following
conditions:
• all lights and electrical devices turned off
• battery fully charged
• battery mode switch in neutral
• radiator cooling fans off
• O2 sensor disconnected

If baseline voltage is significantly above or below
the normal 6-7 volt range; it may indicate one or
more of the following conditions:
• electrical load drawing from the battery
• dead battery
• charging system malfunction

Three very important things to remember about
Integrator Voltage are:
• Normal integrator voltage should be within 1

volt above baseline voltage.
• High voltage normally indicates a lean airlfuel

mixture
• Low voltage normally indicates a rich airlfuel

mixture.

NOTE: The integrator voltage reading is a very
important tool when diagnosing engine
problems.

C5-1

A sampling of problems and causesare as follows:

LEAN MIXTURE:

1. Vacuum hose(s) leaking or disconnected.
A. Vacuum hose(s) leaking or disconnected.
B. Intake manifold gaskets, leaking or

manifold cracked.
C. EGR valve not seated or open.
D. Idle adjustment screw leaking
E Auxiliary air device leaking
F. Crankcase vent hose leaking or

disconnected
G. Vacuum capsule at automatic

transmission leaking
H. Vacuum advance module on ignition

module leaking or disconnected.
I. Leaking connections at air flow meter
J. Hoses to thermovalves (all three)

disconnected or thermovalve broken)
K. Defective brake booster, booster valve or

hose.
L. Leaking cruise control servo, dump valve,

vacuum reservoir or leaking hose.
2. Defective or misadjusted air flow meter.
3. Wiring to air flow meter disconnected or bad.
4. Defective oxygen sensor.
5. Defective fuel pressure regulator causing low

fuel pressure
6. Defective electric fuel pump
7. Insufficient fuel volume
8. Valve lash adj ustment

RICH MIXTURE:

1. Defective fuel pressure regulator causing
high fuel pressure.

2. Defective or leaking fuel injector or injectors
3. Leaking cold start injector
4. Electrical malfunction causing cold start

injector to be on all the time.
5. Defective air flow meter
6. Defective oxygen sensor
7. Saturated evaporative emission charcoal

canister.
8. Restricted exhaust system
9. Cam timing adjustment

10. Valve lash adj ustment
11. EGRvalve stuck shut
12. Misfiring spark plug(s)
13. Weak or defective ignition system (eg., coil,

ignition module, TDC indicator, exciter ring
on flywheel, distributor, spark plugs, spark
plug wire, etc.)



ENGINE FUEL SYSTEM
INTEGRATOR VOLTAGE

IMPORTANT
Do not overlook the charcoal canister or fuel
pressure when diagnosing an over-rich condition.

The most common problem with a lean mixture is
vacuum leaks. These can be traced by pinching off
various vacuum hoses while observing the effect
on integrator voltage.

Pinching off the lines works well in a rich
condition to isolate a bad cold start injector or a
saturated charcoal canister.

IMPORTANT

One cylinder not firing ("Missing"):

NOTE: When diagnosing a possible injection
problem be sure that the engine is
running on all four cylinders. Also, be sure
that there is fuel, air and ignition to all
cylinders.

An ignition malfunction may seem like an
over-rich condition, but integrator voltage
indicates a lean condition. However, an ignition
oscilloscope will reveal an ignition miss, which
results in unburned fuel/air mixture being
dumped into the exhaust manifold.

The O2 sensor detects the higher oxygen content
of the unburned mixture and passes this
information on to the ECU. (Remember: The O2

sensor detects oxygen content only - it cannot
detect unburned fuel.)

Since the ECU is incapable of determining that a
cylinder is not firing, it will try to compensate for
the higher oxygen content in the exhaust by
further enriching the fuel/air mixture. This causes
an abnormal running condition, which results in
high integrator voltage and misfiring of the
remaining cylinders.

NOTE: A disconnected or inoperative fuel
injector will also produce similar
symptoms.

When diagnosing a fuel injection system, be very
careful not to overlook ignition problems or
restricted air intake or exhaust systems.

C5-2
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FUNCTIONAL TEST (METHOD 1)

13

2
34

V
5

Q

6
8

7

10

9
.,< 12 X

11

7. Not used
8. Not used
9. Not used

10. Not used
11. Not used
12. Not used
13. Test harness connection

These tests are performed with the Bosch multi
function test box (700000-04-000) and test harness
(700000-03-000) .

1. Not used
2. Volt meter connections
3. Ohm meter connecting
4. Not used
5. "V" Knob 1 thru 23 and
6. Knob 1 thru 24

NOTE: "V" knob must be on position t for
Q knob functions to work.

I
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Switch
PositionV

Melurement RemarkaTeat Values (display)

5

-Voltage impulses from term. 1 of ignit. coil
Put gearshift In neutral, crank engine.Observe Ignition impulses

Control unit plug, tenninal 1 to terminalS
on oscilloscope

6

-V!>ltage from control relay. terminal 87. Put gearshift In neutral, crank engine.8 •.• 15V

Control unit plug, terminal 9 to terminal 5 7

-Voltage from starter. terminal 50 Put gearshift In neutral, crank engine.8 ... 15V

Control unit plug, terminal 4 to terminal 5 8

-Voltage from altitude sensor, terminal 11 Put gearshift in neutral, start engine-nControl unit plug, terminal 11 to terminal 5 Air pressure: C
980 mbar (::::'300 m above sea level)

2 ... 4VZ
615 mbar (z 4000 m above sea level)

8 ... 12Vn
::!

+
11

Resistance of temperature sensor -100 ... 200n0
NTC Iin air flow sensor, terminal 8

Z
~Control unit plug, terminal 8 to terminal 5

••••

~l +
12

Resistance of potentiometer In air flow Move sensor flap to stop60 .,. 1000 n-I
msensor, terminal 7. '"

Control unit plug, terminal 7 to terminal 5

-I.
'"

13
Resistance of temperature sensor 600FI + lS·C ... +30· C/86° F·

1.3 ... 3.6kQ-
+ s:NTC II terminal 10 (engine temperature) 25O ... 390nmControl unit plug. terminal 10 to terminal 5

+800 C/176· FO -I
:J:+

14Resistance, ground to output stage term. 13 -0 ... 10.n.0
Control unit plug. terminal 13 to terminal 5

C
16

Resistance of idle contact Accelerator in rest position0 ... 10 Q
..•

+
-

in throttle valve switch, terminal 2.
Accelerator slightly depressed-n

Control unit plug, terminal 2 to terminal 9

+
17

Resistance of full-load contact Accelerator completely depressed0 ... 10 n.
in throttle valve switch, terminal 3

Accelerator slightly depressed-0
Control unit plug, terminal 3 to terminal 9

• NOTE: Tach Relay must be by-passed for #1718

Resistance of all 4 parallel solenoid- 68° F/+20"C: 7.0 ... 9.5

+ operated injection vtaves, terminal 12 1760F/+80° C:Control unit plug, terminal 12 to terminal 9

.•.'., .._-~
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ENGINE FUEL SYSTEM

FUNCTIONAL TESTS (METHOD 1)
The following tests are to be performed using Diagnostic plugs D1 and D2 and a digital VOM
(Volt-Ohm-Mi IIiammeter).

NOTE: The voltage and resistance values listed are nominal. The actual value will vary slightly from one
vehicle to the next.

Test
ConditionsTest PointsResults

1. Control

RelayIgnition ON Ohmmetertestprobeso ohms
Ground and ECU

Engine OFFbetween D1-3 and D2-7
Ground

Enginecoolanttemp.
less than (25°C (7rF)

2. Battery Voltage

same as test 1Voltmetertestprobes12 volts (approx.)
between

D1-5( +)and
D1-3(-)

3. Ignition Voltage

same as test 1Voltmetertestprobes12 volts (approx.)
between

D1-2(+)and
D1-3(-)

4a. Coolant

ECU DisconnectedOhmmetertestprobes2.5K ohms R2000 at 20°C
Temperature

between D2-12 and D2-7(68°F)320 ohms R250 at
Sensor

80°C (176°F)

4b. Coolant

ECUConnectedOhmmetertestprobes1.5K ohmsR1500at 20°C
Temperature

between D2-12 and D2-7(68°F)
Sensor

5. Injectors

ECUConnectedOhmmetertestprobes16 ohms (approx.)
between

pins A&Bof
injector

wireha rness
connector

6. Fuel Pump

ECUConnectedApply 12 volts with jumperShouldhearfuelpump
wire

betweenpinsD1-5noise.Seepg.C3-8 for
and D1-6

volumeandpressure
testing information.

7. Throttle Position

ECU DisconnectedOhmmetertestprobesInfinite ohms
Switch

between D2-13 and D2-6

Ohmmeter

testprobeso - 10 ohms
between D2-7 and D2-13 (Throttle at idle position)

Ohmmeter

testprobeso - 10 ohms
between

D2-7andD2-6
(WOT position)

8. The r m 0 -Tim e

ECU DisconnectedVoltmetertestprobes8 - 12 volts After a few
Coolant

Switch betweenD2-9( + )andseconds, 0 volts Time will
and

ColdStart D2-10 (-)vary with temperature
Injector

C5-5



Test
ConditionsTest PointsResults

9. Start Voltage

1.StartermotorVoltmetertestprobes8 -12 volts
(Signal)

engagedbetween 01-4 (+) and 01-3
2. Engine

coolant(-)

temp. below 25°C (77°F)
10. Tach. Voltage

same as test 9VoltmetertestprobesOscillating voltage (pulses)
(Signal)

between 01-1 (+) and 01-3
(-)

11. Integrator

1. Engine runningVoltmetertestprobes6.8volts (approx.)Note
Voltage (open

2. Coolanttemp.between 02-2 ( + ) and 02-7voltage for test 12 and test
loop)

below 25°C (77°F)(-) 13
3. Oxygen (02) sensor temp. below 250°C(480°F)

12. Integrator

1. Engine running atVoltmetertestprobes6.8 - 7.8 volts (approx.)
Voltage (closed

800-850 rpmbetween 02-2 (+) and 02-7Voltage from test 11+ 1
loop)

2.Coolanttemp.(-) volt tolerance.
above 40°C (104°F) 3. Oxygen (02) sensortemp. above 250°C(480°F)

13. Fuel Cut-off

1. IncreaseengineVoltmetertestprobes6.8 volts (approx.)Same
(during

speed to 3500 rpmbetween 02-2 (+) 02-7 (-)result as test 11.
deceleration)

andrapidly close
throttle plate (idleposition)

C5-6
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ENGINE FUEL SYSTEM
FUNCTIONAL TESTS (METHOD 2)

Functional tests may also be performed by just
using diagnostic plug 02 and a digital VOM. The
following pages contain guide charts for these
procedures. They explain component tests, engine
conditions, test points and desired results.

These pages may be photocopied to accompany
you as a worksheet while testing a vehicle. Record
test results carefully to assist you in making a
more efficient diagnosis.

NOTE TO DEALERSHIPS:Worksheet values are
required when contacting Winnebago Technical
Service for assistance.

C5-7



Date, _ Unit _ serial Technician------No.
Engine Serial No. _

SECTION II When Starting Engine or Just After Engine Start

mo5
"'Q."
"'Qcmzen
~::!-0-Iz::I:~
c:\r
~-I"'m'"m-l
Z."~o
Z::um

~~zzezm
~gJ
c~
-Ic:\00
3::::::

~-I-I~- '"nn
-I~
::U:I:~.
zgJ
"'03:0--('"'"
oz

Actual Result & Notes

Actual Result & NotesNormal Result

R = 00

R 2000

R=OQ
R """ 2000 Q
R = 0 Q

Normal Result

6p must remain at

the same value

8-12 volts. After

a few seconds must

be 0 volts.

8-12 volts during

3 seconds after

crank operation.

Valve must

remain closed

Closed throttle

Slightly open throttle

Wide open throttle

Closed throttle

Engine Parameters

Coolant temperature

between 66D and 9SDF

Engine cranking

Engine cranking and

just after

Coolant temperature

(S9DF, engir~ running

Engine ParametersCheck

Vacuum pUITfl:

Ap on common hose

Check

Voltage between

pins 9 and 10

Visual check with engine

RPH i"crease

Resistance between

pins 13 and 7

Resistance between

pins 6 and 7

Without tach. relay

(electrical modification)

--------------------------

Voltage between pins of

solenoid wire harness

connector

2) Full load switch

SECTION I Before Starting Engine
I

Corrponent

C) Electronic ignition

therrrovalyes

A.) I c.oolant temperature lResistance between lCoolant terrperaturesensor pins 12 and 7 between' 50° 8. 86°F

B5-Th;~~~1~-~~;i~i~~-;~i~~h-----------------------------------------------------
1) Idle sl/itch

COITflonent

A) Cold start injector

B) Fast idle solenoid

C) Ern

n
VII
00

~--~ ~
~- j ..,.~. :--.~ -~_.~ ---\
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SECTION II~ Engine Running and Warm

Corrponent
CheckEngine ParametersNormal ResultActual Result & Notes

A) Idle speed

Engine RPH by adjustingEngine warm & fan off.100 :t 50
air by pass screw

Transmission in drive. ....
---------------i------------

----------------------------------------------------------------------------------------------

B.) Idle mixture-
Voltage between pinsOxygen sensor disconnected6 to 1 volts and

See page E1o-38 for

2 and 7 record actual as X

d.!tta!!!!~W!~!lis operation. Voltage between pins 2 &
Oxygen sensor connectedSet at X+ 1 volt

- Tamper proof plug on air
flow meter must be

7. Adjust-w/idle mixture - 0 volt

removed for thisoperation.

screw on flowmeter.

SECTION IV Engine Running and Warm

COIJl)Onent Check Engine Parameters Normal Result Actual Result & Notes

n
VII
\D

A) Atmospheric pressure I Integrator voltage I Altitude <330 ft. engine IIntegrator voltagesensor between pins 2 and 7 at idle. must remain the
same with sensor

connected or

disconnected

~)"~~.:;-;~~;;--------1I~~f;;;~:~~~~~~~~~-1-~::::;~~~~:~;------I~::~~~~~:-~g~:~~~-r-__--------------------

frOOl 0 to =12
Decrease RPH slowly RAM = 4050 ± 50

to less than 4100 when voltage changes

frOOl =12 to 0

C) Fast idle solenoid Engine RPt1 Air condo "on"

transmission in "drive"

RPM must remain

bet~een 650 & 850

--------------------------T------------------------i-~~:1~~;::::::::::_:::::Jl~~~_~~~~~~~~_
E) Fuel injection computer Visual

loom Wire 101, yellow/black

disconnected & conector

removed & wire taped

---------------------------1-------------------------D) EGR Visual
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SECTICJ-JIV (Cant 'd)

Corrponent
CheckEngine ParametersNormal ResultActual Result & Notes

F) Electronic ignition

thermovalves1) 590 F

Engine RPHConnect thermovalveRPM should increase

hoses together

=50

2) 1130 F

VacuLrn betweenEngine RPMVacuun

thermovalye and AN

>2500~2.95 inches'of

capsule

mercury

SECTION V Engine Off and Hot

Ccmponent
CheckEngine ParametersNormal ResultActual Result & Notes

A) Coolant temperature

Resistance betweenCoolant terrperatureRi300Q

sensor

pins 12 and 7>176D F

----------------------------

---------------------------------------------------------------------------------------------

B) Cold start injector

Voltage betweenEngine crankingNo voltage

pins 9 and 10

lI[)'TEs: _
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Actual Result &: Note!

Engine S.N. _

Normal Result

Insp. _

Engine Parameters

Engine cranking

S.N. _

Check

Voltage between

pins 9 a()d 10

Unit _

COOlponent

A) Cold start injector

SECTION I Before Starting Engine

Corrponent
CheckEngine ParametersNormal ResultActual Result ~ Notes

A) Catalytic Convertor

Installation & Part No.----Converter Part#

N::251 04343B) Bosch Fuel Injection

Installation & Part No.----0280000311

COfllluter C) Coolant teflllerature

Resistance betweenCoolant terrperatureR l. 2000 Q
sensor

pins 12 and 7between 50° & 86°F
----------------------------

-----------------------------------------------------------------------------------------------

D) Throttle position switch
1) Idle switch

Resistance betweenClosed throttleR=OQ

pins 13 and 7

Slightly open throttleR-2000Q

2) Full load switch

Resistance betweenWide open throttleR=OQ

pins 6 and 7 Closed throttle

R = 00

----------------------------

----------------------------------------------------------------------------------------------~

E) Electronic ignition

Vacuum purrp:Coolant terrperatureAp must remain at

thermovalves

~p on co~ hosebetween 66° and 9SQFthe same value

8-12 IIOltS. After

a few seconds must

be 0 volts.

----------------------------1------------------------- ------------------------- -------------------~----------------------B) Fast idle solenoid Voltage bet\llE!enpins of Engine cranking and 8-12 volts during

solenoid wire harness just after 3 seconds after

connector crank operation.

----------------------------1------------------------- ------------------------- -------------------~----------------------C) EGR Visual check with engine Coolant temperature Valve must

RPH increase <SgoF, engine running remain closed

SECTI(J\JII When Starting Engine or Just After Engine Start

Date _

n
VI.~



SECTION III Engine Running and Warm

COlJl)onent
CheckEngine ParametersNormal ResultAotual Result & Notes

A) Idle speed

Engine RPH by adjustingEngine warm & fan off.700 ± 50

air by pass screw

Transmission in drive.

----------------------------

-----------------------------------------------------------------------------------------------

B) Idle mixture
Voltage between pinsOxygen sensor disconnected6 to 1 volts and

2 and 1

record actual as X

Voltage between pins 2 &

Oxygen sensor connectedSet at X+ 1 volt

7. Adjust w/idle mixture

- 0 volt

screw on flowmeter.

,

Integrator voltage

between pins 2 and 1n
"fl
....•
IV

SECTION IV Engine Running and Warm

Corrponent

A) Atmospheric pressure
sensor

Check Engine Parameters

Altitude <330 ft. engine
at idle.

Normal Result

Integrator voltage

IIl.Jst remain the
same with sensor

connected or

disconnected

Actual Result & Notes

B) Timer Relay Voltage between pins
6 & 7

Go to wide open throttle. IVoltage
momentarily

o

Hold throttle slightly Voltage changes from

open for 14 sec. ± 4 sec. 0 to ==12 after

Then go to wide open 14 seconds only at

throttle momentarily wide open throttle

(Note: Throttle must not

go back to idle)

C)-F~~~-idi~-~~1~~~id------IIE~~i~;-RR~--------------1-~~::~~~::~~~~~-~:~::::--l-::fw-~~t~fi~i-~-::---+------------------------

D) EGR Visual

Coolant temperature >B5°F IValve opens & must
Increase engine RPH to close when acceler-

over 3000 ation stops

E) Fuel injection computer

loan

Visual

Wire 107, yellow/black

connected

"----"::'--'\ ~. r"-:--------""" ..-. --~', ._.~-~ ,.----.>. -:"""""-=--~



SECTI(]\J IV (Cont·d)

•• --

n
VII...
W

Conponent
CheckEngine ParametersNormal ResultActual Result & Notes

F) Electronic ignition

thermovalves1) 590 F
Engine RPHConnect thenmovalveRAM should increase

hoses together

=50

2) 1130 F

Vacull1lbetweenEngine RPMVacull1l

thermovalve and AM

>2500a.95 inches of
, capsule mercury

SECTION V Engine Off and Hot

Component
CheckEngine ParametersNormal ResultActual Result & Notes

A) Coolant temperature

Resistance betweenCoolant temperatureR!300Q

sensor

pins 12 and 7)176D F

----------------------------

----------------------------------------------------------------------------------------------

B) Cold start injector

Voltage betweenEngine crankingNo voltage

pins 9 and 10

N:llES: _



ENGINE FUEL SYSTEM
ADJUSTMENTS

IDLE SPEED ADJUSTMENT

The idle speed adjustment screw is located at the air
bypass unit on the firewall.

WARNING

Useextreme caution when the engine is operating.
Do not stand in direct line with the fan. Do not put
your hands near the pulleys, belts or fan. Do not
wear loose clothing.

Start and allow the engine to reach normal
operating temperature.

Use test box Ms. 760.

Turn all accessories off.

Wait for the cooling fan to cycle ON then OFF.

Adjust the idle speed (adjustment screw 1) to
700-750 rpm in DRIVEwith automatic transmission.

AIRFLOW METER BYPASS AND ADJUSTMENT

In the event of major engine overhaul or airflow
meter replacement, the bypass adjustment screw (2)
must be adjusted to obtain the correct air/fuel
mixture ratio.

WARNING

Useextreme caution when the engine is operating.
Do not stand in a direct line with the fan. Do not
put your hands near the pulleys, belts or fan. Do
not wear loose clothing.

CAUTION
Do not remove the cap and readjust the airflow
meter bypass screw unless involved in a major
overhaul, airflow meter replacement or the
presence of high idle CO has been determined by a
competent authority.

C6-1
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ENGINE FUEL SYSTEM

ADJUSTMENTS

4 6 f 8
~\\\\\"Illlli I"'I/.

2 ~"\\ 11111. 10
~,,\ "',L", ~,~

o ,~' ~ 12

~' INTEGRATOI VOLTAGE '-'/

• Remove the tamper-resistant plug (21) for access
to the screw.

To remove the plug:
- Push the plug (50) down completely to prevent it

from rotati ng.
- Drill a 3 mm (1/8") hole in the plug. A steel

stopper (51) inside the plug will prevent the drill
from going too deep. Do not use excessive force.

- Use a threaded extractor tip to pull the plug out.

RICH LEAN

I
I
\

\1, J

• Disconnect the oxygen (02) sensor wire harness
connector

• Connect a digital voltmeter to diagnostic
connector terminals 02-2 and 02-7.

NOTE: Battery must have a full charge with all
switches and fans off to ensure no drain or
draw on battery.

Record the voltage. It should be approximately 6-7
volts.

• Start vehicle and allow the engine to reach
operating temperature (when the cooling fans'
must be off while testing.

• Connect the oxygen (02) sensor wire harness
connector

• Observe the digital voltmeter and adjust the
bypass screw to obtain the voltage recorded above
pius + 1 volt.

NOTE: A misadjusted bypass screw can cause a
voltage variance of ...±..3volts.

Baseline Voltage (Steady)

4 6t

•. ~ 8
~\\II\ ••"I , I"I/.:1 ~\\'.\

111111. 10

~"" , I 'I'lL"" ',.1.

o ~~ ,
I ~ 12

~ INTEGRATq
l'OLTAGE '-'/

RICH

,LEAN

I

Integrator Voltage (Variable)

• After the bypass adjustment, check the idle speed
and adjust, if necessary.

• Re-install the tamper-resistant plug.

NOTE: Federal regulation requires that the plug be
replaced after completion of adjustment
operations.

C6·2
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EMISSION CONTROL SYSTEMS
EMISSION CONTROL SYSTEM DIAGRAM

13 12

,.
11

20

21

22~

26

14

.~

23

1. 4 mm (0.57 inch) orifice
2. Positive crankcase ventilation (PCV) valve
3. 1.8 mm (0.070 inch) orifice
4. 5.5 mm (0.216 inch) orifice
5. Fast idle solenoid
6. Idle speed adjustment screw
7. Throttle body
8. Airflow meter
9. Air filter

10. Timer relay
11. Start ignition switch
12. Air conditioner switch
13. Fast idle relay (AlC)

14. Supplementary air regulator
15. Integral electronic ignition module
16. Thermo valve (open TOabove 59°F)
17. Thermo valve (open TObelow 59°F)
18. Thermo valve (open TOabove 113°F)
19. Vacuum reservoir
20. Differential pressure switch
21. EGR valve solenoid
22. EGR valve
23. Fuel tank
24. Roll-over valve
25. Vapor canister (charcoal)
26. Vacuum filler cap

'1

GENERAL INFORMATION

The emission control systems are:
• the fuel vapor recovery system
• the positive crankcase ventilation (PVC) system
• the exhaust gas recirculation (EGR) system
• the catalytic converter system

C7-1



EMISSION CONTROL SYSTEMS
SYSTEM OPERATION

I !

,,

The thermo valve (16) is connected to the
radiator.

Below 15°C (59°F), the thermo valve is closed.

Above 15°C (59°F), the thermo valve opens the
vacuum circuit from the intake manifold to the
differential pressure switch (20) and to the
vacuum reservoir (19).

The EGRvalve (22) opens or closes the passage
from the exhaust manifold to intake manifold.

The amount of exhaust gas allowed to pass is
controlled by the orifice (1) located in the exhaust
manifold.

Vacuum causes the EGR diaphragm to open the
valve.

The source of the vacuum is close to the throttle.

The vacuum is controlled by the EGR valve
solenoid (21).

The solenoid (21) has voltage applied at all times.

The differential pressure switch (20) has two
chambers (A and B) separated by a diaphragm.

There is a calibrated hole located in the
diaphragm.

One side of the diaphram is controlled by a spring.

The diaphragm either opens or closes the internal
ground circuit contact.

Above 15°C (59°F) the thermo valve (16) is open.

C7-2

Chamber B of the differential pressure switch is
connected to the intake manifold via the thermo
valve.

Chamber A of the differential pressure switch is
also connected to the intake manifold, but via the
vacuum reservoir (19).

When the engine is operating at a stabilized RPM,
the pressure is equal on both sides of the
diaphragm.

The ground circuit contact is open, the solenoid
(21) is de-energized and the EGR valve (22) is
closed.

If the throttle is opened, the vacuum in chamber B
decreases immediately.

In chamber A and in the vacuum reservoir, there is
no immediate pressure variation.

The vacuum differential between chamber A and
B causes the diaphragm to move and close the
ground circuit contact.

The solenoid (21) is then energized.

Vacuum is applied to the EGRvalve diaphragm
and the exhaust gas flows to the intake manifold.

The vacuum decreases slowly in the chamber A
and in the vacuum reservoir (19).

The spring forces the diaphragm and opens the
ground circuit contact.

The solenoid (21) is de-energized and EGRvalve
(22) is closed.



EMISSION CONTROL SYSTEMS
EMISSION HOSE ROUTING
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VAC
RSVR

- TO FUEL TANK

TO BRAKE BOOSTER

ATX VAC CAPSULE (ATX vehicles only)
CANISTER

IGNITION
MODULE

1S'
THERMO VALVES

THERMO VAL VE

RADIATOR
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IDLE SPEED
BY-PASS
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FUEL TANK GAUGE SENDING UNIT
REMOVE AND REPLACE FUEL TANK

REMOVE FUEL TANK

• Start with a nearly empty fuel tank or siphon by
removing the hose at the frame rail (1) that goes ~
to the electric fuel pump. Create a negative
pressure on this hose to start a siphon. Remove the
fuel fill cap to allow air for fuel displacement. Fuel
must be drained into approved fuel container.

• Disconnect fuel hosesfrom metal fuel neck (2) and
metal lines (3) on the frame rail. Remove vent
hose from external roll over valve on the front side
of vehicle (when equipped w/external valve).

• Remove exhaust shield on right side of tank (4).
• Disconnect parking brake cable from rod - push

rod rearward so it does not interfere with tank
removal (Do not misplace or bend the spring at
the rear end of the rod.

• Remove fuel tank retaining straps (5).
• Lower the right side of the fuel tank enough to

disconnect the fuel sending wires (black = ground;
orange = hot).

• Lower the right side of the tank far enough to pull
it out to the right side letting the hoses come with
the tank through the holes in the frame rail.

REINSTALL FUEL TANK
• Install in the reverse order of removal being

careful not to pinch or crimp any hoses.
• Reconnect parking brake cable and rod making

sure rear tension spring is installed.
• Check parking brake adjustment.

C8-1



FUE L TANK GAUGE SENDING UNIT
REMOVE AND REPLACE

SENDING UNIT REMOVAL

• Remove retaining screws
• Pull sender up and out being careful not to bend

or alter any of its components.

SENDING UNIT INSTALLATION

• Install new gasket on tank.

NOTE: Fuel sender mounting screw ho-Iesand gasket
have an un-even pattern a ncl can only be
installed one way. This is to insure that the
sender is always mounted correctly. Make
sure the gasket holes align with the sender
mount holes.

• Install sender being careful not "to bend or alter
any of its components.

• Install 4 of the 5 mounting screws· the fifth is for
the ground wire when reinstalling the tank
assembly in the vehicle.

SENDING UNIT TESTING

• Refer to Section D - Electri <a I for testing
information (See pg. D2-1).

C8-2
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FUEL TANK GAUGE SENDING UNIT
ROLL OVER VALVE

PURPOSE AND OPERATION OF THE VALVE
The roll over valve is a device installed in all
"H-body" vehicles to prevent fuel from escaping
from the tank in case of an accident where the
vehicle is tipped on it's side or top. A ball in the
valve closes the vent in this condition to prevent
fuel spillage. Under normal driving conditions, the
valve simply functions as a tank vent.

NOTE: The rollover valve will not prevent the
tank from being overfilled and is not
intended for this purpose. See the
vehicle's owner's manual for fuel tank
filling procedure.

WARNING
Do not alter the valve or eliminate it from the
system. This is a safety feature and must not be
tampered with.

C8·3



SECTION "0"
ELECTRICAL

Subsection 1 • General

D1-1 Special Tools
D1-2 Fuses and Breakers
D1-3 Auxiliary Battery
D1-4 Engine Coolant Temperature Switch
D1-5 Engine Oil Pressure Switch/Engine Oil Level Gauge
D1-6 Steering Column Switches
D1-7 Windshield Wipers
D1-8 Bosch 5-Prong Relay

Subsection 2 • Fuel Tank Sending Unit

D2-1 Testing

Subsection 3 • Instrument Cluster

D3-1 Lay-out
D3-3 Remove and Replace

Subsection 4 • Alternator

D4-1
D4-2
D4-3
D4-4

Exploded View
Operation and Diagnosis
Remove and Replace
Repair

Subsection 5 • Starter

D5-1 Remove and Replace
D5-2 Paris - Rhone D1OE88

Subsection 6 • Wire Harness

D6-1 Rear Wiring Harness Routing
D6-2 Engine and Front Harness Routing

Subsection 7 • Wiring Diagrams

D7-1 Wiring Diagram Index

See Section "Air Conditioning" for additional diagrams.
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SPECIAL TOOLS

Ele.22-01

End fitting for extracting alternator bearing
(Use with tool B.Vi. 28-01)

Order Tool No. 700013-31-001 EA

,Ii''i.
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/'-' ! ,('0 , . ,0
, (I. ·~·)o. I
", '~~

B.Vi.28-01~/

Bearing extractor with jaws 146 mm long
(use with Tool Ele. 22-01 for alternator

bearing removal)
Order Tool No. 700012-27-301 EA

1
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1

I
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GENERAL

FUSES AND BREAKERS

FUSES • AUTOMOTIVE

The fuse panel is located behind a hinged cover on
the left hand side of the dash next to the hood
release knob. It is advisable to disconnect the battery
before changing a fuse. It is recommended that you
carry spare fuses in your vehicle at all times. Always
use the proper amp fuse for the proper circuit. Refer
to the Vehicle Owner's Manual for fuse size and
locations.

CIRCUIT BREAKER

The circuit breaker panel is located in the engine
compartment. Disconnect the battery before
changing a circuit breaker. Always use replacement
circuit breaker of the proper rating.

01-2
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GENERAL
AUXILIARY BATTERY

The 12-voft DC system consists of the automotive
battery and the auxiliary battery. The automotive
battery is used solely to operate the engine starter
and all automotive accessoriesand controls found
on the instrument panel. This includes the horn,
cruise control, all exterior lights, radio, windshield
wipers, heater fans, etc.

Auxiliary Battery
The auxiliary battery operates all 12-volt
equipment located in the living area of the motor
home. This includes the interior lights, furnace
fan, water pump, water level and holding tank
gauges, and the refrigerator. In addition, the
auxiliary battery may be used to start the engine
if for some reason the automotive battery is
discharged.

DUAL BATTERY SWITCH

The dual battery switch is located on the left side
of the dash, next to the hazard flasher switch.

The DUAL position connects the coach battery to
the engine alternator, allowing the battery to be
charged while driving. When the ignition key is
turned off, the coach battery is disconnected from
the automotive system. This prevents the
automotive (starting) battery from being
discharged by coach equipment while parked.

~ATT.

Location
The auxiliary battery is located in a compartment
(battery box) beneath the driver's seat on the
underside of the vehicle. The battery should be
removed from the compartment for periodic
inspection or maintenance.

Press to
connect automotive
and auxiliary batteries
while driving.

Neutral Position:
Auxiliary battery
disconnected.
(use when parked)

Press tor additional
emergency starting
power.

J

J

Aux. Battery Access:
1. Remove the ground cable from the vehicle

frame to avoid sparks by accidental contact of
the positive terminal with other metal parts
of the vehicle.

2. Support the battery tray from beneath, using
a jack or blocks, etc., then remove the 4 bolts
that fasten the battery tray to the
compartment frame.

3. Slide the battery toward the driver stepwell
and carefully lower to the ground. (If the
vehicle is on a ramp or hoist, the battery
cables are not long enough to reach the
ground, so a support platform must be used.

4. Reversethe above steps to return the battery
to the compartment.

Battery Ground

D1-3

Ifthe automotive battery fails, the engine may be
started from the coach battery. To do this, press
and hold the switch in the MOM (momentary)
position while turning the ignition key. When the
engine starts, release the switch and it will return
to the middle (off) position.



GENERAL

ENGINE COOLANT TEMPERATURE SWITCH

I

1

Max. tightening torque: 4 daNm (30 Ib./ft.)

LOCATION ON ENGINE
The coolant temperature switch is located in the
thermostat housing on the right side of the engine.
This switch has two spade terminals. (The other
sensor, with a plug type connector, goes to the ECU.)

-__I
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GENERAL
ENGINE OIL PRESSURE SWITCH

Tightening torque : 2 daNm (15 Ib.lft.)

1


1

I

J

!

I
)

LOCATION ON ENGINE
The oil pressure switch is on the R.H. (passenger) side
of the engine behind the water pump.

CHECKING
- There should be electrical contact between the

switch terminal and the switch body when the
engine is not running.

- As soon as the oil pressure exceeds 0.36 bar (5.1
psi), electrical contact should be broken.

Oil Level Gauge This gauge should be read before
starting the engine, with the key in the ON position.
The needle will move to the left after the engine
starts.

A - Oil level FULL
B - ADD SOON: Oil level is low but vehicle is still
driveable.
C - CAUTION: ADD OIL before driving vehicle.

01-5
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GENERAL

STEERING COLUMN SWITCHES

REMOVAL

Disconnect the battery.

Remove:
- the steeri ng wheel
- and both steering column covers

Disconnect switch wiring plugs.

Remove the screw.

Slide the switch assembly off the column.

Both switches may be removed and replaced
separately.
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GENERAL

WINDSHIELD WIPERS

)I

MECHANISM REMOVAL

• Disconnect the battery
• Remove the air inlet elbow
• Remove:

- the windshield wiper arms
- windshield wiper arm spindle nuts
- connector
- and 2 bolts (G).

Remove the windshield wiper assembly.

SPECIAL POINT CONCERNING REASSEMBLY

With the motor in the "Stop" position, make sure
that crank (H) and link (I) are in line.

Remove and replace the motor (Mechanism
removed).

1

J

I

q
I
) REMOVAL

• Unscrew nut (2) holding the crank
• Unscrew screws (3).

SPECIAL POINTS CONCERNING REASSEMBLY

• Set the motor in the "Stop" position.
• Attach the motor to its plate, tighten crank (H)

when it is in line with link (I).

01-7



GENERAL

BOSCH 5-PRONG RELAY

Various electrical systemsthroughout the coach use a
Bosch 5 prong relay (or equivalent by another
manufacturer). The relay schematic is shown here.

\

I

RELAY SCHEMATIC

85 87a 87

+----~
86 30

,1

...:1

r !

U

Common
Terminal

5-Pln Relay (Typical)

Normally
Open

Terminal

Relay
Coli

Terminals

Normally
Closed

Terminal

87

\

I
.J
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FUEL TANK SENDING UNIT
TESTING

Fuel tank must be removed for this operation. See
Fuel Tank Section "5".

- Connect an ohmmeter between the feed wire
terminal and the tank gauge unit body or mount
plate.

- Raise the float the desired level and note the
resistance reading.

Fuel Level Resistance Range
(Ohms)Full

2 - 12
3/4

46 - 60
1/2

86 - 108
1/4

150 - 180
Empty

280 - 320

D2-1



INSTRUMENT CLUSTER
LAYOUT

INSTRUMENT PANEL

1. Coolant Temperature Warning - If this light
comes on or you have other reasons to suspect
that the engine is overheating, pull the vehicle
over to the side of the road and shut the engine
off immediately. Contact your dealer for
assistance.

WARNING'
Operating the vehicle under an engine
overheating condition for even a short period
of time can result in a risk of personal injury
and serious vehicle damage.

2. Seat Belt Reminder - Lights comes on and tone
sounds for 4-8 seconds after ignition is switched
on as a reminder to fasten safety belts.

3. High Beam Indicator - Illuminated while
headlight high beams are in use.

4. Speedometer
5. Brake Warning - Lights while handbrake is

applied to any degree. Also lights if brake fluid
level is low or if a brake circuit malfunction
exists. If the light is on, be sure that the
handbrake is fully released. If the light remains
lit, stop the engine and check the brake fluid
level. If the brake fluid level is normal, do not
operate the vehicle until you have consulted
your dealer.

6. Oil Pressure Warning - Illuminates when the
ignition is switched on. It should go out as
engine starts. If the light comes on while
driving, stop the engine immediately and check
oil. If the oil level is normal, a malfunction exists
and your dealer should be consulted.

7. Turn Indicator Lights - Both arrows flash in
unison while signaling either direction and
during use of hazard flashers.

8. Brake PadWear Indicator - Light comes on when
either of the front brake pads is worn to a
predetermined level as a warning that brake
service is needed.

9. Battery Charge Indicator - Light should go out as
soon as the engine starts. If it illuminates while
driving, stop the engine immediately and check
drive belts. Tighten or replace as necessary. If
drive belts are satisfactory, a malfunction of the
charging system may exist.

10. Hazard Warni ng Indicator - Flashes whi Ie the
hazard warning flashers are engaged.

11. Automatic Transmission Monitor • Lights up
when the key is switched to the ON position to
verify that all systems are functioning properly.
The light should go out as soon as the engine is
started. If the light comes on while driving, pull
over to a level area on the side of the road, set
the hand brake and check the transmission fluid
level with the engine idling in Park. Add fluid if
necessary. If fluid level is normal, contact your
dealer for assistance.

12. Tachometer - Measures engine speed in
revolutions per minute (rpm).
* 0 - 5500 rpm: normal operating range
* 5500 - 6000 rpm (red lined zone): power

reserve for extremely short periods only
* 6000 rpm or higher (solid red zone): engine

rpm must be kept below this range or severe
damage may result.

WARNING
Be sure to shut off the engine before attempting
to check belts.

13. Panel Lighting Dimmer Knob - Controls the
intensity of the instrument panel lighting.
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INSTRUMENT CLUSTER
LAYOUT

!
J

1
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14. Coolant Temperature Gauge - If the gauge
needle moves into the red zone (indicating an
overheating condition) or you have other
reasons to suspect that the engi ne is
overheating, pull the vehicle over to the side of
the road and shut the engine off immediately.
Contact your dealer for assistance.

WARNING

Operating the vehicle during an engine over
heating condition for even a short time can
result in risk of personal injury and serious
vehicle damage. Contact your dealer for
assistance.

15. OiI Level Gauge - This gauge should be read
before starting the engine, with the key in the
ON position. The needle will move to the left
after the engi ne starts.

Vehicle must be on level surface for accuracy.
A - Oil level FULL
B - ADD SOON: Oil level is low but vehicle is still

driveable.
C - CAUTION: ADD OIL before driving vehicle.

16. Fuel Gauge - As the needle moves into the red
zone, fuel refilling is advisable.

17. Odometer - Records accumulated mileage on
vehicle.

18. Trip Recorder· Records mileage on trips or
between fuel fills.

19. Trip Recorder Reset Knob - Push in and turn to
the right to reset display back to "0".

CAUTION
Stop vehicle and shut off engine at once if any
of the warning lights come on, any gauge
enters the "danger" zone, smoke or steam
emits from beneath the hood, engine suddenly
loses power, or any sudden change in engine
operation occurs. Failure to do so may result in
severe engine damage.

011 Le.el Gauge

o~
C B A

03-2



INSTRUMENT CLUSTER
REMOVE AND REPLACE

CAUTION
Stop vehicle and shut off engine at once if any of
the warning lights come on, any gauge enters the
"danger" zone, smoke or steam emits from
beneath the hood, engine suddenly loses power, or
any sudden change in engine operation occurs.
Failure to do so may result in severe engine
damage.

REMOVAL

Disconnect battery.

• Remove the instrument panel cowl.
• Press down on the top of the cowl then pull it

towards the steering wheel.
• Remove gauge cluster assembly. Depress upper

retaining clips and tip toward steering wheel.
Harnesses and speedometer cable can now be
disconnected for complete removal.
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ALTERNATOR

EXPLODED VIEW
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ALTERNATOR

OPERATION - DIAGNOSIS

ALTERNATOR
WITH

BUILT-IN REGULATOR

These vehicles have alternators with a built-in
regulator. The warning light works as follows:

it is illuminated as soon as the ignition is
switched on.

- it goes out as soon as the engine starts.
- there is a failure in the charging circuit if it

illuminates while the engine is running.

Diagnosing Problems

WARNING
Disconnect the battery and regulator if any
electric arc welding is to be done on the vehicle.

Checking the current:
- Connect a voltmeter across the battery

terminals and read of the battery current
Start the engine and increase the revs. until the
voltmeter needle remai ns steady on the
regulated current figure. This should be
between 13.5 and 1sv.
Switch on as many accessories as possible; the
controlled current should remain steady
between 13.5 and 1Sv.
If the warning light does not illuminate when
the ignition is switched on, check for:
- broken alternator drive belt,
- broken charging wire,
- internal alternator failure (rotor, starter,

diodes or brushes),
- faulty regulator.

If the customer complains of a charging failure
although the warning light functions correctly:
- check the regulator if the regulated current is

less than 13.Sv. The problem may be due to:
- a faulty diode,
- a severed phase,
- or carboned-up tracks.

The regulator should be replaced only after the
first 3 possibilities have been checked and found
correct.
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ALTERNATOR

REMOVE AND REPLACE

n
J

Do not use a screwdriver or similar tool to force the
belt off or onto a pulley as the synthetic fibers will
be damaged and the belt will fail prematurely.

REMOVAL

Disconnect the negative battery cable.

Remove the splash shield.

Loosen the tensioner bolt (1).

Remove the mounting bolt (2) and swing the
tensioner to the side.

Remove the serpentine belt.

Remove the mounting bolt (3) and lower the
alternator.

Disconnect the wire harness from the alternator.

INSTALLATION
Connect the wire harness to the alternator.

Position the alternator at the mounting bracket and
install the attaching bolt (3).

Install the serpentine belt.

Position the tensioner and install the mounting bolt
(2).

Adjust the belt tension. Refer to page 87-1 for the
adjustment procedure.
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ALTERNATOR
REPAIR

REMOVING REGULATOR
These alternators are similar to others of rear mount
regulator design; the disassembly procedures are
similar, the regulator being mounted to the brush
holder; remove in similar fashion to a brush holder:
_ Disconnect the wire from the diode bridge
_ Remove both hex, head bolts from the regulator
- Remove regulator

NOTE: The alternator need not be removed for this
operation.

Changing a brush holder.

Unsolder the 3 terminals and remove the
brush holder.

Bolt the new brush holder to the regulator to
prevent straining it when mounting it to the
alternator and possible damage to the
regulator printed circuit.

Resolder the 3 terminals taking care not to
melt the plastic.
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STARTER

REMOVE AND REPLACE

NOTE: The starter is removed from below.

REMOVAL

• Disconnect the negative battery cable.
• Disconnect the intake manifold support brackets

(1) at the base plate (2) and remove the base plate
from the engine block (gas engine vehicles only).

• Remove the three starter motor-to-bellhousing
mounting bolts (4).

• Remove the starter mounting bracket bolts (3).
• Lower the starter and disconnect the wire harness

to the starter solenoid.

INSTALLATION
• Connect the wire harness to the starter solenoid.

IMPORTANT

Make sure alignment dowel is mounted in the
starter or bell housing. Mounting the starter
without the dowel will result in starter
drive-to-flywheel misalignment.

• Position the starter in the bell housing and install
the three mounting bolts (4).

NOTE: Tighten these bolts before proceeding to the
next step.

• Install the starter mounting bracket attaching
bolts (3).

• Install the base plate (2) on the engine block and
the brackets (1) on the base plate.

• Connect the negative battery cable.
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STARTER

PARIS-RHONE 01 DE 88
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STARTER

PARIS-RHONE D10E88

, I

1

COMPONENT REPLACEMENT

STARTING DRIVE MECHANISM

After removing the armature, tap the stop collar
with a drift to disengage the retaining clip.

When installing the starter drive mechanism, put the
clip back in place and push the stop collar over the
clip.

ADJUSTING THE STARTING DRIVE MECHANISM •
SOLENOID LINKAGE FORK

Connect the solenoid to a battery.

With the solenoid energized, measure the clearance
(1) between the drive pinion and the stop.

NOTE: Clearance = 1.5 mm (0.059 in)

If the clearance is not correct, adjust it with an
eccentric pin (2) in the fork.

. I
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STARTER
PARIS-RHONE 010E88

BRUSH REPLACEMENT
Remove:

• the starter
• the case

• Unsolder the brushes to be replaced.

• Solder on the replacement brushes.

• Check the armature and reinstall the starter.

SOLENOID REPLACEMENT

Unscrew:
• the electrical connection

• the mounting nuts

• Remove the solenoid

• During installation, put the spring in place and
check the seal.
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WIRE HARNESS
REAR WIRING HARNESS

ROUTING

52 - Brakelights switch
64 - Handbrake
65 - Fuel tank gauge unit
81 - Front harness junction block
99 - Dashboard ground
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WIRE HARNESS
ENGINE AND FRONT HARNESS

ROUTING
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WIRE HARNESS
ENGINE AND FRONT HARNESS ROUTING

1 - L.H. sidelight and turn signal
2 - R.H. sidelight and turn signal
7 • L.H. headlight
8 - R.H. headlight

10 • R.H. horn
13 - L.H. ground
14 - R.H. ground
16 - Battery
18 - Ignition coil
20 - Windshield washer pump
26 - Windshield wiper motor plate
27 - Brake master cylinder

29 - Instrument panel junction blocks
31 - Rear auto heater switch
32 - Rear wiper/washer switch
33 - Dual battery switch
34 - "Hazard" warning lights switch
44 - Accessories plate
52 - Brake light switch
53 - Ignition - starter - anti-theft switch
58 - Windshield wiper-washer switch
59 - Combination lighting switch
60 - Turn signal switch
80 - Connector - front and engine harness
81 - Connector - front and rear harnesses
99 - Dashboard ground

106 - Dual battery switch
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WIRING DIAGRAMS

Wiring Diagram Index:

Wi ring Assembly Identification Guide 07-2

1987 Model Year Production

Component Locations, Harness and Wi re Codes 07-5
Wi ring Diagrams , 07-8

1988 • 89 Bosch

Component Locations, Harness and Wi re Codes 07-26
Wi ring Diagrams 07-30
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WIRE ASSEMBLY IDENTIFICATION

The Harness Code tables at the beginning of each set of diagrams list the letter codes and descriptions of
wire assemblies in that set of diagrams.

Figure 1 on the following page illustrates the symbols used to identify wire assemblies and splices within
wire assemblies as described below.

1. A wire assembly is coded with one or two letters in configuration like this:

Aol.-,-----"-"-, ------------------' M~'-"----...-.....--------AG-----------1 '
·AE .,.~". ~ ~ I AE

2. An internal splice within a given wire assembly looks like these examples:

D IAE AH
~

3. A splice that connects two separate wire assemblies or a wire assembly to a component will look like
this:

~AC i:=:!;:"~~ :::;~::: 't
u
,

(Note absence of letter code beside splice symbol)
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WIRE IDENTIFICATION

Eachwire in the diagram is identified with a code that includes a wire identification number, color, gaugeand destination or origin of the wire.

CHASSIS ASSEMBLY WIRES

Eachwire within a chassiswire assembly is identified on a diagram with a code as shown below. The code
contains two wire gauge sizes - one in Metric wire thickness and the other in AWG (American Wire Gauge)size.

Example: 2YEUBLU1,4 (14)-J2

2 YEUBLU (14) -J2

T
Destination (Connector, Component of Splice)

AWG Wire Size

Metric Wire Size

Color

Wire Identification Number

WINNEBAGO ASSEMBLY WIRES

Wires in a Winnebago wire assembly are identified similarly to the chassiswires, except that the code doesnot include a Metric wire size.

Example: 2A BlU(14)-A

. j

2A BLU

Color

(14) -A

T DIation (Connector,
AWG Wire Size

Component or Splice)

Wire Identification Code
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1987 PRODUCTION

COMPONENTLOCATIONS
NO.

NAME SHT.NO.NO.NAME SHT.NO.

16

WINOSHIE:LO WASl£ll FLUID RESERVOIR 03168INJECTOR-CYLINDER f2 05
27

:OOLING FANS 02169INJECTOR-C'ILlNOER #3 O!S
28

ALTERNATOR 02170INJECTOR-COLO ST AIlT O!S
29

SENSOR-Fl.t.llIATOR COOLANT TEMP • LOWER 03171llllOl.H) 05
30

AlC CQIf>RESSOR 03172TI'AOTTLE POSITION SWITCH O!S
31

PRESSURE SWITCH-PIS.A/C 03173IN..£CTCIR-CYLIIID£R U OIl
32

PIlESSUlE SWITCH-COOLM FANS 03174WATER TEMPER"TUlE SWITCH-THEIlNO TIME 06
33

PRESSURE SWITCH-A/C.LOW 0317!lWATER TEHPER"TUlE SENSOR-INJECTION S'ISTEMO!S
34

PRESSURE SWITCH-"/C.HIGH 03176CMl DOOR SWITCH. RIGHT 09
35

SENSOR-R.t.llI"TOIl COOLANT TEMP.uPPER 03177TiJlN SIGNAL/l£AOUMP/loIASI£Il HECHANISM 09
36

ClJ'./NECTOR-TO 209 02178FRCNT LEl'T CLEARANCE LIGHT -LEFT SIDE 12.16
37

RELAY-F'AN 02le7CCN€CTOR-UMISEO 08
38

RELII Y- AlC CL.UTCH 02188CCN€CTOR-UNUSEO 08
39

IlEL"Y-FAN 021119CotH'CTOR-UNUSEO 09
~o

CIRCUIT eREAKER-20NIP 02190FlELAY-PUMP,FNL DRIVE 02
41

CIRCUIT BREAKER-aOJ>.tIP 02191SWITCH- THERlotO 02
42

OIOOE: 031'J2PUMP-FNL. DRIVE 02
43

OIooe: 03193CIRCUIT 8REAI<ER-20 NIIP 02
~4

o lODE 03194CONNECTOR TO A06 011
45

SOLENOID VALVE 02I~BATTEIlY CONDITION SWITCH 07
46

PRfSSiJlE SWITCH 02196BATTERY CONDITION GAUGE 07
48

PEL-IIY-EMISSION TIMER 02197DIODE-IGNITION SWITCH 08
49

AUTOMATIC TIl~ISSION COMPUTER 03199CIGAAETTE UGHTER 07
:\0

i'£,6,DLAMP. RIGHT 01200BRAKE PAD SENSOR 01
:\1

HEAOLI\HP • LEFT 01201"UTO AlC PLUG 12,16
52

HORN 01202AUTO AlC GROlJIo,O 12.16., AIR BY-PASS VALVE 03203RELAY-RE1IR WIW /\NO AUTO HEATER 12--
!l!l

IGNITION MODU..E 03204RAOIO PLUG 12
57

RELIIY-NEUTRAL START 04205GROl..W BAA 13
58

"CCELERATOR CMlLE TERMINALS OR CRUISE CNTRL 04200LEFT DOOR SPEAKER 13.17
60

sPLICE-TO CRUISE CONTROL 07207R IGHl DOOR SPEAKER 13,16
64

OVERFLOW BOTTLE 04209TO 36 13,17
65

8RAKE F'LUID RESERVOIR 03211BATTERY (CHASSIS) 13.17
67

STARTER 03212811TTERY GROUi'() 13.17
70

-
IIIRFLOIl METER 02213POi/ER DOOR LOCK. GROUND 13,17

72
TURN AHJ PARK LAHP.RIGHTFRONT01214RELAY-PQIoIfJ1 J:lOOR LOCK (U!'l..OCK) 13,17

73
SIOEMARKER.RIGHT FRONT 01218REL.AY-POWER DOOR LOCKCLOCK) 13.17

74
TURN J#:) PARK LAMP.LEFT FRONT 01216MOTOR-POWER DOOR .RIGHT 13.17

7~
SIOEMARKER.LEFT FRONT 01217Si/ITCH-POWER DOOR.RIGHT 13.17

7e
RELAY-RPM 06218MOTOR- POWER DOOR. LE"T 14.17

7 ••
LAfo4ll0A SENSOR 06219SWITCH-PO~R DOOR,LEFT 14.17

65
BAROMETRIC PRESSIJRE SENSOR 10220MOTOR-POWER DOOR,COACH 13.17

S~
F'UEL PUMP II221RE",R ",UTO HEATER ; 4

,,7

IN~EC;!ON CowPUTER II222MOTOR-REAR AllTO HEATER "
~~,

RELAY-TACHYMETRlo.~ 10223S\lITCM-AISLE LIGHT ,4n HEIITER "AN 04224II I SLE LIGHT-DOOR I~
••8

WINOSl-lIELO WIPER MOTOR C4225AISLE LIGHT -REAR 14
10)

8REAKER PLATE oe. 13. 17226SPEAKER-RIGHT REI\R I A. ,7
1'.'2

rlAZARO ~-ASHER S~ITCH 07227SPEAKER-LEFT REAR 14,17
109

CONNECTOR-TO ADOS 07228S\lITCH REAR WIPER Ii/ASHER 14
110

CONNECTOR-TO AD(PI6 ORN/BLK) 07229SWITCH-REAR AUTO HEATER 14
: 12

FUSE PANEL 07230GRWlO-T"IL LIGHTS 15.18
113

8RAKE LIGHT SWITCH 07231REAR IIIPER MOTOR 15
114

IGNITION SWITCH 011232REAR IIA$l£R BOTTLE 15
119

HEATER CONTROL SWITCH 08234GROl.N?-RELIIY 12
120

INSTRUMENT CLUSTER 08235CIRCUIT BREAKER-IS AMP 17
I~

HEATER CONTROL LIGHTS 08236CQNro£CTOR -UN.JSEIl 10
127

BATTERY CHANGEOVER SWITCH 07
129

WATER TEIflERATURE FL1ISl£ll 09
130

T"ILLIGHT ADAPTER ASS~Y 10
131

RELAY-CLEAR"NCE LIGHTS 10
133

RELIIY-HIGH ENGINE TEMP 10
1:J4

o lODE 09
135

CAB DOOR SWITCH.LEFT 09
137

PARK elWCE 10
136

PARK BRAKE LIGI1T 10
139

SEAT BELT 10
140

Fl.EL TA/'I( SENDING UNIT II
141

SPLICE-flENAUL T TO WINNEBAGO II
142

ASHTRAY LIGHT • LEFT 11.16
144

FROtIT CLEARANCE LIGI-lT-LEFT 12,16
IAS

FRONT CLEARANCE LIGI-lT -CENTER 12,16
146

F'RONT CLEARANCE LIGI-lT-RIGHT 12.16
147

FRONT CLEARIINCE LIGHT-RIGHT SIDE 12,16
146

DOME LIGHT 12,16
149

ASHTRAY LIGHT.RICHT 12.16
IlIO

FOOT LIGH'I' • RIGHT 12.li
.51

VISOR LIGHT 12.16
H~2

REAR C!.EAIlAIa LIGHT -LEFT SIDE 15,18
153

REAR CLEARANCE LIGHT-LEFT 15,18
154

REAR CLEAAAt.CE LIGHT-CENTER 15.18
155

IlEAR CLEAAANCE LIGHT -RIGHT 15.111
156

REAR CLEARANCE LIGHT -RIGHT S 10£ 15,111
157

SIDE MARl<EFl.FlIGHT REAR 15. III
15<>

TAIL LIGHT.RIGHT 15.18
1159

6 IDE MARKER. LEFT REAR Ill,18
160

TAIL LIGHT. LEFT 15.111
161

LICENSE PLATE LIGHT le.la
163

GRO\,N) 10
164

INTERNAl. sPLICE 05
16!5

INTERNAl. SPLICE 05
166

AIR BYPASS SOLENOID 05
1~7

I~ECTOR-CYLlNOER .1 O!S

8-43
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1987PRODUCTION

CONNECTORLOCATIONS
NO.

NAME SHT.NO.NO. DESCRIPTIONSHT.NO.

A I

CCNNECTOR-FUSE PAI£l(WHITE)071<1CONNECTOR- IGNITION MOCIl.U 03
A2

CONNECTOR-F"U$E: PANEL(YEU.OWI07K2CONNECTOR- TO E I 0 03
A3

CONNECTOR-FUSE PMEl.(BROWN)07K3CCN£CTOl<- TO 1\31 03
A4

CON'lECTOR-I'USE pA/I£L(GREEN)07K4CO/INECTOR- TO 1\36 03
A5

CONNECTOR-FUSE P~L (RED) 07K5CONNECTOR-RELAY-EMISSION TIMER 02
A7

CONNECTOR-TURN SIGNAl SWITCH 09K6CONNECTOR-PRESSURE S~ITCH 02
A8

CCNlECTOR-IiINDSHIEL.D ~PER SWITCH 09KI8CONNECTOR- TO F I I 04
A9

CONNECTOR-LIGfolT SWITCfol 091<24CONNECTOR- TO Lot4 02
AIO

CONNECTOR-INSTRUMENT CLUSTER 08LICONNECTOR-RElAY-FAN 02
All

CONNECTOR-INSTRUMENT CLUSTER 06L2CONNECTOR-RELAY-AiC CLUTCH 02
AI2

CONNECTOR-INST~ CLUSTER oeL3CONNECTOR-RElAY-FAN 02
AI3

CONHECTOR-EMERGENCY FLASHER S·t/ITCH 07L4CONNECTOR-PRESSURE S~ITCH-P/S.A/C 03
AI4

CONNECTOR-~INOSHIELO ~IPER MOTOR 04L5CONNECTOR-PR~ 5~ITCH-COOl.ING FANS03
AI!:>

CCNolECTOR-TO 141 06L6CONNECTOR-PRESSUlE SWITCH-A/C ,LOW 03
All>

CONNECTOR- TO MJ 09L7COIN::CTOR-PRESSUA£ ~ITCH-A/C. folIGH 03
AI7

CONNECTOR-TO GI 04LIOCOo'I£CTOR-COOl.ING FANS 02
AI9

CONNECTOR-TO XI oeLI2CONNECTOR-COOl. ING F",NS 02
A20

CONNECTOR-+EATER SWITCH oeL24TERMI~L-ALTERNATOR.NEGATIVE 02
A21

CONHECTOR -I-£A TER MOTOR 04L44CONNECTOR-TO K24 02
A22

CONNECTOR-UNUSEO 01L56CONNECTOR- TO A6t\ 01
A23

CONNECTOR-TO C I 03L74INTERNAL SPLICE 02
••.:::6

CONNECTOR-'JloIt!SEO 07HICONNECTOR- TO A I !l Ol>

A27
CONNECTOR-BRAKE LIGHT SWITCH 07M2CONNECTOR-TO "'Ja 06

A2/l
CONNECTOR-IGNITION SWITCfol oeMJCONNECTOR- TO A I 6 09

A29
CONNECTOR-IGNITION SWITCH 08M4CONNE~TOR- TO 1<21 10

A31
CCNlECTOR-TO KJ 03MIlCONN£CTOR-RELAY CLEARANCE LIGHTS 10

A32
CCNNE:CTOIHIIPER DELAY RELAY 08M6CONNECTOR-TAIL LIGHT ADAPTER ASS'M8LY 10

AJ5
CONNECTOR-TO JI oaH9CONNECTOR-REUY-folIGH ENGINE TEMP 10

A36
CCNNECTOR-TO K4 031410

COIIo.IECTDR-TO AD3 OR IA'''LLj)

12
,,38

CCtolNECTQIl-TO M2 061'411CQl,NECTOR- TO AE I • 12
A39

CONNECTOR-TO AoIl oeMI2CQN'I,ECTOR- TO A02 12
A40

CCNNECTOR-TO F!5 04MI3COIf-£CTOR- TO S I 14
A41

CONNECTOR-TO 1.39 08MI4CONNECTOR- TO 52 14
1\42

CONNECTOR-UNUSED 011'415CONNECTOR- TO 53 14
A46

CCN£CTDR-FUSl:: PANEl 07HI6CO!M:CTOR- TO Sol 14
A61

CCN£CTOR-TO G6 04MI7LNJSED II>
A62

GROUNO-f"IREWALL 031418CONNECTOR- TO N 10
1\66

SPLICE-RADIO MEMORY 07MI9CONNECTOR- TO 56 18
1.67

CCNNECTOR-LJNUSEO 08M20CONNECTOR- TO P 10
1.68

CO'olNECTOR-TO L56 01M21CONNECTOR- TO 55 18
A69

CONNECTOR-BRAKE PAN 5ENSOR 0151CONNECTOR- TO MI 3 14
A70

CONNECTOR-BRAKE PAN SENSOR 01S2CONNECTOR-TO 1'414 14
/>.71

INTERNAL SPLICE 0353CONNECTOR- TO M 15 14
A72

INTERNAL SPLICE 06S4CONNECTOR- TO H 16 14
/>.73

SPLICE-TO 72 ANO 73 0155CO/lo€CTDR- TO 1421 18
;.,74

SPLICE-TO 74 AND 75 0156CO~NECTOR-TO MI~ 18
A76

GROUND-FIREWALL 03TICONNECTOR- TO Ea 05
A77

INTERNAL SPLICE 06T2CONNECToR- TO E6 ~
A7!>

INTERNAL SPLICE 06T3CONNECTOR-THROTTLE POSITION SWITCH 05
/>.79

INTERNAL SPLICE 0614CONNECTOR-AIR BYPASS SOLENOID 05
CI

CONNECTOR-TO A23 03T5CONNECTOR-lNUECTOR-CYLINCER ., 05
C2

CONNECTOR-TO WINDSHIELD WASI£R PUo4P 03T6CCNNECTOR-INJECTOR-CYLINOER '2 05
01

CONNECTOR-TO A69 AND 1.70 01T7CONNECTOR-INUECTOR-COLO START 05
EI

CONNECTOR-INJECTION COMPUTER IIT8CONNECTOR-INJECTOR-CYLINDER '3 Cl5
E2

CDtI'ECTOR -BAROMETRIC PRE5SLRE SENSC¥l 10TiCONNECTOR-INJECTOR-CYLINDER '4 Oll
EJ

CONNECTOR-TO J;i! 09TIOCONNECTOR-WATER TEMPERATURE SWITCH 05
E4

DIADNOSTIC PLUG 06TIICOfoIolECTOR-WATER TEMPERATURE SENSOR 05
E~

C~CTOR-RELAY-RPH 06UICONNECTOR- TO AD9 IJ
EF.

CO•.••NECTOR - TO T2 05U2CONNECTOR-TO RELAY(LOCK) 13.17
£7

DIAGNOSTIC PLUG 06UJCONNECTOR-TO RELAY(UNLOCK)13,17
Ee

CONNECTOR-TO TI 05WICONNECTOR-CI-Ur£ 10
E9

CONNECTOR-AIR F~OW~TER 02W21CONNECfOR- TO Mol 10
EIO

C(.HlECTDR- TO K 2 03XICONNECTOR-TO •••19 08
Ell

CCHECTOR-TO .J4 10X2l.NUSED 07
E 12

COl+ECTOR-TO J3 10X3CONNECTOR-CIGARETTE LIGHTER 07
E20

INTERNAL SPLICE 10ASICONNECTOR-RELAY-PUNP,FNL DRIVE 02
E21

INTERNAL SPLICE 10AS2CONNECTOR-PUHP-FNL DRIVE 02
E22

INTERNAL SPLICE IIAIl3INTERNAL SPLICE 02
E23

INTERNAl SPLICE 10AIl4INTERNAL SPLICE Co2
E24

INTERNAL SPLICE 10AtlMOTOR-POWER OOOR LQCj( •COACH IJ.17
E25

INTERNAl SPLICE 091.01CONNECTOR-TO AE2 12
E26

INTERNAL SPLICE 09AD2

CONNECTOR-TO 1412 ~

i 2
FI

CCNoECTOR-TO G2 04A03CONNECTOR-TO 1'410 OR AGI , 2
F3

CONNECTOR-AUTOMATIC TRANSMISSION COMPUTER03A04CONNECTOR-AUTO AlC ! 2,16
F4

CONNECTOR-RElAy-NEUTRAL START 04AD6CONNECTOR-ilADIO 12.16
F5

CQNo£CTOR-TO A40 04AD6CONNECTOl1- TO 194 12.16
FII
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1988 PRODUCTION

LOtATIONS

-
COMPONENT

r...n

e:t:.--)

0
=

NO. NAME SHT .NO.NO. NAME 5HT .NO.-I')n r...n

=- If,
~INDSHIELD ~ASHER FLUIDRESERVOIR03,f,SINJECTOR·cYLINDER '2 OS,.,..,0'1

27COOLING FANS O?1f,9INJECTOR·CrLINDER '3 OS-?S ALTERNATOR O?170INJEC TOR-COLD START OSIf)
C129

SENSOR-RADIATOR COOLANTTEMP, LOwER03"'GROUND 05r...n

30
AIC COMPRESSOR 03172THROTTLE POSJT ION S~ITCH OSe:t:

31
PRESSURE SWITCH-PIS.AIC 03173INJECTOR-CllINDER •• OS:r

32
PRESSURE swITCH-COOLI:lGFANS0317_~ATER TEMPERATURE SWITCH-THERHO TIHE OSu

~
33PRESSuRE SWITCH-AIC.LOW 0317SWATER TEMPERATURE SENSOR-INJECTION S'STEHOSI§i3_

PRESSuRE SWITCH-AIC .HIGH 03Ile,CAS DOOR S~JTlH.RIUHT 09::c

~
3S

SENSDR-RADIHOR lDOLAN' TEHP,UPPER 03,77TURN SIGNALlHEAOLAMPI~ASHER MECHANISH 09e:t:
3D

CONNECTOR-IO 209 O?,7SFRONT LEFT CLEARANCE L1GHI-LEFT SIDE I~a:
37

RELAY-FAN 02ISf,CONNECTOR-UNUSED 090
JS

RELAY·A/C CLUTCH 02187CONNECTOR-UNUSED OSex:
39

REl~'r -I=' APi 02IS8CONNECTOR-UNUSED OS-
~O

CIRCUIT BREAKER-20AHP 02IS910 TANSHISSION 8ELL HOuSING 03O.
~I

CIRCUIT BREAKER-20AHP 02190RELA,.PUMP,FNL DRIvE 02
~2

III ODE 0319;S~JTCH- THERHO O?~
~3

DIODE 03192PUHP-FNL ORI VE 02.z:-~ DIODE 0319JC IRCUI T 8REAKER-20 AMP 02-i~S SOLENOIDVAL VE 0219_CONNECTOR TO Aor; 08a:
~e,

PRESSURE SVIICH 02195SATTER' CONDIT ION S~ITCH oe,~-
~S RELAT-EHISSION TlHER Q 0219f,SATTERY CONDJTION GAUGE 06=3<
~9

AUTOHATIC TRANSMISSION COHPUTER e,. 03197DIODE-IGNITION S~JTCH 08
50

HEADLAMP ,RIGHI 01199CIGARETTE LIGHTER 07
5'

HEAOL AMP, LEF T 01200BRAKE PAD SENSOR O'
5?

HORN 01?02AUTO AlC GROUND 13
53

AIR BY-PASS VALVE 03?OJRELA,.REAR ~I~ ANDAUTO HEATER13
5S IGNITION HODULE Q 03?O_RAOIO PLUG 13
57

RELA'-NEUTRAL START • 0_?OSGROUND SAR I.
SB

ACCELERAIOR CA8LE TERHINALsDR CRUISECNTRL 0_206LEFT DOOR SPEAKER I.
60

SPLlCE- TO CRUISE CONTROL tf:j 07
?07RIGHT DOOR SPEAKER I.

6_
OVERFLOW BOTTLE e, O.?09CONNECTOR-TO 3e, ,.

&S
BRAKE FLUID RESERVOIR 03210SATTER' CHANGEOVERSOLENOIDI.

&7
SIARTER 03211BATTER'(CHASSIS I ,.

70
AIRFLOV METER O??I?SATTERY GROUND ,.

72
TURN AND PARK LAMP,RIGHTFRONT01213PO~ER ODOR LOCK, GROUND ,.

73
SIOEI1ARKER,RIGHT FRONT 01?'~RELA,·POWER OOOR LOCKIUNLOCKJ I.,- TURN AND PAR' LAMP ,LEFIFRONT012'SRELA,-POVER DOOR LOCKILOCKI I.

'S
SIOEHARKER,LCFT FRONT O'216HOTOR-PO~ER DOOR,RIGHT I.

'S
RELA,.RPM 062"SWIICH-PO~ER DOOR,RIGHI I~

'9
LAHBOA SENSOR 0&21BHOTOR-PO~ER ODOR,LEF T IS

es
BARoMETRIC PRESSURE SENSOR '0219S~ITCH-povER ODOR,LEFT IS

Bf,
FUEL PUHP "2Z0HOTOR-POVER DOOR,COACH I.

B7 INJECTION COMPUTER Q II2Z1REAR AUTO HEATER IS
92

RELAY-TACH'METRIGUE e" '0222110TOR-REAR AUTO HEAlER IS
97

HEATER FAN O~223S~ITCH-AISLE LIGHI IS
98

VINDSHIELO viPER HOTOR O.2Z~AISLE LIGHT-DOOR IS
100

BREAKER PLAIE OS,'"22SAISLE LIGHT-REAR IS
102

HAZARD FLASHER S~ITCH 0'2Z&SPEAKER-RIGHT REAR IS.le
109

CONNEC10R- TO A008 0'227SPEAKER-LEFT REAR '5,1&
" 0

CONNECTOR.TO AOIPIe,ORN/8LK I0722~S~ITCH REAR ~IPERI~ASHER 15
"2

FUSE PANEL 072Z9SWJTCH-REAR AUTO HEAlER IS
113

BRAKE LIGHT SWITCH 07230r,ROUNO-TAIL LIGHTS 16.18
, ,~ IGNI TlON SVITCH OB231REAR VIPER HOTOR 17
119

HEATER CONTROL S~ITCH OB232REAR WASHER BOIILE 17
'20

INST_ENT CLUSTER 0823~GROUND·RELA'

!W
,3

125
HEATER CONTROL LIGHTS 0823DCONNECT()f;-UNUSED 10

127
BA I TER, CHANGEOVER SWITCH 07237=~~:~..xLA' :;::::::==

10
'29

VATER TEMPERATuRE FLASHER 09238 '0
'JO

TAILLIGHT ADAPTER ASSEI1BL' '0239SENDING UI4I1-0IL LEVEL 09
'31

RELA'-CLEARANCE LIGHTS 102~0RELAT-~IPER O(LA, OB

'33
RELAY-HIGH ENGIN< TEHP 10_ ..TRANSHISSJON 0_

13~
DIODE 092~2FUSE-2'5A 13

13S
CAB ODOR S~ITCH,LEFT 092~3(yAPORA lOR FAN HOIOR 12,13

'37
PARK BRAKE '0Z"RELA,-AIC, SPST,NOR"'ALL ,oPEN I12

'38
PARK BRAKE LIGHT '02~STHERHOSTAT-AIC I-

'39
SEAT BEL T '02~6FAN sPEED SVIIC~f1j I-

I~O
FuELTANK SENDING UNII II2~'TRAILER PLUG. 1&

,~, SP'.ICE-RENAULT10 'INN£BAGO 'I2~BRELA,-TURN SIGNAL 07,.- ASHTRAY LIGHT ,LEFT 13_~9O,ERHEAO L IGHI 15,'e,
I~~

'RONT CLE 4RANCE LIGHT-LEFT '2
'.5

FRoNT CLEARANCE LIGHT -CENTER '2
1~6

FRoNT CLEARANCE LIGHT-RIGHI 12
I~'

FRONT CLEARANCE LlGHI-RIGHTSIDE'2
I~B

00tlE L I ClHT '2
'.9

ASHTRA' LlClHT, RIGHT ,-
'50

FOOT LlClHT ,RIGHT '2
IS'

vISOR L1ClHT 12
152

REAR CLEARANCELlGHI-LEF ISlOE /', '8
'53

REAR CLEAPAOlCELIGHT-LEFT 11. '8
'54

R~AR CLEARANCELlGHI·CENIER 11. f8
ISS

REAR CLE ARAOlCELlGHT.RIGHT 1'.18
'56

REA" CLEARAOlCE LIGHI-PIClHTSlOE",18
'5'

SIDE MAIlllER, II I ClHT REAR 17.18
1511

TAIL L1ClHT ,RIGHT 17.18
'59

SIDE I1ARKER.LEFT REAR 1'1 •• 8
160

TAIL LIUHT .LEFT 17,18
.&'

L ICENS( PLATE LIGHT ", ,B
,t3

~ '0
I&~

INTERNAL SPL ICE OS
'r.S

INTERNAL SPL ICE 05
1(,6

AIR 8YPAS!' SOLENOID 05
.r.'

INJEC TOR·C ,LINDER " 05

07-26



1988PRODUCTION

I

-
iJ1

CCNI~EC TOR
LOCATIONS

"'"

'0

<.::'

=
NA"'ESH1.NO.

_.
r-r:

tHJ.
NAME 5HT.NO.N8.

r~)
iJ1=

~ 12CONNEt TQA- TO Eo 05AP5INTERNALsPlI CE 15-M
a-.

13CONN£Cl0~-lHROTTLE POSIT:ON SWJT':H 05APoCONNEC10A-TO AA 10r..n
-

l'
CONNECTOR.AIA STPA55 50lENOID 05AP7INTERNALSPl I CE 10r..nQ)

,.,

(ONNE( TOR·}NJEC Tf')R-C fl.lNDEFl , I r,5AP8tNTERNALSPLICE I~d:
If"

(ON'~E( TQR· tNJEC lOr~ r tl INOER '2 05AP9CONNECTOR- TO AR 1&I'
17

CONNE r: 1 f)P~ 1NJ(C HJR-COLO S TA~T 00;~p r 0CONNECTOA-TO AR 10;U
'"

18CON'~ECTOR-INJECTQA-CYLINOER '3 00;ORCONNECTOR- TO 2'9 1'5.1&~!!~
T9CONNEClOR-iNJEC 1OR-CT~ INOER ,. 05

TlO
CONNECTOR-OATEA TEMPERATVR( Sol! CM 05

~~~111

CONNEClOR-OAlER lEMPERATVRE SENSOR 05
VI

CONNECTOR-TO ADS ,< e
V2

COi ••:4ECTOR-TO RELAYI LOCIr.. II< a:
V3

CONNECTOR-TO RflhI UNLOCt<. II. -
V·

SPlICES-oIRE .SM.COACM DooALOCI(I. O.
vS

INTERNALSPL 1 Cf ,.
Vo

INTERN'"SPLICE I. e
V7

INTERNAL SPl I CE ,. Z
VS

INTERNAL SPL]CE I. -~:.
vS

INTERNAL SPLICE I. 0:~
V'O

INTERNAL SPLICE " oj-

VII

INTERNAL SPL ICE •• ;;~
vI2

INTERNAL SPLICE "

uI3
INTERNAL SPL ICE I.

.,
CONNEt TOR-CMIME 10

021
CONNECTOR- TO H4 10

XI
CONNECTOR-TO Al9 as

>2
CONNECTOR-VNUSED 0'

>3
CONNECTOR-C I aAR( 11ELIGHTER07

T

TO IGNIl ION MODULE 03

Z

TOIBS 03
A'

TO laNI nON MODULE 03

'SI
(ONNEC JOR-RElAY -Pll"1P. FNLDRIvE02

'B2
CONN£( TOR-PUMP-rNl ORI vE 02

'S3
INTERNAL SPl.ICE 02

'B.
INTERNALSPl I CE 02

'C'
MOTOR-POwER OOOR lOCI( .COAlM I.

'C2
SPLICE-TO U. I.

'01
CONNECTOR-TO 'E2 13

'02
CONNECTOR·TO MI2 13

'03
CONNECTOR-TO MIO 13

'0.
CONNEC TOR- ro At'll 13

'OS
CONNECTOR-R'DI 0 13

'DE>
CONNECTOR·TO 'S. 13

'07
CONNEC TOA-REL." T -RE ARWI" AND AUTO H( ArEA13

'DS
CONNECTOR- TO109 I.

'OS
CONNECTOR-TO UI I.

ADIO

INlERN'" SPLICE I.

AOII

INTERNAL 'SPLICE I.

,1,012

INTERN'L SPLICE I.

AOl3

INTERN'" SPLICE I.
AOI ~

INTERN'" SPL ICE ••
'DIS

INTERNAL SPLICE 'S

'E I
CONNEt TOR- TO HI I '3

'E2
CONN£( lOR- TO '0 I I.

'E3
CONNEC TOR- TO REARAUTO HEATERIS

AE.
INTERN'" SPLICE '.

AES
INlERNAl SPl ICE IS

'Eo
INTERNAL SPLICE IS

A[7
INTERN'" SPl I CE I;

'F
SPLICE-TO S?e "

'al
CONNECTOR.tO API IS

'J I

CONNECTOR-lO a2 O·
hi

CONN£( TOR- TO 2.7 10

"2
INTERNAL SPLICE 10

.n
INTERNAL SPLICE 10

•••
INTERNALSPlIC( 10

"S
INt(ANAlSPLICE 10..~ INTE ••••• lSPlI CE I~

•• 7
INTERNAL SoPl JCE '0

"S
CONNECTOR- TO S< '0

A.S
CONNECTOR-TO "IEl 10

AK 10

CON>JEtTOR- TO S3 10

AI( It

CONNE110R- lO MIS 10

AI( Ii

CONNECTOR-TO S I Ie.

AI( t 3

CONNECTOR.TO MI3 10

'll
CONNECTOR- TO OILSENOINa VNI'OS

'MI
CQNN[C tOR- TO '0. 13

'M2
FUS£-2'S' 13

'''3
;USE·~A 13

'M·
INTE ••••• l set ICE 13

'''S
CONNECTOR-TO F'N MOTOR.LEr! 12

'M(,
RU",·rAN."IGH Y£EO.LEFl '2

.,,7
RELAy.FAN •••• l"" sPEEO.AJGMT 12

AMe
RElAT-SWITCH POwER .2

'''9

CONNECTOR-to r'N sPEED SOPCM '2
Al'110

COhNEtTOR-TO rAN MOTOR.RIGHT '3
'NI

ccmNECTl)R-TO DELAT REL'" 10

'N2
CONNEC fOR- TO RELAT 10

'N3
CONNECTOR-TO J!i 10

'PI
CON"ECTOR·TO 'al 1'5

AP2
CONNECTOR.TO !"lIt '3

'P3
CONNECTOR-TO 9'110 .3

,P.
INTERNAL SPLICE 10;

8 - 65

D7-27
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1988PRODUCTION

SHT ,NO,

C ONf~E C TOR

I

-
~m
"'"

I
(..J

, ~i

~~
<::J
c:r
~i0:
<::Jz

Q8
09
10
, ~I
, 0
10

03
03
03
03
02
02
O.
02
02
02
o.
03
03
03
03
02
02
C2

C2
01
02
OE>

OE>

09
10
10
10
10

13
13
13I.
IE>I.
IE>
10
10
18
, 0
Ie
12
12I.
12
12

12
12
12I.
18
18
Ie
'e
Ie
10
10
III.
'E>

IE>

IE>
Ie
'e
17'.
17

IE>
"

17

,,
,,
Il
17

17
,7
"

"

,,
'e
'e
,e
Ie
,e
'e
17

as

SHT ,NO.DESCRIPiIO~J

C()NN(CIQR-!(; A35
CO"'N(CT0R- 10 E3

(ONNECT(:R-TO EI.?

CONNEC lOR- TO f I r- \CONNE(TOR·R[l A"-lA(H'fM(lRIOuE OR A"l3{1 :)
CONNE(,TCrG-IO [1.3
CONNECTOR-IG"'ITION MODULE
CO"'NEClOR-TO E 10

CONH(( TOR-TO >3'
CONNECTOR-TO '3.

CQNN£CTOR-R£LAy·EMI5SjON T II1ER
CONNEC TOR-PRESSURE SwI TCH

CONNECTOR-lO Fli
(,ONNF.C lOR- TO L4~
CONNE' 1 OR-AEL A y.F' AN
CONNECTOR-RELAy-A/e CLUTCH

CONNEC TvR-REL A Y_f' AN

CON~ECIO~-PRES5uRE SWITCH-P/S,A/e
CONNECIOA·PRESSUFfE SwITCI-I-COOLING FANS
(ONNEC: TOR-PRESSURE SW I TCH-A 1(..LO"
CONNEC TOR-PREsc.u~E S'Ir'I TCH-A/C. HI GH
CO"'NECtOR·COOlING FANS
CO •.••.•(( lOR-COOL ING FANS

TERMI ""AL - Al TER"'ATOR ,NEGA T I ..••E
CONNECTOR-TO 1<2~
CO •.••.•EClOR-TO '&e
I •.•TER •.•• l SPLlCE
CONNECTOR-TO Alt;
CON"'EClCR-TO '38
CONNECTOR-TO ".
CONNECTOR-TO .• 21

CO"'NECTOR-REl" CLE'"'NCE LIGHTS
CONNECTOR-TAIL LIGHl ADAPTER ASSEf'1BlY

CONNE( TOA-RELAY-HIGH ENa~NE TEMP C\
CON"'ECTOR-TO AD3 D~R 'P3~

CONNEC TOFl- TO AE' OR AP2 • ('
CO •.••.•ECTOR-TO '02 ~.

CONl'olECTOR-lO SI OR AKI ~

CO •.•NECTOR.TD S2 - . I

COfrfN£CTOR-TO S3 OR AKI f I \ /\ .~g::~~~~g:=~~Ai~8~~TAKg ~~:OJ
CO""(( TOR- TO 'I

CO •.••.•EC TOR-TO S.
CONHECIOR. TO P
CONHE~ TOR-TO SS

INTERNAl SPLICE
INTERNAL SPL ICE
I"'TERN'l SPLlCE
INTERNAL SPLICE'
(NTERNAl SPLICE

I"'TERN'L SPL ICE
I"'TERN'l SPLICE
INTERN'L SPL ICE
INT[RNAl SPLICE
INTERN'L Sl'L ICE
I"'TERN'L sPl ICE
I"'TERN'l SPLICE
INTERN'L SPl ICE
INIERN'L SPT.. ICE
CONNECTOR-TO MI8

CONNECTOR-TO M.O

CONNECTOR- ro FU£L SENSOR /'\C~ClOA-lO HI3 Of=t A«12 ~

COHNECTOR-TO ~I' '/'\COHNECTOR-TO MIS OR "'0 •• L!......)

CONNEC TOR- TO M '. OR •• e..... /'\CONNECTOR-IO M2' .~
CONNEClOI'-TO MI9
INIE ••••• L SPl ICE
J"'TERN'l SPT..JCE
INTERN'l SPT..ICE
I"'IERN'L S •••• ICE
I"'IERNAL SPL ICE
INTERNAL SPT..ICE

INTERN'L SPL tCE
INTERNAl SPL ICE

r"'TERN'L SPL ICE
I"'TERN'l SPL ICE

I"'TERNAl SPT.. ICE
INTERN'L SPL ICE
INIERN'L SPL ICE

I"'TERN'L SPLICE
I"'TERN'L SPLICE
INTER •.•• l SPLICE
I •.•TE ••••• L SPLICE

IkTERN'l SPL ICE
I"'TERNAL SPl ICE
INTERk'l SPLICE
INTER •.•• L sPLICE

INTE ••••• L SPLICE
CONNfCTOR-TO E8

NO.

J'
J2
J3J'
J;
J.
"
"2n
K..~
'E>

• Ie
K'"
L'
L2
L3
l'
L 5
L.
L7
l'O
Li"
L2'
L"
L50
L'<
MI

M.
M3
M<

MS
Me.

H9
MI?
Mil
MI2
MI3
MI4
MIS
M'.
~ 17

MI8
MI9
MZO
M21
M22
MZ3
M2'
MZS
MZ.
•••.•7
H.e
M29
M30
M3'
MJi?

M33
M3'
M3S
...

P
R
SI
S2
S3
S'
S5
se.
S7
S8
S9
S'O
S"
SI'
SI3
S "
S'S
s,e.
s' ,
SI e
519
S.O
S21
S22
S23
S2'
S2S
S.~
S.7
S28
11

LOCAT 101<5

07
07
07
0'
0'
09
09
09
08
08
08
0'
O'
O.
09
O'
08
08
o'
01
03
0'
07
08
08
03
08
08
03
O.
08
o'
oe
01
07
O.
03
07
08
01
01
01
03
o.
01
01
03
o.
o.
o.
oe
07
08
0'
03
03
0'
"

10
09
o.
o.
as
o.
os
o.
03
'0
10
10
10
, 0
II
10
10
09
09
O'
03
O'
O'
o'
O'
0<
02
o'
0<
o.
o.
o.
02
0<

NAME

CONNH'OR-FU~l PANEL '''HI-E I
(ONN(( TOR-rust Po\NEL (yELL('''')
CONNfCTOFt-FUSE PANEL rBAO",,")

CO"'NEC TOR,FUSE P ••.• (l 'GREEN'
CONN(CTOFl-FU~[ PAr.L_ IRED
CONNECTOR-TURN 'Syr)NAL swFC'"'
CONNECTOR-wINDSHIELD wiPER SwoI T(H
CO"'NEC'OR-L!G •.•T SwITCH

CONNECTOR-INSTRUME •.•T CLUSIER

CONNEC10A·JNSIRUP'1ENT CLUSTEFI
CONNEC lOR-INS TRUM[NT (lV'S TEA

COfltNfCTOR-EHfA6ENCT F"lASHER SwITCH
CO •••• ECTOR-.INDS •.•IElD .IPER MOTOR
CONNECTOR-YO MI
(ONNEC TOR~ TO 1"13

CONNr::C TOR- TO 61
CONNEC TOR-T 0 Xi

CONNECTOR-HE'TER S.I1CH
CONNEt TOR·H[ATEP MOTOR
CONNEC TOR-UNUSED
CONNECTOR-TO C I
CQHNEC TOR-U"'uSED
CONNECTOR-8R'KE LIGHT S.ITC'"
CONNEC10Fl-IGNI lION SWIlCH
CON"'EC TOR-IC;NIT I 0 •.• S. I TC'"
CONNECTOR-TO K3
CONNECTOR-wIPER DELAy R£LA'f
CON~EcrOFl-lO .II
CONNECTOR-TO K~

CON"'EC TOR-TO M.
CON"'EC TOR-TO '"
CONNEC10R-TO FS
CONNECTOR- TO '39

CON •.•£( TOR-u"'uSED
CON"'EC TOR-FUSE P ••.• EL
CON"'ECTOR-TO GE>
GROUND-" lREWAU.
SPL ICE -RADIO ""EHOR"
CO •.••.•EC TO"-UHuSED
(ONNEC TOR-lO L S~
CONNEC lOFl-BRAKE PAN SENSOR
(ONNEC TOR-BRAKE PAN SENSOR
INTERN'l SPLICE
I"'TERN'l SPLICE
SPLICE-TO 7 •••.• 0 73
SPlICE-lO 704 AND 75
GROUND-FIREwAll

I •.•TER •.•• L SPLICE
I"'TERNAl SPL ICE
INTERr"AL SPL ICE
INTERNAL SPLICE
INTERNAL SPL ICE
INTER •.•• l SPLlCE
INTERN'l SPL ICE
CO"' •.•(C TOR- 10 '.3

CON""EC TOR- TO ~ INOSHI ELo "ASHER PuP1P
COHHECTOR-TO '&9 ••.• 0 170
COHNECTOR-I"'J£CTION COMPuTER

CONNECTOR-B'ROMETRIC PRESSURE SENSOR
CQt; •.•ECTOR-TO J~
OI'GHOSTIC PlUG
CO"'NEC TOR-REl" -RPM
CONNECTOR-TO T2
DI'GNOSTIC PLUG
COHNEC TOR-TO T,
CONfroi£C1'(,)R~""R FLOW METER
CO •.••.•EC lOR-TO ••
CONNECTOR~lO J~
CQHNEC TOR-TO J3
CONNECTOR. TO JC

INTERN'L SPLlCE
I •.•TER •.•• L SPLlC~
INTERN'L SPLlCE
INTERN'l SPL ICE
I"'TERN'L SPLlCE

I"'TERN'L SPL ICE
INTER •.•• l SPLlCE
CONNEC TOR- TO G.

CONNEC TOR-AUTOM' T IC TR'NSMISSION COMPUTER
(ONNEC TOR-REL' T -NEUTR'L START
CC'lHCTOR-TO "0
COHNEC TOR- TO ., e

CONNECTOk-IO ." /'\CONNEC TOR-IO " OR 'J I L!......)
CONNEC ;OR-Al TER •.•• IOR
CQNNEC TOR- TO •.•
COHHEC TOR- TO '01

lERf'lINAL -AL TERNA TOR .POSI r I 'IE
.ATER TEMPERATURE SE"'SOR ILIGHTI
.ATER TFMPER'TURE SE"'SOR I GU'GE I
OIL PRESSURE SENSOR
CO"'H(CTOR-IO G'

W),

.,
'2
'3
••
'S
'7
.e
'9
"0
AI ,

Al2
Al3
AI.
AlS.,.
Al7

"9
'.0
'.1
.«'.3
'.E>'.7'.e
'.9
'31'3.
'3S
'3E>
'3e
'39
"0..,
•••
•••
'.1
'&'
•• e.
'&7
•• e
.e.9
AlO

Al,
'7.
•.73'7.
Al.."
'7e
079
'eo'e,'e.
'83
C,
C2
01
E I
E.
E3
E'
ES
EO
E7
Ee
E9
E' 0
E "
E'.
[12
E.O
E.'
E.2
E.3
E.'
E.S
E2&
• I
'3••
'S
., I
G'
c;.:
G~
G'
Ge.
G, 0
GI'

G'2
GI3
•..

"Jl...,

,'I

..1

8 - 66

07-28



1988 PRODUCTION

m

wIRE ASM

A ~IRE

C wIRE
DWIRE

E WIRE
F ~IRE

G ~IRE
M WIRE

J WIRE
K WIRE

L WIRE
H wlAE
N wIRE
P WIRE
R WIRE

SWIRE
T WIRE

U WIRE
W WIRE
x wIRE
y WIRE

Z WIRE
AA wIRE

AB WIRE
AC wIRE

AD WIRE
AE WIRE
AF WIRE

AG WIRE

AJ WIRE
AK WIRE

AL V1M:
AM VIRE
AN WIRE
AP WIRE
AR WIRE

HARNESS CODES

DE SCR IPT ION

ASI"l-Al;TO. FRONT
ASI"l.PUI'1P.V/S WASHER
ASH-BRAKE PAO WEAR
ASH- I NJEC TION .ELEC T

ASH-TRANS.AUTO --------------
ASH-ENGI~E
ASH-ovERFLOW BOTTLE L IGMT

ASH-INJECTION SYSTEM
ASH-EHISSION CONTROL
Ar.,M-COOL ING FANS
ASM-ExTERIOR LlGMTI"G
ASI1-PARk BAbE
ASM-SI'HFT lE~ER l.J~HT
ASf'I-s:'UEL TANk SENDER
ASH-BACKWALL
ASH- I NJEC T ION, ENGINE
ASt1-LOCl(, DOOA.CAB
ASH-CHIH£.
ASH-RAOIOICIG LIGHTER
ASH-DISTRIBUTOR IGNITION

ASH-SENSOR ,HAGNE TIC
ASH-GROUNO,IGNlTION HOL
ASH-PUMP, FNL DRI VE
ASH-LOCK, DOOR, COACM

ASH-FRONT RISER.LEFT --------
ASH-CONTROL CENTER ----------
ASH-LICENSE PLATE -----------
ASH-ROOF COVE.AIGH1 ---------

ASM-BACK-UP LIGHTS ----------
ASH-TRAILER LIGHTS ----------
ASH-OIL LEVEL
ASH-E VAPORATOR FAN
ASH-INJECTION
ASH-INTERIOR LlGMTING
ASH-OVERMEAO LlGMTS ----------

5
•. 5
5
3

<

I

<"

,.,
:!~~
~;;;:;
<:I:I
'--'

~!!
~~.::(!:)
e:t:

D.

)i

1I
I

\

i

WIRE COLOR CODES
CODE COLOR

BV BLACK

Ill.U" BLuE

_ BROWN

GR'<, . , .. GREEN

GRY. ,GRAY

0RIl. ' .•. ORANGE

"AR ..... "AROON

SAL ...•. SAL_

illNOTuSEDIIITH S-SPEEDTRANSMISSION.

@
NOTUSEDONSR220RS.

@
NOTUSEDONSR220DS.

fu
NOTUSEDONII/IR220RDAND wtIR220DD.

ill
SEEwIRING DIAGRAM-BODY F0R EACH MODEL

W

FOR
AOITIONAl WIRING.

NOT

uSED II/AUTOMATIC TRANSMISSION.

NOTES:

CODE COLOR

PNK" ,PI""
RED" REO

vLT. VIOLET

WHT. . ~Hl TE

TEL ..... TELLOW

BGE .. " ,BEIGE

~ ..... PuRPLE

D7-29
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I: e I-A I 0
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177Bu(C 61 I Ie I_A7?
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r32wMT/PEOlllol-AI'5

A22

A

A

LSS Ab8

o A70

~
200 0 I

"\

-j

'1

f I
U

104I)WMT ,'Ell I 10 I·A 15

26181tl:'I'ol.A't

A73
114 I I f I·A I

1
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B •• If-I
WMIIIO I

~ 72

blUoj I WI-I 1 I I l

WHTj 1& j
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193
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r~~4(JRNI I Ie' I-f I
,_~!b:'AL III~I-El

20RED31'21-A82

2'RED3' , 2 , - A8'

20RED31 121-' 93
22BLU31 121-"8 I

AB

L7<:l

A8<:l

i6VLTIII&'-ABI
18Bl..JC I j 1&1 •. "83

191

SaWI-lT2! 104I-L':I

60BLU21104I-LE:

27

3D

&"'8ll(ll rE:d4L3
&&8LKIII&I-L2
&88L.Klll&I-LI
708LK21 141·L 12
72BlK21 t 41I·L 10

~IIOI-L2''4

GI3

G I I
GI2

L"1"1

G3

___________ -J~--

56'f'EL'GRNZ11041-61

bOBLUIII&I-(j1

.BLl(lor&l~b"
R D7'81-uo

&BSAllllbl·U1

725A IGRNltlf)I.(j1

70SAL /VL T t I ibl-G I

[
1<

2"'HARI f 1&1-1(5

A

L

.A.

G

K

I'")
,-,

en

I',

41YLU21 t<4I-Gle

6ZBLk 11161 ••411

<48ltcillol- 74
50FtEO/GRNI."1 141J -L I

IZ£k,.U2. '41I-L 12
18f..u2II"J

L

L~J
L

20REDO Eo 28lU211.'-G'O

L -!...L!.!..:.L2 &8BlKIIIEd-l'"'S()Jt[O'GRt41 <41''4'''l3

L 'iZREDI GR"1 .".'-296REDZ! I4IJ-411

L2

&R[O~, I4Il-L I
I ORE02 I I ~ J -L 10

J

I
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A
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tJl=

A
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tJla,
tJ1 .c::eIW
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ua: ....•
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Za:
i~-?~

F

laSAL Ille 1-.9

ZI&yEL'WHTltI61-AZ
I 1-

57

KI8

A'10

2708lKI .<4, 1041-"'71
15 t1AA21104I-A20

153GRNI 4111\411I-A20

1<IIII9GRN/AEOI.~II<llllI-A20

'''ORNO _bl Ie I-F'

97

~

2&WHT/GRN3( 121-F'

&WH1/BLKJ 11bJ-F'3
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2",WHT31 121-F I
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Zl)WHl J GRN]1 12 I -F"
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I USE '011 5 - SPE ED
TRANSMISSION ONLYI

G2 /~~ ..

58Q
~eVLTI (IDI~F'3

~ IOBll(lllcl-FI
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E

t"ORN31121~&7
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A

G
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G

E
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SECTION "E"

COOLING SYSTEM

E-1 Special Tools
E-2 Theory of Operation
E-3 Anti-freeze Mixture Strength
E-4 Cooling Circuit - Checking for Leaks
E-S Checking Coolant Bottle Cap Calibration
E-6 Cooling System - Refilling and Bleeding
E-7 Oil in Cooling Circuit

See specific Engine Section for:

Radiator R & R - See Engine Remove and- Replace
Water Pump R & R
Belt Tightening Information
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SPECIAL TOOLS

J

Ms. 554-03

Cooling Circuit pressure tester

Order Tool No. 700000-55-403 EA

MI. 583
Hose clamp (maxi dia 50mm)

Order Tool No. 700000-58-300 EA

~r
• "i~l '-'-,..----' .:ro, 0-

I I =I' -
I {

I; -Ii-------~_..F·· _._-)

.•
\

)

li

Mot. 453-01

Hose clamp (maximum dia. 25 mm)
Order Tool No. 700000-45-301 EA

E-1



THEORY OF OPERATION

Thermostat
The thermostat has two operating conditions.

When the coolant is cold (1):

• the thermostat valve is closed and prevents the
flow of coolant from the engine to the radiator

• the thermostat bypass is open and allows coolant
to circulate within the engine.

When the coolant is hot (2):

• the thermostat valve is open and allows coolant to
flow from the engine to the radiator

• the thermostat bypass is closed

WARNING
Do not loosen the coolant bottle cap or remove the
cylinder block drainplugs with system hot and
pressurized because serious burns from coolant can
result.

RELAY SCHEMATIC

85 87a 87

+----~
86 30

I
. I

Common
Terminal

5-Pln Relay (Typical)

Normally
Open

Terminal

Relay
Coli

Terminals

Normally
Closed

Terminal

87

Electric Cooling Fan Operation
The electric fans are powered by a relay for each fan
and a thermo-switch mounted in the bottom right
(passenger) side ofthe radiator. When the coolant in
the radiator reaches the specified temperature, the
thermo-switch closes completing the circuit to the
relays, which in turn switches the 12-volt current to
each fan.

Relay Locations:
Black relay and diode box behind right headlight.

See Electrical and/or Air Conditioning Section for
specific wiring information.
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ANTI-FREEZE MIXTURE STRENGTH
CHECKING

• The coolant mixture must be changed every 2
years or after (30,000 miles) 48,270 km
(whichever comes first).

• A suitable anti-freeze or anti-freeze mixture
must be used in the cooling system that is
compatible with aluminum components.

• Do not use borax based anti-freez~.
• The use of Prestone II brand

anti-freeze/coolant meets the specification.
• In this cooling system, the coolant cirs:ulates

continually through the expansion bottle to aid
removal of air in suspension.

Testing
1. Run the engine until the coolant in the

expansion bottle reaches a temperature of
approxi mately 40°C (140°F).

2. Remove the expansion bottle cap and test
anti-freeze with an anti-freeze tester.

E-3



COOLING CIRCUIT
CHECKING FOR LEAKS

Install the cap from pressure tester Ms. 554-03 in
place of the coolant bottle cap.
• Connect pressure tester Ms. 554-03 to this cap.
• Open the heater valve.
• Run the engine to warm it up then switch off.
• Pump tester to pressurize the circuit. Stop

pumping when the gauge indicates 1.6 bar (23 psi)
(red zone limit) which is 0.4 bar (6 psi) over the
calibration of the valve.

• The pressure should remain steady; if it does not,
locate and repair the leak.

• Decompress the cooling circuit by gradually
unscrewing the union on the pressure tester. Then
remove the cap adapter and replace the expansion
bottle cap after checking its pressure release value
as described on the following page.

E-4
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COOLING CIRCUIT
CHECKING COOLANT BOTTLE

CAP CALIBRATION

IMPORTANT

The cap must be changed if coolant has passed
through it.

• Mount adaptor to pressure tester Ms. 554-03 and
mount the cap to the adaptor.

• Operate the pump and note the pressure on the
gauge. It should maintain the calibrated value.

• Calibrated value of cap:
- hold value 1.1 to 1.2 bar (16 to 17 1/2 psi)
- release pressure 1.2 bars (17 1/2 psi)

IMPORTANT

If the cap does not meet specifications it must be
replaced.

E-S
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COOLING SYSTEM

REFILLING • BLEEDING

• Prepare a SO/50 mixture of anti-freeze and
water prior to filling.

• Check that the hoses and the drain plug in the
cylinder block are tight.

• Open the bleed screw on the heater core.
• Open the heater valve.
• Unclip the expansion bottle and support it as

high as possible.
• Fill the cooling system through the expansion

bottle.
• Close the bleed screw as soon as coolant flows

out.
• The coolant level in the expansion bottle

should be about 25% full (cold).
• Place the cap on the expansion bottle.

WARNING
Be careful to keep hot coolant from contacting
the eyes or skin. Always wear protective
eyewear and clothing.

Bleeding
• Run the engine until the thermostat opens and

let it continue to run a few minutes.
• Open the bleed screw on the heater core. Close

it when coolant flows out without any trace of
air.

• Mount the expansion bottle.
• Recheck that the coolant level in the expansion

bottle is correct after the engine has cooled
down completely.

Coolant level in expansion bottle
Cold - 25% full
Hot - 50% full

Vehicles Equipped with Rear Automotive Heater
and/or Motoraid Water Heater
The air bleeding procedure is identical to the
previous directions, however extreme care must
be exercised to insure that all air has been purged
from the rear system. The rear heater valve must
be opened for at least 50% of the time during the
air bleeding procedure to insure that all lines are
bled. Elevating the front of the vehicle and
shutting off the dash heater will assist air
bleeding.

E-6

WARNING
The coolant level must be repeatedly checked
and filled as necessary after bleeding the system
to ensure that all air has been purged. Failure to
do this may cause overheating which could
result in serious engine damage.
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OIL IN COOLING CIRCUIT

The following must be carried out if oil is found
contaminating the cooling system:

Find the source of the oil leakage
Check for:
- Defective oil cooler (above oil filter) if

equipped.
Cracked cylinder block (See Engine Section)
Cracked or warped cylinder head (See Engine
Section)
Automatic transmission cooler leak (if the
contaminant is transmission fluid)

Cleaning An Oil Contaminated Cooling System
(After source of leakage is repaired)
This may be accomplished using a solution of
water and a grease emulsifying liquid
dishwashing detergent such as Dawn@. The
procedure for cleaning is as follows:

1. Drain and refill the system with clean water

(no antifr$eze) allowing space to add 8-12 oz.
of Dawn liquid dishwashing soap or an
equivalent grease emulsifying liquid dish
soap.

2. Run the engine for approximately 5 minutes
at operating temperature to thoroughly
circulate the solution.

3. Drain the system and allow the engine to
cool.

4. Refill the system with clean water only and
rinse by running the engine at operating

- temperature for 5 minutes. Then drain the
system.

S. Repeat steps 1-4 until all traces of oil are
eliminated.

6. Perform an additional rinse to ensure
removal of soap residue.

7. Fill system with a 50/50 mixture of water and
antifreeze/coolant.

8. Bleed air from the system and recheck level
(Refer to "Bleeding" - pg. E-6).

E-7
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SECTION "F"

AUTOMA TIC TRANSAXLE

Subsection 1 • General Information

F1-1 Special Tools
F1-5 Specifications
F1-8 Exchange Units
F1-9 Anaerobic Sealer
F1-10 Exploded Views and Tightening Torques
F1-13 Principies of Operation
F1-19 Component Descriptions

Subsection 2 • Diagnostic
F2-1 Procedure
F2-3 Fault - Correction Chart
F2-15 XR25 Tester
F2-26 Checking the Connections
F2-33 Accelerator Cable Kick-Down Switch
F2-34 Transmission Fluid Pressure
F2-35 Vacuum Capsule

Subsection 3 • Components
F3-1 Transmission Fluid Filter
F3-2 Computer, Remove and Replace
F3-5 Multi-Purpose Switch, Replace
F3-7 Speed Sensor, Replacement
F3·8 Hydraulic Control Unit (Valve Body)
F3-12 Solenoid Pilot Valves, Remove and Replace
F3-13 Torque Converter
F3-16 Torque Converter Seal

Subsection 4 • Transaxle Remove and Reinstall

F4-1 Procedure
F4-4 Final Drive Cooler - Reprime

Subsection 5 • Transmission Rebuild

F5-1 Exploded Views
F5-4 Disassembly
F5-9 Clean and Inspect
F5-14 Reassembly

Subsection 6 • Coupling Transmission To Final Drive

F6-1 Adjusting the End Float
F6-4 Final Reassembly Procedure

Subsection 7 • Final Drive Rebuild

F7-1 General Information
F7-4 Disassembly
F7-10 Clean and Inspect
F7-11 Reassembly

Subsection 8 • External Seal Replacement
F8-1 Differential Seal
F8-3 Speedometer Shaft Seal
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GENERAL INFORMATION
SPECIAL TOOLS

B.VI.48
Set of two jaws with large tips

for extracting differential bearings
(Use with tool B.Vi. 28-01.)

Order Tool No. 700013-30-300 Set

B.VI. 31-01
Set of 3 drifts for fitting 5 mm dia. roll pins.

Order Tool No. 700012-59-401 EA

B.Vt 465
Converter seal replacing tool.

Converter holding lug
Order Tool No. 700000-46-500 EA

B.VI. 466-04
Oil pressure gauge

Order Tool No. 700000-46-604 EA

B.VI.645
Castellated wrench for adjusting differential play

Order Tool No. 700000-64-500 EA

F ,-,

B.VI.715
Tool from kit B.vi. 710

Order Tool No. 700000-71-000 EA



GENERAL INFORMATION

SPECIAL TOOLS

~\

i

EA

B.VI.902-01
Circlip fitting tool

Order Tool No. 700000-90-201EA

B.VI.805
Differential nut wrench

Order Tool No. 700000-80-500

B.VI.903
Ring spanner for final drive pinion nut

Order Tool No. 700000-90-300 EA

B.VI.905-02
Speedometer drive shaft seal replacing tool (kit)

Order Tool No. 700000-90-502 EA

B.VI.906
Torque-measuring device

Order Tool No. 700000-90-600 EA

B.VI945
Sun wheel seal installation tool

Order Tool No. 700000-94-500 EA

F1-2



GENERAL INFORMATION

SPECIAL TOOLS

B.VI.947
Tool for installing bearings in separator housing

Order Tool No. 700000-94-700 EA

B.VI.952
Feed hub centering tools and tool for removing F2

piston
Order Tool No. 700000-95-200 EA

,
!

)

B.VI.959
Tool for attaching circlip to output shaft

Order Tool No. 700000-95-900 EA

. B.VI. 962
Tool for installing converter seal

Order Tool No. 700000-96-200

I c=J
DOO[!'J

• -roll,'-!oo (HH3
-0(Ftt 0I "'0

§
DEHil0- .fl..JL"'·"0(1)080 • dlil9 UJ:::l=

GO

EA

Rou.1S-Q1

Shaft-protecting tool with 16 mm bore
Order Tool No. 700013-31-601 EA

M.S. 1019
XR25 box for testing microprocessor systems
Order Tool No. 700000-00-846 EA
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GENERAL INFORMATION
SPECIFICATIONS

The type, suffix and fabrication number are stamped
on a plate secured by a casing bolt. (See right)
Always refer to this num ber when orderi ng
replacement parts.

The identification plate indicates:
A - type of automatic transmission
B - type suffix
C - fabrication number
D - manufacturing factory

F1-4
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GENERAL INFORMATION

SPECIFICATIONS

TRANSMISSION FLUID

Mobil ATF 220 (Dexron® II type) or equivalent.

Approximate Capacities:

If converter is empty
Fluid change

FINAL DRIVE OIL:

API-GL5 SAE SOW-gO

5 Iitres
2.5 litres

I
,I

Capacity 1.1 litre (1.16 qt.)*
*Does not include capacity of final drive cooler
system.

OIL CHANGE INTERVALS:

See Section "A" General for specific intervals and
servicing procedures.

TRANSMISSION FLUID CHANGE PROCEDURE

Draining

Fluid should be drained while hot.

Procedure:
- take out the dipstick
- unscrew the drain plug
- allow the fluid to drain for as long as possible.
- refit the plug, using a new seal.

Refilling

The transmission is refilled through the dipstick
tube.

Usea funnel equipped with a strainer to avoid dirt
entering the reservoir.,

After draining out the old fluid refill using Mobil
ATF 220 (Dexron® II Type) or equivalent.

Checking the Fluid Level after Refill

Park the vehicle on a level surface.

Place the selector lever in the "Park" (P) position.

Start the engine and wait for one or two minutes
to allow the torque converter and cooler to fill
with fluid.

Move the shifter through the entire shift selection
range.

CAUTION

Be careful to keep service brake and parking brake
applied throughout shift selection range.

F1-5



GENERAL INFORMATION
SPECIFICATIONS

Check Fluid Level at Operating Temperature

Never allow the fluid level to be above the
"Maximum" mark or below the "Minimum" mark.
This could cause damage to the clutch/brake
assembly due to overheating or leakage.

F1-6
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GENERAL INFORMATION
SPECIFICATIONS

Standard service exchange units are available in two forms.

Complete Automatic Transmission• Clutch/Brake Assembly Only•
Whenever replacing a unit following damage to a clutch or brake, where the fluid is black or full of
suspended particles, the torque converter must also be replaced since it acts as a centrifugal fluid filter .

,,

I
t

J

•
Check the fluid pressure and adjust it
if necessary. (See page F2-34.)

F1-7

•
Clean out the differential casing.
Check and adjust the end play.
Check and adjust the fluid pressure (See
page F2-34).



GENERAL INFORMATION
SPECIFICATIONS

Anaerobic Sealant
Assembly of gearbox and transmission cases may
require use of a special type of silicone sealant
known as anaerobic sealer. This compound is used as
a gasket material in specified applications.

In each application which specifies anaerobic sealant,
we recommend using Loetite® "518" or "515" or
NAPAlBalkamp® Part No. 765-1189 or an equivalent
anaerobic sealant.

CAUTION
Do not substitute anaerobic sealant with RTV
silicone sealant or other adhesive gasket materials.
These do not possessthe characteristics required to
produce a durable seal.

Improper sealing could allow fluid leakage,
resulting in serious mechanical damage.

F1-8
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GENERAL INFORMATION

SECTIONAL VIEWS AND TIGHTENING TORQUES
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Gear section to separator casing bolts 2.5 daNm (18 Ib.lft.)
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GENERAL INFORMATION

SECTIONAL VIEWS AND TIGHTENING TORQUES
'" The converter case bolts (B) must be coated with silicone sealant before reassembly (See pg. F7-21).

3.0 daNm (22 Ib.lft.)

F1-10

2.5 daNm (17 Ib.lft.) 5.0 daNm (37 Ib.lft.)
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GENERAL INFORMATION

SECTIONAL VIEWS AND TIGHTENING TORQUES

TIGHTENING TORQUES

Sump mounting bolts 0.60 daNm
(4.5 Ib.lft.)

Hydraulic control unit mounting bolts (seetightening
order, page F3-9) 0.9 daNm

(6.5 Ib.lft.)

Fluid pump hub mounting bolts............. 1.5 daNm
(11Ib.lft.)

0.6 daNm
(4.5 Ib.lft.)

0.6 daNm \. (~.5daNm(4.5 ft. lb•.) \. \1 ft. lb•.)

0.9 daNm

(6.5 ft. Ibs.)
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GENERAL INFORMATION
PRINCIPLES OF OPERATION

The automatic transmission consists of 3 main sections.

1. TORQUE CONVERTER

This ensures a FLEXIBLE and AUTOMATIC
connection between the ENGINE and the
CLUTCH/BRAKEASSEMBLY: it is an AUTOMATIC
CLUTCH.

In addition, it multiplies the torque delivered by
the engine when the vehicle starts.

2. CLUTCH/BRAKE ASSEMBLY

This provides one reverse gear and 3 forward gears
by way of two EPICYCLICGEAR TRAINS. Gear
changes are AUTOMATIC and WITHOUT
INTERRUPTIONin torque transfer. Three types of
unit control the epicyclic gear trains to obtain
these results:

- the MECHANICAL units,
- the HYDRAULIC units,
- the ELECTRICALand ELECTRONICunits

, ]

3. FINAL DRIVE SECTION

Its purpose and component parts are similar to
those in a mechanical gearbox-final drive
assembly. However, it also includes a change in
the line of drive which is achieved by means of a
pair of external gears known as STEP-DOWN
gears. These step-down gears playa part in the
overall drive reduction.

F1-12
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GENERAL INFORMATION
PRINCIPLES OF OPERATION

The torque converter is a hydraulic clutch system which provides a flexible, automatic link between the
engine and the automatic transmission mechanism. Its method of operation can be divided into 2 stages.

WHEN STARTING

It multiplies the engine
torque. THIS IS THE

CONVERTER FUNCTION

AT HIGH SPEED

It transmits the engine
torque. THIS IS THE

COUPLING FUNCTION

The CONVERTER body contains 3 wheels with vanes.

THE CONVERTER = THE TURBINE + THE STATOR + THE IMPELLOR

'--,.....------...y

Crankshaft

Turbine

Stator

Impeller

Free Wheel

Turbine
Shaft

Body

- The converter BODY consists of 2 half-shells

welded together. It is coupled to the engine
CRANKSHAFT by the DRIVE PLATE. In operation it
is full of fluid.

- The IMPELLOR is integral with the converter body
and hence with the engine.

- The TURBINE is linked with the CLUTCH/BRAKE

UNIT of the automatic transmission by the
TURBINE SHAFT.

• The STATOR is located between the impeller and
the turbine.

- The STATOR rests on the free wheel.

F1-13



GENERAL INFORMATION
PRINCIPLES OF OPERATION

THE EPICYCLICGEAR TRAINS

1 • DEFINITION
This is a set of internal and external helically cut
gears. They can provide different reduction ratios
depending on the manner in which they are
activated. The gears are always in mesh.

2 • DESCRIPTION
A "SINGLE" EPICYCLICGEAR TRAIN contains:
- a SUNWHEEL P with external teeth
- a number of planet wheels S
- a planet wheel carrier PS
- a ring C, with internal teeth.

This type of gear train can provide a number of ratios. Only TWO of the gear components need to be used to
obtain each reduction.

c

PS

P

S

I

The Mechanical Control Units
To activate TWO units in the EPICYCLICGEARTRAIN,
multi-disc oil bath type hydraulic receivers are used.
- The movement input component is driven by a

Clutch "E1" or "E2"
- The reactive component is locked by a Brake "F1"

. or "F2."

They are controlled by the HYDRAUL1C CONTROL
UNITS.

F1-14
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GENERAL INFORMATION
PRINCIPLES OF OPERATION

THE HYDRAULIC CONTROL UNITS

- The Fluid Pump lubricates and feeds the converter and ensures operation of brakes and clutches (line
pressure)

- The Hydraulic Distributor (valve body) supplies the components in question depending on the engine
conditions (load, speed) by means of valves whose positions are controlled hydraulically by solenoid
valves known as solenoid pilot valves.

FLUID PUMP

MANUALLY OPERATED
VALVE

VACUUM CAPSULE

~

HYDRAULIC
CONTROL

UNIT

(VALVE BODY)

SOLENOID PILOT
VALVES

F2

CLUTCHES

THE ELECTRICAL CONTROL UNITS

Their purpose is to decide when to change gear and to control the gear change.

To do this, they trigger the activation of the solenoid pilot valves and thus control the hydraulic distributor
valve movements which result in the changes in speed.

F1-15
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GENERAL INFORMATION
PRINCIPLES OF OPERATION

Lever
Position RL E1 E2 F1 F2 EL1 EL2

N

R

p

2

1

3

1st gear
"Hold"

2nd gear
"Hold"

o

)

\I

lSJ = COMPONENTS OPERATING

RL = Free Wheel
E1 = Clutch 1
E2 = Clutch 2
F1 = Brake 1
F2 = Brake 2
EL 1 = Solenoid pilot valve 1
EL2 = Solenoid pilot valve 2
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GENERAL INFORMATION
COMPONENT DESCRIPTIONS

I
i

7
1 - 10 amp backup light fuse
2 - 2 amp feed fuse
3 - ignition switch
4 - starter relay
5 - back-up lights
6 - starter
7 - instrument panel (warning light)
8 - automatic transmission ground on computer

connector (BE) or on multi-purpose switch
connected to automatic transmission

F1-18

P - Potentiometer
CM - Multipurpose switch
EL - Solenoid pilot valves
RC - Kickdown switch
CV - Speed sensor
22 - Vacuum capsule
BE - Computer
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GENERAL INFORMATION
COMPONENT DESCRIPTIONS

The automatic transmission selects through the three
forward drive ratios, without disconnecting the
drive.

It consists of three main units:

- the torque converter,
• the differential section,
- the clutch/brake unit.

The Torque Converter

provides a flexible drive from the engine through
to the mechanical section

- acts as an automatic clutch,
- increases the torque output during the starting

phase.

1
\

The Differential

This carries the drive from the transmission
mechanism through to the wheels.

It consists of:
- the output train that lowers the drive centerline.
- the ring gear and pinion set that drives the

differential.

The Clutch/Brake Unit

This provides three reduction ratios in forward drive
and one in reverse.

It contains:
• planetary gear train
• the units that control this train which can be

separated into three categories:
- mechanical units

hydraulic units
• electrical units.

Planetary Gear Train

This is a set of helical cut gears that provide the
various ratios (3 forward ratios and 1 reverse ratio)
depending on the way in which the control units
(E1 - E2 • F1 • F2) are selected.
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GENERAL INFORMATION
COMPONENT DESCRIPTIONS
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Firewall

Harness
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A'I' ~.~. UXI lary ~ .9 Cruise
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Switch Harness!
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Throttle
Cable

Assembly

/

Vehicle
Kick-Down

Switch
(RC)

PILOT SOLENOID VALVES (EL)

These are ball type solenoid valves that are controlled by the
computer. They are mounted to the hydraulic valve body. Their
function is to seal off or allow by-pass of high pressure fluid,
which controls movement of the spool valves, resulting in gear
changes.

MULTI-PURPOSE SWITCH (CM)
This switch is mounted on the rear of the transmission. It is

operated by a cam (with a series of lobes) actuated by the shift
selector cable. The cam lobes open and close the pins on the
switch in various combinations to tell the computer which gear
position has been selected.
The multi-purpose switch controls:

the starter circuit (current is supplied only while in N or P)
- back-up light circuit (position R)
- solenoid valves (EL 1 & EL 2)

LOAD POTENTIOMETER (P)
This is a variable resistor mounted to the rear of the throttle

body assembly. It monitors the position of the throttle plate
(butterfly) to feed engine load information to the computer. The
computer uses this input along with input from the speed sensor
to determine shift thresholds. (See Speed Sensor below).

There is also a kick-down switch incorporated into the cruise
control system. This switch is located at the throttle cable
assembly on the valve cover. If either of these switches are
malfunctioning or misadjusted, it will affect down-shift
operation.

KICK-DOWN SWITCH (RC)

This switch is integrated into the accelerator cable and is
non-adjustable and non-serviceable. The switch is closed at full
throttle position of the accelerator pedal travel, signalling the
computer to down-shift.

SPEED SENSOR (CV)

This is mounted to the side of the transmission directly over the
park wheel. The rotation of the teeth on the park wheel
interrupts the magnetic field generated by the sensor. This sends
a signal indicating transmission RPM to the computer. This input
is combined with that of the load potentiometer to determine
shift thresholds. (See Load Potentiometer above.)

COMPUTER MODULE/RENIX~ BOX (BE)

The computer module is mounted to the driver side firewall. It
receives input from:
- the kick-down switch

- the multi-purpose switch
- the load potentiometer
- the speed sensor
The computer then interprets these signals and sends a control
signal to the pilot solenoid valves to initiate gear changes.
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GENERAL INFORMATION
COMPONENT DESCRIPTIONS

THE FLUID PUMP

The fluid pump is an internal gear type, driven
directly by the engine through the torque converter
flange plate. It provides the pressurized fluid
required:

- to feed the converter,
- to lubricate the gears,
- to control the brakes and clutches.

VACUUM CAPSULE (22)
The vacuum capsule is located on the side of the
transmission case. Its function is to regulate
transmission fluid pressure according to engine
load, which is indicated by engine manifold
vacuum.

HYDRAULIC CONTROL UNIT OR VALVE BODY (23)
The valve body is an integral part of the
transmission assembly and is located between the
main case and the fluid pan. The valve body
distributes hydraulic fluid to the proper clutches
and brakes to provide gear selection according to
the positions of the pilot valves.

FREE WHEEL

The free wheel permits torque to be transferred to
the drive wheels while under engine load but
allows a free-wheel or "coasting" effect under
no-load conditions. The exception is that, in 1st
gear, the free wheel locks to provide engine
braking during deceleration.

CLUTCHES (E1 & E2) and BRAKES (F1 & F2)
The clutches and brakes are multi-disc, oil-bath
type. The different gears are determined by
application of clutches and brakes in various
combinations according to fluid distribution from
the valve body.

F1-21
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GENERAL INFORMATION
COMPONENT DESCRIPTIONS

1.3 daNm .../

(9.5 Ib./ft.)

HYDRAULIC CONTROL UNIT (VALVE BODY)

1 - PLV ball

2 - PLV spring (medium size)
3 - Pressure limiting valve (PLV)
4 - PLV seal

5 - SV spring (small)
6 - Sequence valve (SV)
7 - Sequence valve (SV)
8 - NO.1 selector valve (SV1)
9 - Plungers

10 - NO.2 selector valve (SV2)
11 - Pressure regulating valve (PRV)
12 - PRV spring (large)
13 - Cover plate
14 - Manually selected valve (MV)

The plungers (9) are identical on valves 8 & 10. The
PRV plunger is different - 5.5 mm in diameter.

Valves (3-7-8-10) are symmetrical.

Valve (6) is not symmetrical.

F1-22
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DIAGNOSTIC

PROCEDURE

What to do when you receive a defective automatic
transmission.

Customer

Repair Order:Check fluid level

Reception

--ROAD TEST and appearance

Road test to

Correctreproduce

-Attach pressure gauge- and test box
-

complaint
-

Incorrect

r-I"'-'"

-
Repair order

Diagnosis
-..

change

Repair manual,
diagnostic section,

--..

Diagnosis
uncertain

-

-

REPAIR

Find cause of problem. Clean transmission.
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DIAGNOSTIC

PROCEDURE

What to do when you receive a defective automatic
transmission.

1. Reception of vehicle - ask customer about
complaint noted.

2. Prepare the repair order but do not enter work
to be performed; only the vehicle road test.

3. Prepare the vehicle for a road test and check
the level and condition of the transmission
fluid:
- if the fluid level is OK and fluid does not look

dark or smell burned, proceed to step 5.
- if fluid level is OK but looks dark or smells

burned, proceed to step 4.
- if fluid level is low but fluid looks and smells

OK, fill fluid and proceed to step 5.
- if fluid level is low and fluid looks dark and

smells burned, proceed to step 4.
4. If the fluid appears dark or smells burned, the

problem is mechanical. Connect the XR25tester
and attach oil pressure gauge B.Vi 466-07 then
proceed to road test, step 5.

5. Test the vehicle on the road until the complaint
recurs. At the end of the road test, the person
performing the test must prepare a precise
diagnosis of the failure using the necessary
documents (repair manual, diagnostic section)
and according to the information supplied by
the various testing means and observations
noted.

6. Depending on the diagnosis made, complete
the repair order indicating the vehicle
component causing the problem. Never begin
repairs if the diagnostic sequence has not been
performed.

7. Perform the necessary repairs.
8. After repairing the vehicle, perform a road test

to make sure that all complaints have been
corrected.

REMEMBER: The transmission warning light comes
on only if there is an electrical problem or there is
interference in the engine compartment (faulty
connections or high voltage leaks).

CAUTION
All electronic systems operate at very low voltages
and current intensities (millivolts and milli-amps).
The supply voltages and grounds must be absolutely
accurate. A voltmeter/ohmmeter must be used to
check:
- the grounds •
- the power supply +
- the connectors
Test bulbs should never be used for checking system~
containing electronic components.
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DIAGNOSTICS
FAULT - CORRECTION CHART

I

Engine stalls, uneven idling and grabs on
changing speeds F2-4

Grabs on starting F2-4

Jerks when changing from 2nd speed to
3rd with Iight throttle F2-4

Grabs when changing gear F2-5

Creep in "N" F2-5

Excessivecreep in "0" F2-5

Slip when starting in "0-2-1-R" F2-6

Slip when starting in "0" or "2nd" (more
sensitive when changing from 3rd speed to
1st at full throttle F2-6

SliP when cold F2-6

Continually or intermittently difficult to
start moving and normal operation above 13 to
18 mph (20 to 30 km/h) (also noticeable
on slopes) F2-6

Slip when changing speeds F2-7

Speed-changing thresholds incorrect but
warning light does not come on F2-7

Fixed speed-changing thresholds incorrect
but warning light does not come on F2-8

Fixed speed-changing thresholds with or
without warning light coming on
(depending on vehicle) F2-8

No drive regardless of gear selection F2-8

No forward drive F2-9

No reverse drive and no engine braking in
1st gear "Hold" F2-9

No drive in 1st automatic but drive in 1st
gear "Hold" F2-9

No drive in 2nd speed but warning light does
not come on F2-10

No 3rd speed F2-10

No 3rd gear or reverse F2-10

No 1st gear "Hold" or 2nd gear "Hold" F2-11

No 3rd speed in "0" but normal operation
for changing from 1st to 2nd with warning
Iight on F2·1 1

Stays in 1st with warning light on F2-11

Stays in 3rd with warning light on F2-11

Stays in 3rd or gears changing at random
without warning light coming on F2-12

No park function in "p" F2-12

Starter not working in "N" or "p" F2-12

Starter operates in all lever positions F2-13

Back-up lights do not work in "R" F2-13

Noise from hydraulic control unit in "p"
or "N" when cold F2-13

Rumbling noise between 37.5 and 50 mph
(69 and 80 km/h) F2-14
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DIAGNOSTICS
FAULT • CORRECTION CHART

ENGINE STALLS, UNEVEN IDLING AND GRABS
WHEN CHANGING GEAR

FAULT - PROBABLECAUSE

1. Engine not tuned proper

CHECKS- CORRECTIVEACTION

Tune the engi ne

2. Vacuum capsule hose punctured, cut or Check the condition and routing of the hose and of
disconnected. the connection of the inlet manifold.

.

3. Punctured vacuum capsule

FAULT - PROBABLECAUSE

Check the capsule (see subsection on "Vacuum
capsule")

GRABSON START

CHECKS- CORRECTIVEACTION

1. Lack of fluid in c1utch!brake section

2. Improperly adjusted engine idling speed.

Check the fluid level and fill if necessary. Check to
see if fluid is leaking.

Adjust the engine idling speed.
)

J

Jerk when changing from 2nd-3rd with light
throttle.

FAULT - PROBABLECAUSE

1. Light throttle fluid pressure incorrect

2. Defective hydraulic distributor plate

CHECKS- CORRECTIVEACTION

Check fluid pressure at light throttle when hot :
vehicle traveling at 37 mph (60 km!h), foot off
accelerator, fluid pressure must be 3.5 - 3.6 bars.
Otherwise change hydraulic distributor, its plate
and seals (see "Hydraulic Control Unit" subsection).

Change plate and its seals.
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DIAGNOSTICS
FAULT . CORRECTION CHART

GRABS WHEN CHANGING GEAR

FAULT - PROBABLE CAUSE

1. Engine not tuned properly.

2. Lack of fluid in gear section

CHECKS - CORRECTIVE ACTION

Tune the engine

Check the fl uid level. Check for leaks.

3. Vacuum capsule hose kinked or capsule Check condition and routing of hose and capsule
damaged

, I
i 'I

(

4. Incorrect fluid pressure

5. Incorrect assembly or operation of hydraulic
control unit.

Check fluid pressure and adjust (F2-34)

Check that the hydraulic control unit is tightened
properly

- Check position and condition of its seal
- Check hydraulic distributor (see "Hydraulic

Control Unit" Subsection)

\

1

CREEP IN "N"

FAU LT - PROBABLE CAUSE CHECKS - CORRECTIVE ACTION

1. Fluid appearance - Check appearance of the fluid (if it is dirty and
smells burnt, see point 3)

2. Adjustment of gear selector lever incorrect. - Adjust selector lever

3. E1-E2 clutch damaged Change damaged components

Excessive cree pin "0"

_____ F_A_U_L_T_-_P_R_O_B_A_B_LE_CA_U_SE I CHECKS - CORRECTIVE ACTION
1. Engine idling speed not adjusted. Adjust engine idling speed.

2. Damaged converter (metallic noise) Change the converter
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DIAGNOSTICS
FAULT - CORRECTION CHART

Slippage while starting off in "0-2-1-R"

FAULT - PROBABLECAUSE

1. Level and appearance of fluid

2. Clogged filter screen.

3. Damaged vacuum capsule or trapped pipe

4. Incorrect fluid pressure

6. Stuck or damaged feed hub rings

CHECKS- CORRECTIVEACTION

Check fluid level and appearance

Clean or replace filter screen as necessary

Check the capsule and pipe routing.

• Check that the hydraulic control unit is properly
tightened

- Check the condition and position of its seals
- Check the hydraulic control unit (see "Hydraulic

Control Unit" Subsection)

Check the feed hub rings of E1 - E2 (condition and
free rotation)

, ,

..'\

J
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Slippage while starting off in "0" and "2" (More
sensitive when passing from 3rd to 1st at full
throttle)

1

FAULT - PROBABLECAUSE CHECKS- CORRECTIVEACTION

1. Automatic transmission freewheel not Change the freewheel
engaging.

Slippage while starting off when cold.

FAULT - PROBABLECAUSE

1. Fluid level

CHECKS- CORRECTIVEACTION

Check the fluid level and fill if necessary

Continually or intermittently difficult to start
moving but operates normally above 15 mph to
20 mph (20 to 30 km/h) (Also noticeable on
slopes)

FAULT· PROBABLECAUSE

1. Faulty converter

CHECKS- CORRECTIVEACTION

- Change the converter (be sure the stator shaft is
installed correctly)
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DIAGNOSTICS

FAULT • CORRECTION CHART

Slippage during gear changing

FAULT - PROBABLECAUSE CHECKS- CORRECTIVEACTION

1. Lack of fluid in gear section

Fill if necessary, and check the appearance of the
fluid (if it is dirty and smells burnt, see point 6).Check to see whether oil is leaking.

2. Incorrect fluid pressure

Check the fluid pressure

3. Damaged vacuum capsule or trapped

pipeCheck the capsule and piperouting

4. Incorrect

fittingoroperationofhydraulic-Check that the hydraulic control unit properly
control unit.

tightened
-

Check the condition and position of its seals
-

Check the hydraulic control unit (sequence valve)

(See subsection "Hydraulic Control Unit)
5. Stuck or damaged feed hub rings

Check the feed hub rings of E1 - E2 (freely rotati ng
and their condition)

6. Worn or burnt out brakes and clutches

Change the damaged components

7. Cut seals on F2

Check seals and F2 brake and change as necessary

Threshold values for gear changing incorrect and
warning light not illuminating

FAULT - PROBABLECAUSE CHECKS- CORRECTIVEACTION

3. Load potentiometer

1. Kick-down wire or kick down devices defective Check the routing and condition of the kick-down
wire and the kick-down devices

2. Clogged air filter (at full throttle the engine Change the air filter
remains at an idling speed which does not
allow you to change to higher gear)

Incorrect adjustment of the potentiometer: driving
lug not engaging, is broken or seized.

4. Incorrect operation of hydraulic control unit - Check that the hydraulic control unit is tightened
(passage valve rings) properly

- Check the hydraulic control unit (passage valve)

(See subsection "Hydraulic Control Unit" and
solenoid pilot valves)
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DIAGNOSTICS
FAULT • CORRECTION CHART

Fixed gear changing speeds with or without
warning light illuminating

FAULT - PROBABLECAUSE CHECKS· CORRECTIVEACTION

1. Load potentiometer not adjusted properly, Using tool XR25 check and adjust the load
disconnected or defective. potentiometer. Check the connection.

No drive regardless of gear selected.

FAULT - PROBABLECAUSE CHECKS- CORRECTIVEACTION

1. Level and appearance of fluid

Check the fluid level and fill if necessary.
Check the appearance of the fluid (if it is dirty andsmells burnt, see point 8)

2. Selector lever and cable

Check the selector control adjustment.
Check the displacement of the manual

controlled
spool valve

3. Clogged filter screen

Clean or replace filter screen as needed.

4. Damaged fluid pump or shaft

-Withdraw the dipstick with engine stopped
-

Withdraw the dipstick with engine running. If the

fluid level does not alter, the pump shaft is nolonger driving the pump. Change the damagedcomponents depending on the extent of the
- damage

5. Incorrect fluid

pressure Check the fl uid pressure

6. Broken drive plate or screws (metallic

noise)Change the drive plate (check that the centering
dowels are

present andthe condition of the
converter centeri ng device and the crankshaft.)

7. Incorrect

fittingoroperationofhydraulic-Check that the hydraulic control unit is tightened

control unit
properly

-
Check the condition and position of its seals

-
Check the hydraulic control unit (see Hydraulic

Control Unit subsection)
8. Burnt-out mechanism or broken bearing

Change thedamagedpartsdependingonthe

extend of damage
9. Defective impeller shaft

Change the impeller shaft

10. Damaged converter

Change the converter
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DIAGNOSTICS
FAULT - CORRECTION CHART

No forward drive

FAULT - PROBABLECAUSE CHECKS- CORRECTIVEACTION

3. Stuck or damaged feed hub rings

1. Check the appearance of the fluid

2. Defective E1 clutch or E1 piston seal

If it is dirty and smells burnt, see point 2

Change E1-E2 assembly (see point 3)

Check the feed hub rings of E1-E2 (condition and
free rotation)

4. Incorrect fitting or operation hydraulic control - Check that the hydraulic control unit is tightened
unit properly

- Check the condition and position of its seals
- Check the hydraulic control unit (See subsection

"Hydraulic Control Unit")

No reverse and no engine braking in 1st gear
"Hold"

FAULT - PROBABLECAUSE

1. Appearance of fluid

~. F1 piston seals

4. Worn F1 brake

CHECKS- CORRECTIVEACTION

If it is dirty or smells burnt, see point 4

Check the condition of the eirclip grooves, change
the eire/ips.

Check and change the piston seals

Check F1 brake

No drive in 1st Automatic but drive in 1st gear
"Hold"

FAULT - PROBABLECAUSE

1. Freewheel

CHECKS- CORRECTIVEACTION

Change freewheel

F2-9



DIAGNOSTICS
FAULT - CORRECTION CHART

No drive in 2nd speed and warning light does not
illuminate

FAULT - PROBABLECAUSE

1. Appearance of fluid.

2. EL1 solenoid valve (stuck ball)

3. F2 piston seals

4. VVorn F2 brake

FAULT - PROBABLECAUSE

1. Faulty multipurpose switch

2. Solenoid valve (ball stuck)

3. Defective computer

FAULT - PROBABLECAUSE

CHECKS- CORRECTIVEACTION

If dirty and smells burnt, see point 4

Check the correct displacement of the ball and that
the EL1 solenoid valve is clean

Check and change the F2 piston seals

Change the F2 brake

No 3rd

CHECKS- CORRECTIVEACTION

Use XR25 tester to check that the multipurpose
switch is operating

Check that the balls are moving correctly and that
the solenoid valve is clean

Change the computer

No 3rd and no reverse

CHECKS- CORRECTIVEACTION

\
I

1

J

1. Appearance of fluid

3. Stuck or damaged feed hub rings

2. Defective E2 piston or E2 clutch seals

If dirty and smells burnt, see point 2

Change the E1 - E2 assembly (see points 3 and 4)

Check the feed hub rings of E1 - E2 (their condition
and free rotation)

4. Incorrect fitting or operation of hydraulic - Check that the hydraulic control unit tightened
control unit properly

- Check the condition and position of its seals
- Check the hydraulic control unit (sequence valve)

(See "Hydraulic Control Unit")
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DIAGNOSTICS

FAULT - CORRECTION CHART

No 1st gear "Hold" or 2nd gear "Hold"

FAULT - PROBABLE CAUSE

1. Control adjustment

2. Defective multipurpose switch

CHECKS - CORRECTIVE ACTION

- Check selector control adjustment

- Use XR25 tester to check that the multipurpose
switch is operati ng correctly

No 3rd in "0" but operates normally when
changing from 1st to 2nd, and warning light
illuminates (remove the fuse and the vehicle
should stay in 3rd)

FAULT - PROBABLE CAUSE

1. Ground connection in computer melted

CHECKS - CORRECTIVE ACTION

Change computer

Remains in 1st with warning light illuminated

FAULT - PROBABLE CAUSE

1. Speed sensor

2. Defective solenoid valve(s)

CHECKS - CORRECTIVE ACTION

After a road test, if the light stays illuminated,
connect XR25 tester. Change the speed sensor if
faulty.

Stays in 3rd with light illuminated

FAULT - PROBABLE CAUSE CHECKS - CORRECTIVE ACTION

2. Faulty solenoid pilot valves

1. " +" feed to computer faulty Connect XR25 Tester. (See XR25 tester section)
Check:
- the fuse and condition of fuse holder

- the computer feed connectors

Connect XR25 Tester. (See XR25 tester section)
Check:
- the valve and sealed connector

___3_._Fa_u_lt_yco_mp_u_te_r 1 Change the computer
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DIAGNOSTICS
FAULT • CORRECTION CHART

Stays in 3rd or gears change at random and
warning light does not illuminate

FAULT - PROBABLECAUSE CHECKS· CORRECTIVEACTION

1. Lack of ground or poor ground to computer Check grounding at the multipurpose switch. Check
the vehicle wiring harness.

2. Kick-down switch wire poorly connected or Check routing and condition of kick-down switch
damaged wire affecting ground. wire.

No park function in "P"

J

F'[:.J

FAULT - PROBABLECAUSE

1. Badly adjusted selector lever

CHECKS- CORRECTIVEACTION

Adjust selector lever
!'\'..j

2. Ratchet arm and its spring and internal control Check the various parts
device defective

Starter inoperative in "N" or "P"

FAULT - PROBABLECAUSE CHECKS- CORRECTIVEACTION

1. Battery and its terminal

Check the battery charge and the condition of its
terminals to ensure that they are clean

2. Badly adjusted selector lever

Adjust the selector lever

3. Defective multipurpose switch

Check that the multipurpose switch is operating
correctly. Perform test using XR25

4. 6-way connector wire of computer from starter

Check thevoltageat the6-wayconnectorat
relay cut or disconnected

computer with the starter activated - The ground
wire at the multipurpose switch.

5. Defective starter relay

Check the starter relay

6. Defective switch

Check the key switch

7. Starter inoperative

Check the starter

F2-12
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DIAGNOSTICS
FAULT - CORRECTION CHART

Starter operates in all lever positions

FAULT - PROBABLE CAUSE CHECKS - CORRECTIVE ACTION

1. Start relay defective (located on the firewall Replace defective relay
near the transmission computer)

Back-up lights inoperative in uR"

FAULT - PROBABLE CAUSE CHECKS - CORRECTIVE ACTION

Adjust the selector lever

Check the bulbs

Check that the multipurpose switch is working
properly using the XR25 tester

4. Feed and return to reversing lights on 6-way Check the voltage at the 6-way connector.
connector cut, disconnected, etc.

1. Badly adjusted selector lever

2. Defective light bulbs

3. Defective multipurpose switch

5. No voltage to the multipurpose switch Check 10 amp. fuse

Noise from hydraulic distributor (valve body) in
"P" or "N" when cold.

II
J

.... FAULT - PROBABLE CAUSE CHECKS - CORRECTIVE ACTION

1. Noisy pressure regulating valve Change the hydraulic distributor plate and gaskets
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DIAGNOSTICS

FAULT • CORRECTION CHART

Rumbling noise between 40 and 50 mph (60 and
80 km/h)

FAULT - PROBABLECAUSE

1. Tires

2. Noisy final drive gears

CHECKS- CORRECTIVEACTION

Check the balance and inflation pressure of the tires

Change Final Drive gears (See Subsection "Final
Drive Assembly")

1

!

SPECIAL POINTS

If the warning light illuminates, it is important to check that all the computer cables (speed sensor,

kick-down switch, load potentiometer, feed) are at least 15 cm away from the high voltage ignition wires,,)
and that the computer is correctly supplied with current (+ 6-way connector, fuse, vehicle harness).

"')

I
.J

I
,.1

1
'. I
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DIAGNOSTIC

XR25 TESTER

XR25 INSTRUCTIONS FOR USE

The XR25 tester is used to analyze the diagnostic
codes emitted by the Renix electronic control.

An interchangeable memory module contains the
information necessary to diagnose the electrical
system.

The XR25 may also be used to check DC voltage.

F2-15



DIAGNOSTIC
XR25 TESTER

GENERAL DISPLAY & FUNCTION IDENTIFICATION .1

I
~..•.-

-

~
'\....--=::

A

B5 76
-

., =c
t

-
- i= T- --- t== ~- t:-

'" OmmlTJ• voltsI~O"-

=r= -._...-

OgmB -0t:] J'.tl 0- LO- -- :: oomm-ruL:: v·InO- mOrBm- - - dlag m::=:t=
:::=

00

DESCRIPTION 2 3 4

8

)

i

1 - "Go/ No-Go" results display (bargraphs)
2 - Analytical test card
3 - Data entering keyboard
4 - Lights reminding check selected
5 - Display of numbered data (voltage, etc.)
6 - Interchangeable memory module
7 - Memory module "connected" indicator
8 - Voltmeter/Impulse detector input

F2-16
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DIAGNOSTIC
XR25

CABLE DESCRIPTION

~
l-

I -
--

- Extender

I
J

~

(::_::40 (

- Adaptor

I

iIl
. !

+
1 8 A

B

I

- Adaptor for potentiometer adjustment
! I

c:c==C=J================{c=J==->=:::::J:== r=J.=

Volt/Ohm Test Leads
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DIAGNOSTIC
XR25

CONNECTING THE XR25

The XR25 comes with all the electrical cables
necessary for each test. Each cable is identified on
page F2-17 with a letter designation.

Cable "T" is an extension cable and can be either
the round or ribbon variety. Cable "T" connects
the XR25 to either cable "V" or "W". Included
also are two alligator clips to connect to the
battery as a power source for the XR25 tester.

NOTE: If the power leads are reversed, the XR25
will not operate, but it will not be
damaged either. Each test schematic wi II
indicate proper connection.

IMPORTANT

As soon as power leads are properly connected,
the XR25 will perform internal circuit diagnosis.
Monitor each indication display in sequence,
followed by very brief tone. The display (5) will go
through a series of numbers (1111 thru 9999) then
finish with all zeros (0000).

Checking Connections and Input Circuits:

This check is necessary if internal circuit diagnosis
is correct but display indicates no reading.

• Connect the extension "T" to the XR25
• Connect cable "V" to extension "T"
• Connect the red terminal to battery +
• Connect the black terminal to battery -
• Depress key "0", then key *
• The display should indicate : COP
• Connect the yellow and green terminals to

vehicle ground. .
• Correct indication will be illumination of the

right side bar graphs.
1-2-3-4-5-6-7-8

Should one or more displays remain illuminated
on the left, the extension is cut or improperly
connected.

F2-18
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DIAGNOSIS
XR25

USE WITH GENERAL REPAIRS

VOLTMETER

• Connect cable V

• Push key V

Display of
the value in

Volts (5)

Voltage input (8)

o
o
o
o

QbJ
-

C
0 ---G
0_.-.--0 0, --

--- Too
ffi7Jl R E N I X

ODDi1J 0oo
___ -0

I

Display characteristics in voltage mode

- Scale: 0 to 25 Volts continuous
- Precision : ..±... 4%
- Protection : 400 Volts max.
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DIAGNOSTIC

XR25

POTENTIOMETER (LOAD SENSOR)

• Connect cable "W"
• Depress key V, then key 1

Battery

1

2
5

~
5 \

T

I 0 Cassette-------
rFrrJi R E N I X \

wffi][]]@ i OVolts

G][]lI]c !O!let1
[] 2 3 G IOS1S1..

o •. it 0 \ 0 Oiaq

~

~

VinO
GO

OJ

" !

]

(,'-'J
!,
L·

Potentiometer ---·1 G 1----.....doJ
• Fully depress accelerator pedal
• Display (5) must indicate between 0 and 3

o indicates the optimum adjustment.
• The bar display must also be aligned.

Display (1)--.Q

Display (5)i
=--_4-'

Display (5)--.1 __1

Display ('>

1o
Potentiometer needs

adjusting

If the potentiometer is not within the range
specified, it must be adjusted.

Potentiometer adjusted

1

, j
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DIAGNOSTIC
XR25

I

POTENTIOMETER (LOAD SENSOR) ADJUSTMENT

To adjust the potentiometer, locate the two holes
in the throttle control assembly. Potentiometer
adjustment can be made only in the W.O.T. (wide
open throttle) position. Using a 3 mm hex wrench,
loosen the securing screws and rotate the
potentiometer. To maintain a proper setting, it is
necessary to apply screw tension evenly (tighten
both screws equally). Failure to tighten evenly will
result in improper adjustment after tightening.

If correct potentiometer adjustment is not
possible, the potentiometer is defective and must
be replaced, then adjusted.

CAUTION
Be sure that the floor mat does not interfere
with full travel of the accelerator pedal.

FAULT INDICATION DIAGNOSIS

The Renix control unit is designed to send a coded
signal. The Renix control unit is located on the left
side of the firewall and is equipped with a
diagnostic lead (lower right corner). The
diagnostic lead extends approximately 6" and
connects to the transmission warning light in the
top right corner of the instrument panel.

When an electrical fault is indicated by the
warning light, the XR25 should be connected to
the system.

IMPORTANT

There are 2 (two) variations of Renix control
operation. This text will distinguish the variations
as "Type 1" and "Type 2".

On "Type 1" the Renix control requires an input
signal from the road speed sensor before the
warning light is extinguished. This means that the
vehicle must be moving at approximately 2 m.p.h.
before the light will go off. If the light remains
on, there is an electrical problem.

"Type 2" is designed so that the warning light
comes on when the ignition is switched on and
goes out, when the engine starts and other test
lights are extinguished. If the light stays on, an
electrical problem is indicated.

F2-21

• On "Type 1" and "Type 2" this diagnosis
monitors:
- the solenoid valves and circuits
- the road speed sensor and circuit

• On "Type 2" only this diagnosis also monitors:
- continuity through the potentiometer circuit

When an electrical fault is indicated by the
warning light, the XR25 should be connected to
the system. The engine must be running, the
vehicle in park and the park brake engaged. The
fault code will be retained in the memory of the
Renix control as long as the ignition is not
switched off.



DIAGNOSTIC
XR25

Computer
6-Pin

Connector

Diagnostic
Plug/Socket

Multi-purpose
Switch

~: Solenoid Pilot Valves

Speed Sensor

Load
(- Potentiometer

1

I

;~.;.J.;
FL.

1

)

Connecting the XR25 for Fault Indication Diagnosis

• Connect cable "V"
• Observe internal checks
• Depress key "D"
• Depress key "0"
• Depress key "1"
• Position the magnetic display card (supplied with the XR25) next to the display windows on the left side

of the face of the XR25.

F2-22
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DIAGNOSTIC
XR25

• Connect adaptor "X" to the green lead on
cable "V"

• Connect the yellow lead on cable "V" to the
instrument warning light connector.

ZEtension "X"_ L.1Jfep.n)
8 (yellow)

( assette

oVol ts

T
o

5

ITrrJl R E N I X

[]][[][2]0

g][i]ffi]cOl1aJ

0]2'3
G

o JlSL
10 I

•"#0o Diaq

Control card

position

Cable "V"

Test 1 • Cable "v" . Reading the display
This test is performed after a road test, before the
ignition is switched off. The bar display in the top
window of the XR25 is divided into four sections.
The top bar indicates that the XR25 is properly
connected.
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DIAGNOSTIC
XR25

If a bar does no appear in the first section, check
all connections for good contact. If a bar appears
in one of the other three sections, a fault is
indicated. On "Type 1" and "Type 2", this test
monitors solenoid valve and road speed sensor
circuits. On "Type 2" only, continuity through the
potentiometer circuit is also checked.

N° code 0

CD
If bargraph extinguished

Check feed to control (12V)ChassisgroundDiagnostic plug/socket connection1
OIl Check solenoid ball valve wiring

Changesolenoid ball valves EL1 - EL22
~

After road test, if it remains illuminated without ignition being switched
-.

oH, change road speed sensor

3 .~

Check continuity

Check adjustment

Test 2 • Cable "v" . Reading the display
This test appears in the lower window of the
XR25. For this, the engine should be stopped and
the ignition switched on. This checks the
multi-purpose switch and the kickdown circuit.
With the shift selector in the first gear hold
position, the bars in section 4 and 5 of the display
should appear. Move the selector to the second
gear hold position and only 4 should appear.
When the selector lever is moved to drive,
neutral, reverse or park, no bars should appear.

Check the kickdown switch by pressing the
accelerator pedal to the floor. A bar must appear
in section 6; if not, the switch is defective and
must be replaced. Be certain the floor mat does
not interfere with accelerator travel.

1st2ndP.R.N.D.
4

"IT] 4[M]4OIl4IT]
Move

CorrectCorrectCorrectIF INCORRECT: Check selector
selector .IJ:1OIlIT]madjustment, wiring, multi-function
lever

5555switch

6

ill 6[]I)Completely depress accelerator pedal.

F2-24
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DIAGNOSTIC
INTERPRETING THE AUTOMATIC TRANSMISSION WARNING LIGHT

The computer (13) incorporates a system for self-testing the electrical components. A defect warning light
(8) on the instrument panel lights up to indicate that this system is operational. Warning light (8) should
come on when the vehicle's ignition is switched on and go out either when the vehicle is moving at more
than 1.9 mph (3 km/h) or after three seconds have elapsed (depending on version).

1

2
3
4 and 7
5

6 and 12

8
9 and 14
10 and 11
13

Speed sensor
Load potentiometer
Solenoid pilot valves
6-way socket/pi ug
Multi-purpose switch
Pilot valve sealed connector
socket
Incident warning light
Diagnostic piug/socket
Load potentiometer plug and socke
Computer
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DIAGNOSTIC
CHECKING CONNECTIONS

- Checking the Instrument Panel Warning Light

Disconnect connector 9.

Action to be taken on the vehicle Points for taking readings Diagnosis

Switch the ignition on Ground connector (14) at the Check the supply fuse, the
wiring harness end. The warning warning light bulb and the wiring
light (8) on the instrument panel
should turn on

J

8 14

,],L

t,
I

.J

FAULT: COMPUTER INCORRECTLY GROUND

Step 1
The computer is grounded at the multi-purpose
switch via lead G secured to the automatic
transmission.

F2-26
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DIAGNOSTIC
CHECKING CONNECTIONS

Step 2
Disconnect the 6-way connector at the computer
and make the following measurement using an
ohmmeter.

•----

Measuring points

Between the battery - (- on terminal) and point E
on computer connector

1. Check connection and condition of terminal
(G) ground lead on automatic transmission
housing.

2. Check continuity of ground lead (using
ohmmeter) placed between terminal (G) and
point (E) on connector on computer. Correct
result should be between 0 and 0.5. If
incorrect, change the multi-purpose switch or
computer depending on where the lead is
damaged.

F2-27

Result

0-0.5

OTHER

Diagnosis

GOOD

NCORRECT
See' - 2 - 0



DIAGNOSTIC
CHECKING THE SIXWAY CONNECTOR AT THE COMPUTER

CHECKING WITH AN OHMETEA - VOL TMETEA

Measuring

Measuring. Operations to be performed
Conditions

Component checked point andIf values Incorrect
values

Ignition on

Computer feed F and Ground:Check fuse and harness
12 ± 2 V

Backup light feed

B. and GroundCheck feed (fuse, harness)
12 ± 2 V

Starter

Starter activation feed C and GroundCheck starter relay and
activated

harness

Ignition off

Computer ground

To backup light bulb

A and ground:Check backup lights
4± 3 n. (bulb, harness)

Depress

Kick-down switch D and Ground:Check the kick-down switch.
accelerator

o to 0.5 1l.Check adjustment and
pedal

operation directly on the
completely

accelerator cable inlet.
Foot off

D and GroundCheck harness
accelerator

00n.
pedal

F2-28
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DIAGNOSTIC

CHECKING THE LOAD POTENTIOMETER (Using an ohmmeter)

Disconnect connector (10) from (11) and check the
following using an ohmmeter:

Disconnect connector (10) from (11) and check the following using an ohmmeter:

. 1

I

Measuring
points

C-B

A-B

A-B

Correct Value

4kn,±

2,5k/L± 1

Open throttle slowly; the
ohmmeter should never indicate
infinite resistance

Diagnosis

If the measurements are different, the
potentiometer is faulty or badly adjusted.
(See adjustment procedure J2-21)

I

"1

)

J

CHECKING 3-WAY CONNECTOR (11) FEEDING THE POTENTIOMETER (using a voltmeter)

®
mIm

A = Potentiometer data
B = Potentiometer feed
C = Ground
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DIAGNOSTIC
SEALED CONNECTOR AND SOLENOID PILOT VALVES

CHECKING THE SOLENOID PILOT VALVE SEALED CONNECTOR AND SOLENOID PILOT
VALVES ONLY

B A 6

EL2
A

c

EL 1
B

1

j

C]

I

)

r.cC.l
i.'".

Measuring Point
Result Diagnosis

Between Band C

30A ±101"\If On.change harness or solenoid pilot
valves60A±

20{\poor connection
Between A and C

30 fl.± 10n{\
change harness or solenoid pilot

C><:> valves
Between C and Ground

If differentshort circuit between ground and
c:x:::>

n from ocn.solenoid pilot valve coil (change
harness or solenoid pilot valves)

Solenoid valve balls sticking (Reference Subsection "Components" Hydraulic Control Unit, J3-8.)

Transmission operating in 2nd speed only, in "0" EL1 remains closed.

No 2nd speed in "0" operating 1 ~ 3 EL1 remains open.
No 3rd speed in "0" operating 1 ~ 2 ~ 1 EL2 remains closed.

No 1st speed in "0" operating 3 ~ 2 ~ 3 EL2 remains open.

Operating 2 ~ 1 ~ 3 solenoid valves in wrong positions.

F2-30
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DIAGNOSTIC

CHECKING THE CONNECTORS FOR REFERENCE

T

cv p

I

• ~ =- --=..=.::-=--=...::-==...:_---=-=-~------ ------- ------ - .-_. ----- ---
BE

•

1

1

I
. J

EL

TC :::': .. ,

•

--
' ',': ','

+ ..~,"

'.'

-------=-_: •

I
i

* Depending on shift
lever position

F2·31

P • Potentiometer
CM • Multipurpose
switch
EL • Solenoid pilot
valves

TC • Connection to
vehicle harness
CV - Speed sensor
BE - Computer
T - Sealed bulkhead
connector



Diagnosis

PARTIALLY CHECKING TH EMU LTIPU RPOSE SWITCH (5)

DIAGNOSTIC

• Disconnect the six pin connector (7) and carry out the check on the base (4) of the computer housing.

1
I

I

1

'\

Replace the multipurpose switch.

Points for taking readings

A - B = 0 J\ (selector in R)

E - C = 01\ (selector in P or N)

4
1

I
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DIAGNOSTIC
CHECKING THE ACCELERATOR CABLE KICK-DOWN

SWITCH.

The kickdown switch is located on the accelerator
cable on the engine side of the firewall connector.

• Disconnect the leads from the kickdown switch
and connect an ohmmeter.

• Depress the accelerator pedal completely. The
resistance should be approximately 0 ohms. If
not, adjust the cable at the stop clip on top of
the valve cover.

• Retest and check to make sure cable returns
properly to the idling stop.
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DIAGNOSTIC
TRANSMISSION FLUID PRESSURE

The quality of gear changing and the useful life of
the clutch/brake section of the automatic
transmission depend on correct fluid pressure
adj ustment.

Special Tool B.Vi. 466-07 must be used for this
function.

CHECKING

• The fluid pressure must be checked with the
transmission hot (80°C)during a road test only (the
fluid pressure varies with the temperature).

• Check the fluid level in the automatic
transmission. (See page F1-5 and F1-6)

• Make sure that the engine is correctly adjusted.

• Connect pressure gauge B.Vi. 466-07 (before using
the apparatus, set the pressure gauge to zero).

• Drive a few miles to allow the oil to reach
approximately 80°C.

• Move the selector level to 2nd gear "Hold".

• Depress the accelerator pedal completely and
brake at the same time to stabilize speed at 50
mph (80-km/h) and read off the value on the
pressure gauge.

• The correct value should be 4.6 bars.

ADJUSTING

• Remove lock plate (2) and turn the capsule. The
pressure is increased by turning the capsule
clockwise.

NOTE:

2 notches = approximately 0.1 bars.

F2-34
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DIAGNOSTIC
VACUUM CAPSULE

The vacuum capsule varies the fluid pressure to suit
the engine load.

CHECKING THE VACUUM CAPSULE

• Engine stopped

• Check the routing of the vacuum hose.

• Connect a manual vacuum pump to the vacuum
hose disconnected from the intake manifold.

• If the reading is incorrect, perform the test again
directly on the capsule. If the result is good,
change the hose, if it is not, change the capsule.

• Also make sure that the connection on the intake

manifold is in good condition.

NEEDLE

"/

/1

I

REMOVAL

• Disconnect the hose, remove stop plate (2) and
unscrew the capsule.

REFITTING

• Oil the capsule (black rubber)

Vacuum to be

applied

525 mbar or

400 mmHg
(16 in. Hg)

STABLE

GOOD

DROPS

INCORRECT

• Screw the capsule in 2 1/2 to 3 turns and attach
lock plate (2).

• TOP UP THE FLUID AND ADJUST THE FLUID

PRESSURE (See "FLUID PRESSURE" on previous
page).
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COMPONENTS
TRANSMISSION FLUID FILTER

The screen filters the fluid and ensures that the
automatic transmission is operating correctly.

TIGHTENING TORQUES (In daNm)

Distri butor 0.9 daNm
(Filter mounting bolts) (6.5 Ib.lft.)

Pan bolts 0.6 daNm
(4.5 Ib.lft.)

The filter screen must be cleaned or replaced at
regular intervals and whenever major work is
performed on the gear section.

REMOVAL

Drain the fluid and remove:

- the pan
- the filter screens and its seal. Before refitting,

clean the pan and its magnets and replace them
as shown.

Transmission Filter Location

Magnet Placement

J

"1 I

"

I
i I, I,

REINSTALLATION

Mount the fluid filter as shown in the illustration at
right. Torque tighten mounting bolts to 0.9 daNm
(6.5 Ib.lft.)

Mount the pan and refill with fluid.

CAUTION

I
U

Failure to place magnets as shown may result in
interference with the filter screen assembly,
causing an air leak at the filter base mount.

F3-'

Attach magnets with ribbed side against pan.

\!

1

i I



COMPONENTS

COMPUTER - REMOVE AND REPLACE

The computer controls the ground connection to the
solenoid valve body along with input from the
speed sensor, RPM sensor and potentiometer. It
ensures that all the electrical connections of the
automatic transmission are operating properly.

105

I
I

~:./'
" .•....•. -..,

---~.,'
. _._---~:::~ ..,//
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Before removing the computer (105) with its speed
sensor and multi-purpose switch, mark the harness
routing accurately and disconnect the battery.

REMOVAL

Remove the following from the automatic
transmission:

- the multi-purpose switch (C) and its ground lead
(H).

- the speed sensor and its seal. Disconnect
connectors (5), (T), (V) and the load
potentiometer connector.

- Remove the computer.

F3-2



COMPONENTS

COMPUTER - REMOVE AND REPLACE

REINSTALLATION

Check that O-ring seals (T) are present on the speed
sensor and multi-purpose switch.

Refit:
- the speed sensor
- the multi-purpose switch and ground lead (G) at

(H), to the automatic transmission.

Replace the harnesses in their ribbed sleeving.

Reconnect connectors (S), (T) and (V).

Secure the computer on its support using a strap.

F3-3
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COMPONENTS

COMPUTER - REMOVE AND REPLACE

CHECK:
- That the harnessesof the kickdown switch, load

potentiometer and computer feed are at least
15 em (6") away from the ignition high tension
lead (area shaded gray). Otherwise there is a
risk of interference which could cause the
warning light to come on intermittently and
the automatic transmission to function
irregularly.
That the high tension harness leads are in
perfect condition.
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COMPONENTS
MULTI-PURPOSE SWITCH - REPLACEMENT

This operation consists of cutting the wire
connecting the electronic module to the
multi-purpose switch and replacing the switch with
a new one.

Before cutting the wire, check the multi-purpose
switch.

Contents of replacement kit.

- 1 multi-purpose switch together with a ground
lead male connector and cable,

- 1 female connector,
- 6 male pins
- 6 seals.

PROCEDURE

Remove the multi-purpose switch from the
automatic transmission and cut off the wiring to the
same length as the wiring on the replacement part.

At the electronic module end:

- remove the protective sleeve back 65 mm (2.5 in)

I
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COMPONENTS

MULTI-PURPOSE SWITCH - REPLACEMENT

- Strip the wires back 5 mm (.20 in)
- Place a seal (J) on each wire,
- crimp the end terminals in place.

5

I.

When fitting the wires into the connector, ensure
that the color codes are correctly aligned.

Fold down the locking tab on the connector.

There are computers in service which are connected
to the multi-purpose switch via seven wires. In this
case, the white wire sheath is to be cut off flush
with the cable at the computer end.

Check that O-ring (T) is in place and attach the
multi-purpose switch to the automatic transmission.

IMPORTANT

REMEMBERTO RECONNECTTHE GROUND LEAD TO
THE AUTOMATIC TRANSMISSIONCASE.

F3-6
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COMPONENTS

SPEED SENSOR· REPLACEMENT

This operation consists of cutting off the wire
connecting the electronic module to the speed
sensor and replacing the sensor with a new one.

Check the speed sensor before cutting the wire.

Contents of replacement sensor kit:
- 1 speed sensor equipped with a wire and a male

connector,
- 1 female connector,
- 2 male pins,
- 2 seals.

Procedure:
Remove the automatic transmission speed sensor
and cut off the cable to the same length asthe cable
on the replacement unit.

At the electronic module end

- remove the protective sleeve and the shielding
back 40 mm (1.5 in)

"II

'i
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I

- strip the two wires back 5 mm (.20 in)
- place a seal on each of the wires,
- crimp the terminals in place.

When fitting the wires to the connector, follow the
wiring code by placing the same code colors
opposite one another.

,I
I

J

[]=={~
Fold down the locking tab on the connectors.

Check that O-ring (T) is in place before reassembly.

F3-7
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COMPONENTS
HYDRAULIC CONTROL UNIT (VALVE BODY)

The hydraulic control unit delivers (or discharges) oil
to (or from) the clutches and brakes in accordance
with the solenoid pilot valve feed.

TIGHTENING TORQUES

Distributor bolts 0.9 daNm (6.5 Ib.lft.)
Pan bolts 0.6 daNm (4.5 Ib.lft.)
Cover plate bolts 1.3 daNm (9.5 Ib.lft.)

; i
. i

L(

REMOVAL
• Drain the fluid and remove:

- the pan
- the filter screen (resuse seal J)
- all the control unit bolts except for bolt A.

• When removing bolt (A) take care that the
following do not fall:
- manually operated valve (14)
- the plate and two seals located under the

control unit.
• Remove clip (E) from the sealed connector and

remove the control unit/solenoid pilot valve
assembly.

CHECKING

Check that the sequence valves (6) and (7) slide
freely at (A) using a small screwdriver and also make
sure that the other valves slide freely. TAKE CARE
NOT TO DAMAGE THE PARTS.
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COMPONENTS

HYDRAULIC CONTROL UNIT (VALVE BODY)

14
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REFITTING

• Attach clip (E) to the sealed connector socket and
reconnect socket.

• Fit manually operated valve (14) in the center line
of the toothed quadrant.

• Place the vacuum capsule on the pressure
regulating valve (11).

• Screw in bolts (2) and (6) on the control unit as
far as they will go since they determine the
position of the control unit when all the bolts
have been tightened.

• Using a torque wrench, tighten the hydraulic
control unit bolts to 0.9 daNm (6.5 Ib.lft.) in the
order shown.

• After tightening bolts (1) to (6), install the new
filter screen and seal as shown in the illustration.

• Attach the pan equipped with a new gasket.

• After installing, check that the manually
operated valve moves correctly.

• Fill with fluid and adjust the fluid pressure.

F3-9
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COMPONENTS

HYDRAULIC CONTROL UNIT (VALVE BODY)

1.3 daNm

(9.5Ib./ft.)

1 - Pressure limiting valve ball (PLV)
2 - Pressure limiting valve spring (medium size)
3 - Pressure limiting valve (PLV)
4 - Pressure limiting valve seal
5 - Sequence valve (SV) spring (small)
6 - Sequence valve (SV)
7 - Sequence valve (SV)
8 - NO.1 selector valve (SV1)
9 - Plungers

10 - No. 2 selector valve (SV2)
11 - Pressure regulating valve (PRV)
12 - Pressure regulating valve (PRV) spring (large)
13 - Cover plate
14 - Manually operated valve (VM)
15 • Hydraulic unit

Plungers (9) are identical.

Valves (3, 7, 8, 10) are symmetrical.

Valve (6) is not symmetrical.

F3-10
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COMPONENTS

HYDRAULIC CONTROL UNIT (VALVE BODY) REPAIR

Disassembly must be performed in a clean, dustfree
location.

DISASSEMBL Y

Remove in succession the 2 bolts securing cover
plate (13) TAKING CARENOT TO LOSESPRING(12).

Remove the other components, turning over the
unit and manual valve (14).

CLEANING
Use:
- clean solvent
- lint-free shop towels for wiping down,
- compressed air, blowing strongly into all ducts.

WARNING
Always wear eye protection when working with
compressed air.

CHECKS

If there are any scoring or wear marks on any of the
spool valves the entire hydraulic control unit must
be changed.

All the spool valves should move freely and should
not stick at any point.

Seal (4) and the seals on the solenoid pilot valves
must be in_ perfect condition.

REASSEMBLY

Lubricate all the parts with Mobil@ 220 Dexron@ II
and reassemble them as shown in the exploded
view, page F3-10.

CAUTION
The largest spigot on valve (6) must face towards
small spring (5).

Secure plate (13) by its 2 bolts and mount solenoid
pilot valve with mark 1 at the same end as the
pressure regulator valve.

Tighten the cover plate bolts (13) progressively so
that the last coil of spring (12) is not jammed
between plate (13) and unit (15) and torque tighten
to 1.3 daNm (9.5 Ib.lft.)

Check that all the valves move freely.

'.'""I
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COMPONENTS

SOLENOID PILOT VALVES· REMOVE & REPLACE

Depending on whether or not they are supplied
with power, the solenoid pilot valves control the
movement of the passage selector valves of the
hydraulic control unit which in turn determine the
gear changes.

TIGHTENING TORQUES

Control unit mounting bolts 0.9 daNm
(6.5 Ib.lft.)

Pan mounting bolts 0.6 daNm
(4.5 Ib.lft.)

Cover plate mounting bolt 1.3 daNm
(retains solenoid pilot valves) (9.5 Ib.lft.)

REMOVAL
The hydraulic control unit must be removed in
order to remove the solenoid pilot valves (see
HYDRAULIC CONTROL UNIT chapter).

Loosen the two bolts until the solenoid pilot
valves can be released.

TAKE CARE NOT TO LOSESPRING(12).

Before reassembling, check:
that seal (J) is in perfect condition
that O-ring seals (T) on the solenoid pilot valves
and the sealed connector are in perfect
condition
that the ball-bearings move properly and that
the solenoid pilot valves are clean.

REASSEMBLY

Lubricate the solenoid pilot valves and mount
solenoid pilot valve marked (1) at the regulating
valve end (see diagram).

Tighten the plate mounting bolts (13)
progressively so that the final coil of spring (12) is
not jammed between plate (13) and unit (15) and
torque tighten to 1.3 daNm. (9.5 Ib.lft.)

Insert the clip in the socket of the sealed
connector and reconnect it.

Remount the hydraulic control unit (see page
F3-10)

Fill the fluid and adjust the fluid pressure.

ATTENTION: If the solenoid valves are not
mounted on the correct sides, 1st gear will not
operate.
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COMPONENTS

TORQUE CONVERTER

The torque converter ensures a flexible and
automatic connection between the engine and the
gear section. It multiplies the torque delivered by
the engine when the vehicle starts.

REMOVAL:

• Remove the converter retaining strap. (See
illustration).

Pull the converter towards you to remove it.

CHECKING

Check the condition of:
- the converter centering device 1 (at crankshaft

and converter end) 40 mm dia.
- seali ng area (2)

converter "white metal" bushing (3)
- the three securing points.

Converter Retaining Strap
(Fabricate from Strap Iron)

1

,
1I

j
,J

~I

F3-13



, tI

COMPONENTS

TORQUE CONVERTER

NOTE:
1. ONLY THE RECOMMENDEDFLUID(MOBIL 220 

DEXRON@II) MUST BE USED IN THE TORQUE
CONVERTER.

2. If the fluid contains particles from damaged
clutches or brakes (the fluid will be black and
smell burnt), follow the instructions below for
discharging the fluid from the converter:
- allow the fluid to drain from the converter
- fill the converter with clean fluid (Mobil

220-Dexron@II). Using a turbine shaft, rotate
the turbine to mix the fluid and let it drain.

- When the automatic transmission has been
reattached, top up the fluid and run the
engine (selector in Park) for several minutes.
Drain the automatic transmission and clean
or replace the filter screen.

NOTE: If heavy metallic contamination is present,
replacement of the torque converter will be
necessary. Cleaning is unacceptable.

REFITTING

• Rotate the fluid pump shaft and turbine shaft by
hand to check that they turn freely .

• Lubricate the "white metal" bushing and the seal
joint face with transmission fluid or petroleum
jelly.

Install the torque converter and the retaining strap
in place.

Protect the seal joint face with a plastic cap while
the converter is being handled.
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COMPONENTS
TORQUE CONVERTER

CHECKING

Place a support with a dial indicator attached on
one of the cylinder block securing holes.

Take a reading at each converter mounting hole.

Compare the readings: the permissible run-out is 0.3
mm (.011 in).

If the readings are above this figure the flex plate
must be replaced.

Before reinstalling the automatic transmission
check:

- the condition of locating hole (1) in the
crankshaft

- That the locating dowels are present on the
engine and starter.

CAUTION

Failure to reinsert locating dowels may cause
additional mechanical damage.

\
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COMPONENTS
TORQUE CONVERTER

1

REMOVAL

When the converter has been removed, remove the
seal using a chisel or a seal extracting tool.

Checkthe condition of the smooth part of the stator
shaft (1).

A torque converter seal retainer (used in ML1-011
automatic transmissions) may be retrofitted to
model ML1-010 transmissions as described below.

INSTALLATION

1. Remove and discard the two existing bolts at
bosses 1 and 2.

2. Install retainer over seal as shown using new,
longer bolts.

3. Coat new retainer bolts with silicone sealant
before inserting.

4. Torque tighten retainer bolts to 2.5 daNm (18
Ib.lft.)

REASSEMBLY

• Lubricate the seal and push it on using tool B.Vi.
465 .

• Refit the converter after lubricating the joint
face.

Bolts
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REMOVE AND REINSTALL
PROCEDURE

Steering arm ball joint nut:

TIGHTENING TORQUES

REMOVAL: Support vehicle under engine
supporting crossmember so the front wheels are
off the ground and front suspension at the relaxed
end of its travel.

.. ...,.,

12 daNm (90 Ib.lft.)
bolts: 8 daNm

(60 Ib.lft.O
3.5 daNm
(26 Ib.lft.)

Wheel nuts:
Shock absorber bottom

The transaxle must be removed from below using a
floor or transmission jack. The transmission section
cannot be removed from the final drive assembly
(differential) while installed in the vehicle. They
must be removed as one assembly.

REMOVE OR DISCONNECT
• Drain transmission and final drive
• Front wheels
• Bottom 4 shock absorber bolts
• Steering box connections to the stub axle carriers
• Steering box
• Drive shaft roll pins using drifts B.Vi. 606.

(Tilt stub axle carriers outward while removing drive
axles from final drive and position out of the way.)

• Transmission computer and harness from firewall
(Tie to transmission)

• Speedometer cable by pinching the plastic end
• Shift cable (prop aside)
• Transmission and final drive cooling lines.
• Speed sensor on bell housing
• Final drive thermo switch wires

CAUTION
Exercise extreme care during transmission removal
and installation process. Even minimal flexplate
(flywheel) damage may result in a no-run
condition.

• Dipstick
• Vacuum line from vacuum capsule
• Large rear mount bolt
• Rear mount holders on crossmember behind rear

mount
• Rear mount from transmission (set safety cable

aside)
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REMOVE AND REINSTALL

PROCEDURE

REMOVE OR DISCONNECT (CONTINUED)
• Lower air scoop
• Lower flywheel cover behind engine oil pan
• Torque converter bolts
• Gearbox - engine support stay-bolts (1 long bolt

through bell housing on left and 2 small bolts on
right side ahead of final drive housing)

• The ring of gearbox bolts and 3 starter bolts
• Starter
• Converter retai ni ng strap(s) used after removal

from vehicle. Fabricate from strap iron.

CAUTION
If a jack is used, take care that the assembly is
evenly balanced.

REASSEMBLY

Reassembly is straightforward.
Note however:
• Reassemblywill be made easier by using 2 studs

(G) to guide the gearbox into position.
• Silicone should be used to plug the rollpins holes

in the drive shaft.
• Besure the alignment dowels (D) are in place and

the starter dowel (F) is also in place before
reinstaIIati on.

• Install in reverse order of removal.
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REMOVE AND REINSTALL

PROCEDURE

Reconnect the oil cooler lines using new washers
(H); torque tighten to 2 daNm (15 Ib.lft.)

Check the condition of ferrule (G) on the dipstick
tube before reattaching.

If the dipstick tube ferrule is worn or damaged, the
complete dipstick tube with ferrule and nut must be
changed. The nut (F) and ferrule (G) should be
installed onto the dipstick tube as shown .

• Fill both final drive and transmission with the
proper type and level of fluids:
- Differential: BOW-gOGear Lube
- Transmission: Mobil 220 ATF Dexron© II

,/
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REMOVE AND REINSTALL

PROCEDURE

• Reprime the final drive oil cooling system with oil
as follows:
- Be sure temperature of differential oil is at

least 50°F for pump to work correctly.
Disconnect the black and the violet wires from
the thermoswitch.
Touch these two wires together briefly using a
test lead or similar wire.
The pump will run for a 3-minute cycle, then it
will shut off. (It is normal for the pump to
"whine" because of the viscosity of the cool
oil.)
Reconnect thermoswitch wires.
Top off oil level as necessary.

CAUTION
If the pump makes an abnormally shrill, siren-like
noise while running, check for plugged or pinched
oil lines. If the pump does not stop after 3
minutes, the thermoswitch or the timer-relay may
be faulty.

• Check front wheel and steering wheel alignment.
• Check shifter operation.

IMPORTANT

Make sure safety cable is installed properly and is
not rubbing on power steering lines. Tie up if
needed.

CAUTION
Be sure to fill the final drive with BOW-gOgear
lube! Do not fill with ATF since it will not
sufficiently lubricate internal parts of the final
drive.
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TRANSMISSION REBUILD
EXPLODED VIEW
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TRANSMISSION REBUILD
EXPLODED VIEW

Descriptions
1 clutch/brake case
2 : pump
3 : F2 brake piston
4 : F2 brake cup
5 feed hub
6 : needle thrust race
7 : F2 brake discs
8 : F1 clutch piston support
9 : circlip

10 clutches E1 and E2
11 forward drive train
12 F1 clutch piston
13 F1 clutch discs
14 : E2 clutch-housing
15 : friction washer (1.5 mm thick)
16 : reverse drive train
17 : free wheel
18 : needle thrust race
19 : friction washer (thickness to be determined)
20 : circlip
21 parking pawl ring
22 : vacuum capsule
23 : valve body
24 : parking pawl
25 : parking pawl pivot pin
26 : parking pawl spring
27 : parking pawl link
28 : clip
29 : gear selector cam
30 : cam pivot pin
31 fi Iter seal
32 : filter
33 : cam detent ball
34 : cam detent spring
35 : pan gasket
36 : needle thrust race
37 : friction washer (1.5 mm thick)
38 : pump shaft
39 tu rbi ne shaft
40 end play adjusting shim
41 washer
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1 Undulated Disc
5 Flat Discs
4 Lined Discs
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TRANSMISSION REBUILD

DISASSEMBLY

'I

The components must be disassembled and handled
on a bench with a padded top (rubber or thick
plastic).

SEPARATINGTHE CASINGS

• Remove the torque converter.
• Remove the pump drive shaft
• Separate the final drive casing from the gear

section casing.
• Remove the external bolts from the gear section

casing and the 2 internal bolts which can be
reached by removing the pan and filter screen.

• Leavespacer (E) and shim (K) on the output shaft.

DISASSEMBL V

Remove the following from the gear section:

- parking pawl ring (21),
- parking pawl (24) and its spring (26)
- plastic washer (19)
- needle thrust race (18).

E K
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TRANSMISSION REBUILD
DISASSEMBLY

When taking out bolt (A), take care not to drop the
manually operated valve (VM) or the plate and two
seals under the control unit.

NOTE: Seethe chapter "Hydraulic Control Unit" for
complete instructions on dismantling the
valve body.

Remove clip (A) and disconnect solenoid pilot valve
connector (T).

REMOVE:

- the parking pawl plunger (27)
- spring (28)

NOTE: To remove lever (30), place it in 1st gear
"Hold" (opposite the "Park" position) and
extract roll pin (G).

TAKE CARE NOT TO LOSE THE QUADRANT
BALL AND SPRING.

-,
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TRANSMISSION REBUILD
DISASSEMBLY

I

- Remove circlip (20) and the assembly 17 - 16·15
13

• Remove clutch piston (12) by blowing compressed
air through hole (T). See page F5-7.

FS-6
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TRANSMISSION REBUILD

DISASSEMBLY

"T" denotes port in worm channels for removal of
clutch piston with compressed air.

(Insert a small piece of tubing in hole (T) and apply
compressed air.) DO NOT USE TOOLS TO RELEASE
(12).

Remove E2 cIutch housing (14) and 37-11.
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TRANSMISSION REBUILD

DISASSEMBL Y

Remove assembly E1/E2(10) using the turbine shaft
(39) (assembly (10) cannot be disassembled):

39

- circlip (9) and parts (8) to (5)

- cup (4) and piston (3) using tool B.Vi. 952.
10

9

6

7
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TRANSMISSION REBUILD
CLEAN AND INSPECT

MARK THE FACEOF THE PUMP OUTERPINION and
remove (2).

CLEANING

Do not use trichloroethylene as this may splash on
the seals and cause damage.

Do not use shop towels which could leave lint
particles in the system.

Use:

- solvent or degreasing fluid, (except on the seals)
and lint-free towels for wiping off.
compressed air, blowing hard in all holes, feed
ways and oitways on:
the gear section causing (1)
the free wheel (17)
the forward gear train (11)
the reverse gear train (16)
the E2 clutch housing (14)
pistons (12-3)
feed hub (5)
pump (2)
pump shaft (38)
turbine shaft (39)

Mark

F5-9
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TRANSMISSION REBUILD
CLEAN AND INSPECT

Blow compressed air into the fluid cooler inlet and
return pipes (A and B).

After cleaning, lubricate the parts immediately with
Mobil 220-Dexron@ II automatic transmission fluid.

A

t
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TRANSMISSION REBUILD
CLEAN AND INSPECT

GEAR SECTION CASING (1)
Check that the following are in good condition:

the pump location (see FLUID PUMP)
the circlip grooves

- the joint faces on pistons F1 and F2
the face of the valve body casing

- the coupling faces
the joint faces of the sealed connector and input
shaft.

Ii
J
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FLUID PUMP (2)
Check that the pump pinions are in good condition.

Gear section casing/pinion/wheel assembly is Mark
matched.

If one part has to be changed, then the entire
assembly must be changed.

FS-11
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TRANSMISSION REBUILD
CLEAN AND INSPECT

FEED HUB· SEALING RINGS (5)

Before removing the rings from the hub check that
they rotate freely on the hub. If any rings are stuck
CHANGE THE HUB-RING ASSEMBLY.

Remove the rings and check the condition of the
following on the hub:

the bottom of the three grooves in which the
rings fit,

- the white metal faced bushing,
- the face at the pump end.

On the rings check:
the ring gap ends (3) - they should fit together
exactly (4).

- the clearance at section (J) : it should be between
0.05 and 0.35 mm (.002 - .010 in)

BRAKES (7) (13)
Any lined discs showing signs of overheating
(blackening of lining), on which the finish is poor or
which are worn must be replaced.

~
,

,I
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Scrap all steel discs that show signs of picking-up or
seizing.

CLUTCHES E1, E2 (10)

Clutches E1 and E2 cannot be disassembled.

Clutch 2 has visible discs.

Check the clearance of clutch E2 using a set of
shims.

Maximum permissible clearance: 4.1 mm (.16 in)

If clearance is not correct replace E1-E2.
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TRANSMISSION REBUILD
CLEAN AND INSPECT

Clutch E1 is not visible but the clearance can be
checked by moving crown wheel (C).

If the clearance is not correct change E1-E2 and the
hydraulic control unit.

On E1 - E2 check the condition of:

- the turbine shaft retaining seal.
- the inside of the bore accomodating the E2

Clutch Housing feed hub (14).

Check that:
the pinion,

- the two white metal faced bushings are in good
condition.

CUP WITH CRIMPED SPRING (4)

Check that the springs and their crimped areas are
in good condition.

SEAL(All sealsremoved must be routinely replaced).

Tightening the seals.

0.2 to 0.7 mm (.008 to .027 in) over the diameter.

Replace any seals which do not meet the given
tolerances.

VALVE BODY (23)

The valve body assembly can be dismantled (see
chapter "Hydraulic Control Unit" in Subsection J3).

PLANETARY GEAR TRAINS (11) (16) • Check the
condition of the teeth on all the gears.

Make sure that all the gears in the forward and
reverse gear trains turn freely and without excessive
piay on thei r shafts.

FREEWHEEL (17)

Check the condition of:

- the components of the free wheel (spring, roller,
body)

- the surface of the free wheel track on (16)

If any componets are defective, the entire free
wheel and the reverse gear train (16) must be
changed.

FS-13
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TRANSMISSION REBUILD

REASSEMBLY

REASSEMBLY

STEP 1

A - Outer pinion according to mark made on
dismantling.

Check that it turns freely in the housing.

B - Lubricate the seals

C - Center using tool B.Vi. 952 and progressively
torque tighten the bolts:

Tighten 7 mm dia. bolts to 1.5 daNm (11 Ib./ft.)
6 mm dia. bolts to 0.6 daNm (4.5 Ib./ft.)

Lubricate

F5-14



TRANSMISSION REBUILD

REASSEMBLY

BRAKE F2

STEP 2

ATIENTION:

Attach the proper circlip (0) as shown in the
illustration.

A - one wavy disc, one flat disc and one lined disc
alternately.
B - Lubricated F1 piston support

C - Operating clearance should be 1.5 to 2.1 mm

6mm

A
discs

B

I

...•••
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TRANSMISSION REBUILD

REASSEMBLY

ADJUSTING F2 PISTON

,

This is adjusted using a spacer shim (C) which is
available in three sizes (0.5, 1 and 2 mm). It is placed
between the F1 piston support (8) and the F2 brake
discs (7).

Calculation example

Clearance measured: 3.6 mm
Select the 2 mm shim
Clearance after adjustment: 3.6 - 2 = 1.6

When the assembly has been reassembled with the
shim, check the clearance again.

Do not use more than two shims.

CHECKING THE OPERATION OF THE PISTON

Make sure that the piston is working properly by
blowing compressed air through hole (T).

Check that the piston moves backwards and
forwards properly.

FS-16
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TRANSMISSION REBUILD

REASSEMBLY

STEP 3

Clip the turbine shaft in the E1 • E2 clutch assembly
and fit:

IMPORTANT
TAKE CARE NOT TO MIX THE F2 and E2 DISCS. E1

E2

I
J

CHECK THAT THE ASSEMBLY IS CORRECT

The dimension between the end of sunwheel (P)
and the joint face must be:

39.9 mm - 41.3 mm (1.573 in. - 1.627 in.)

(J

'j

\

)
. J
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TRANSMISSION REBUILD

REASSEMBLY

BRAKE F1

I

STEP 4

A - Lubricate the seals and assemble them

progressively onto the piston.
B - One wavy disc, one flat disc and one lined disc
should be fitted alternately, the lined disc on top.

PRE-ASSEMBLY OF FREEWHEEL AND REVERSEGEAR
TRAIN

STEP 5

NOTE: The components of the free wheel should
not be disassembled unless absolutely
necessary.

FS-18



TRANSMISSION REBUILD

REASSEMBLY

ATTENTION:

STEP 6

Circlip (20) must be the correct size.

A - Mount the assembly and rotate the reverse gear
train so that the brake notches are in line with their
locations.

The operating clearance for brake F1 should be 1.1
to 3.1 mm.

20
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TRANSMISSION REBUILD

REASSEMBLY
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OPERATING CHECK

Make sure that the piston is operating correctly by
blowing compressed air through hole (T).

Check that the piston moves backwards and
forwards properly.

FS-20



TRANSMISSION REBUILD

REASSEMBLY

ADJUSTING THE REVERSE GEAR TRAIN

The object of the adjustment is to restrict the
displacement of the reverse gear train by
determining the thickness of plastic shim (19).

THE AVERAGE CLEARANCE MUST BE 0.4 mm.

The adjustment is made in two stages:

1. At gear selection end

Check that thrust bearing (18) is on the sunwheel
and that there is no plastic shim (19).

- Place tool B.Vi 715 (or an accurate straight edge)
across the case joint surface as shown.

- Attach a dial indicator to the tool or straight
edge and "zero" the indicator on dimension A,
the top surface of the planet gear assembly.

- Next, measure dimension 8, which is the top
surface of the thrust bearing. Record this·
dimension. You will need to subtract it from the
park ring dimension.

1
J

B.Vi.715

B A
1j
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TRANSMISSION REBUILD

REASSEMBLY

2. On the parking pawl ring (21).

c

--J

21
I

- Placetool a.Vi. 715 or straight edge across the
back side of the park ring as shown.

- Attach the dial indicator to the straight edge
and "zero" it on the inner face of the gear as
shown.
Then measure dimension C at the hub face.
Total Clearance = B + C

Example: If B was 1.3 mm and C was 1.2 mm,
then total clearance is 2.5 mm.

- Next, subtract average clearance (0.4 mm) from
total clearance to find the thickness of plastic
shim to use.
Example: 2.5 mm - 0.4 mm = 2.1 mm
Select a shim which gives a tolerance closest to
0.4 mm.

- Four thicknesses of shims are available:
- 1.5 mm
- 2.0 mm
- 2.6 mm
- 3.2 mm

In our example, you would pick the 2 mm shim.
This would give a 0.5 mm tolerance, which is
within 0.1 mm of the desired 0.4 mm.
- The 1.5 mm shim would allow 1 mm tolerance;

0.6 mm too much.
The 2.6 mm shim would allow 0 mm tolerance;
in fact, it would bind 0.1 mm.

F5-22



TRANSMISSION REBUILD

REASSEMBLY
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Fit plastic shim (19), whose thickness has already ,
been determined, and parking pawl ring (21).

Fit parking pawl (24) and its spring (26) on shaft
(25).

NOTE: To limit the movement of parking pawl (24),
a shim is placed between the parking pawl
and the gear section at (C).
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TRANSMISSION REBUILD

REASSEMBLY

Reassemble: 34 - 33 - 29 - 30 simultaneously, with a
new seal and rollpin,

Reassemble 27 and 28.

Attach clip (E) to sealed connector (T) and connect
it.

34I
\

33
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TRANSMISSION REBUILD
REASSEMBLY

REASSEMBLE:

- the valve body with its two seals and plate;
torque tighten the valve body bolts in the order
indicated (see "Hydraulic Control Unit" in
subsection F3).

Install the transmission filter screen.

""JI
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COUPLING TRANSMISSION TO FINAL DRIVE
ADJUSTING THE END FLOAT

The end float is the operating clearance of the gear
section of the automatic transmission.

THE AVERAGECLEARANCE(J) MUST BE0.8 mm. The
end float is adjusted by shim (K) which is a ground
shim.

K

J
0.8 mm (0.65 - 1.0 mm)

End float (J) is 0.65 mm to 1.0 mm. It is adjusted by
thickness of shim (K).

IMPORTANT

The end float must be adjusted when a service
exchange transmission section is installed as well as
during a transmission or final drive rebuild.

F6-1



COUPLING TRANSMISSION TO FINAL DRIVE
ADJUSTING THE END FLOAT

The adjustment is made in 2 stages.

1. Final drive end (shim K removed).

- Place tool B.Vi. 715 (or an accurate straight edge)
across the final drive case joint surface as shown.

- Find dimension E, which is the distance from the
top edge of the step-down shaft spacer to the case
joint surface.

Zero the dial indicator on the case surface, then
move the indicator to the step-down shaft spacer.
Record this dimension.

y80Vi0715
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COUPLING TRANSMISSION TO FINAL DRIVE
ADJUSTING THE END FLOAT

2. Transfer case end (Paper gasket in position).

The reverse train clearance must be correct (see
F5-21) and the parking pawl wheel correctly
installed.

H F

- Find dimension G, which is the distance from the
park gear hub to the casejoint surface. Zero the
dial indicator on the park gear hub, then move the
indicator to the case surface. Record this
dimension.

- Subtract dimension Efrom dimension G to find the
total end play.
Example: If G is 25.3 mm and E is 22.4 mm, then
total end play is 2.9 mm. 25.3 mm - 22.4 mm = 2.9
mm.

- Subtract average end play 0.8 mm (0.65 mm - 1.0
mm) from total end play to find the proper
thickness of shim to be used.
Example: 2.9 mm - 0.8 mm = 2.1 mm

- Select a shim which adjusts end play tolerance
closet to 0.8 mm.

- Five thicknesses of shims are available:
- 0.25 mm
- 0.7 mm
- 1.1 mm
- 1.7 mm
- 2.3 mm

In our example, you would pick the 2.3 mm shim.
This would give 0.7 mm tolerance, which is within
the necessary 0.65 mm to 1.0 mm range.
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COUPLING TRANSMISSION TO FINAL DRIVE
ADJUSTING THE END FLOAT

Once the adjustment has been made, set the
mechanism in the "Park" position.

FINAL REASSEMBLY PROCEDURE

I
ii

REASSEMBLY

- Check that the 2 dowel bushings are fitted and
that their locations are in good condition.

- Clean the case joint faces and coat them with
anaerobic sealant compound. Install a
replacement paper gasket.

Secure the transfer case to the final drive case and
tighten the bolt to 2.0 daNm (15 Ib./ft.)

- Check that the 4 magnets are in place in the fluid
pan.

- Mount the pan and torque tighten the bolts to 0.6
daNm (4.5 Ib./ft.)

F6-4
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FINAL DRIVE REBUILD
GENERAL INFORMATION

Matching parts

The final drive pinion and ring gear.

I

I

The separator case and the step-down case.

The final drive casing and the converter casing.

TIGHTENING TORQUES

Bearing nut on final drive pinion 22 daNm
(160 Ib./ft.)

Bolt securing separator casing to step-down casing
2.5 daNm (18 Ib./ft.)

Bolt securing step-down casing to converter casing
2.5 daNm (18 Ib./ft.)

F7-1



FINAL DRIVE REBUILD
GENERAL INFORMATION

Differential/Intermediate Case Gasket
The gasket between the differential bell housing and
the intermediate gear case must be replaced each
time the transmission is disassembled. The metal
shim(s) between the pinion bearing collar and the
intermediate gear case must also be replaced at that
time, since the shims are matched to the gasket
thickness. (Refer to figure 1). Winnebago Part Sales
Department has a parts package available which
contains 1 gasket and a quantity of shims. Order part
number R77014-64-332 for all transmissions.

NOTE: The quantity of shims provided with each
gasket will vary according to the thickness of
the gasket. Always use all shims included in
the package.

REPAIRPROCEDURE
This procedure allows you to replace the shim(s)
without totally disassembling the intermediate
section of the transmission. If total disassembly of
the transmission is to be performed regardless, this
procedure does not apply.

The following steps assume that you have already
removed the transmission from the vehicle,
separated the differential bell housing from the
intermediate case, and that the intermediate case is
on the bench.

Figure 1

j

,I
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FINAL DRIVE REBUILD
GENERAL INFORMATION

Differential/Intermediate Case Gasket
1. Insert a pry tool or large screwdriver into the

rectangular opening on the pinion bearing
collar and pry the pinion bearing forward
approximately 1/4". Use a wooden slat between
the screwdriver and the case to protect the case
from damage. (See figure 2).

Figure 2

)

I

2. Make a cut in the shim(s) using a sharp scissorsas
shown, (See figure 3). It is important that you
use scissors only - not "ti n snips".

3. Insert the shim(s) between the pinion bearing
and the case in the same manner as installing
rings on a piston.

NOTE: Use all shims provided in the package.

4. Pressthe pinion gear and bearing back into the
case using the heel of your hand or tap lightly
with a rubber mallet if necessary.

S. Install the new gasket between the intermediate
gear case and the differential bell housing, (See
figure 1) then reassemble the transmission.

F7-3
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FINAL DRIVE REBUILD

DISASSEMBLY

Dismantling
• Separate the converter· final drive housing from

the step down housing.
• Mark the position of the differential nut. Remove

the final drive half housing.

• Take out the differential.
• Remove the ring gear mounting bolts (they are

self-locking bolts that cannot be re-used). Leave
two in place, diametrically opposite one another.

• Extract the three bearings using special tools B.Vi.
28-01 and B.Vi. 48 or a bearing splitter.

F7-4
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FINAL DRIVE REBUILD

DISASSEMBLY

'j

oJ
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• Remove parts 11 to 16

Remove the converter seal (27) using a chisel or a
seal removal tool.

SEPARATOR HOUSING
REMOVE:

- Shim (K) and spacer (T)
- Circlips (1) and (9)
- The bolts securing the separator housing; separate

it from the step-down casing.
- Bearings (2) and (10), separating circlips (3) and

(11)

F7-S



REMOVING THE FINAL DRIVE PINION
REMOVE:

• the circlip (10),
• the pressed steel cover (T)

• Push out the pinion on the press.

FINAL DRIVE REBUILD
DISASSEMBLY

F7-6
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FINAL DRIVE REBUILD
DISASSEMBLY

• Unlock the nut (5) and remove it with tool B.Vi.
903.

• Using tools B.Vi. 28-01 and B.Vi. 48, extract the
pinion bearing (4).

REMOVE:

• The speedometer drive pinion (64) and its shaft
(65).

• Break the lugs (e) that secure the pinion to the
shaft.

l
'.J

• Remove the shaft

• The pinion must be replaced with a new one each C
time it is removed.
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FINAL DRIVE REBUILD

DISASSEMBLY

• Remove the speedometer drive seal using tool
B.Vi. 905-02. A

• Attach the extractor tool (A) equipped with the
nut (B) and the spacer (D).

• Screw in the tool (A) approximately three to four
turns after it has made contact with the seal so
that the thread (1) enters the rubber.

• Extract the seal by turning the nut (B) while
holding the tool (A).

1
I
i

I
j

)

1

REMOVE:

• The lip seal (6) using tool B.Vi. 465.

F7-8
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FINAL DRIVE REBUILD

DISASSEMBLY

)

1

REMOVE:

- step-down driveshaft (12) using a tool through the
inspection cover for leverage.

- needle bearing (7)

- extract the bearing

- Disassemble step-down drive shaft (12).

Remove parts 12 to 17 (13 and 15 must be removed
on the press).

F7-9



FINAL DRIVE REBUILD
CLEAN AND INSPECT

CLEAN

• All parts with a good grade of cleaning solvent
and dry with compressed air .

• Flush final drive oil cooling lines and replace final
drive oil filter.

WARNING
Always wear safety goggles when working with
compressed air to prevent eye injuries.

INSPECT

Check that the following are in good condition.

- the gear teeth,
- the bearing locating areas
- the planet wheel washers

the splines in the differential housing.

F7-10
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FINAL DRIVE REBUILD
REASSEMBLY

Step-Down drive shaft (12).
12 13

Refit:
- parts 12 to 17 (parts 15 and 13 must be installed

on the press). Make sure pinion (13) is facing the
correct direction.

--I

!
i
]

Output shaft (8)

Mount parts 4 to 6 on part 8. Make sure that pinion
(5) is facing the correct direction.

F7-11



FINAL DRIVE REBUILD

REASSEMBLY

B. Vi. 905'{)2

INSTALL:

• Oil the lip seal (6) and install with tool B.Vi. 465.

Insert:
• The speedometer pinion seal ensuring that it is

facing the correct direction.
• Use tool B.Vi. 905-02.

F7-12

-j
I

!

\

I
\

- \

J

I
J



FINAL DRIVE REBUILD

REASSEMBLY

INSTALL:

• The new speedometer drive pinion (64) and its
shaft (65) check that the pinion clips correctly into
its groove in the shaft).

NOTE:

• The ring gear and pinion are matched.

IMPORTANT

• If one of these parts requires replacement, the
other must also be replaced.

• The same references are marked on both the ring
gear and pinion.
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FINAL DRIVE REBUILD

REASSEMBLY

• Install the bearing (4) on the press with the
reference mark (A) toward the final drive pinion.

• Apply 3 drops of "Loctite®" to the threads in the
nut.

• Hold the pinion vertically in a visewith soft jaws.
Runup the nut (5) and tighten it to a torque of 4
daNm (30 Ib.lft.) using tool B.Vi. 903.

• Turn the bearing by hand then tighten the nut to
a torque of 22 daNm (160 Ib.lft.)

REASSEMBLING THE FINAL DRIVE PINION:

• Install the pinion assembly into the center case.
Install the shimfirst if the gasket/shimset is being
used between the case housings. (Refer to
"Differential/lntermediate Case Gasket", pages
F7-2and F7-3.)

• Mount the gear (7) with its offset toward the
cylindrical roller bearing.

• Install the final drive pinion (3) on the press.

F7-14
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FINAL DRIVE REBUILD

REASSEMBLY

",
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Assemble:
• the cylindrical roller bearings,
• the spring washer (1st type only), ensuring that it

is the correct way round.
• the circlip using tool B.Vi. 902-01.
• ensure that it is located correctly.

1st Type:
• Circlip thickness = 1.5 mm
• Assembly includes spring washer

2nd Type:
• Circlip thickness = 2.0 mm
• Does NOT use spring washer
• Pinion tail shaft is 2 mm shorter
• Groove is located 1.6 mm further ahead and is

widened to 2.5 mm.

F7-15
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FINAL DRIVE REBUILD

REASSEMBLY

• Attach the pressed steel cover (T) with the drain
plug on the opposite side to the filter plug (coat
the gasket with gasket seal compound).

Tighten the bolts to a torque of 1.5 daNm (11 Ib./ft.)

• Install the drain plug with a new sealing ring
when applicable.

DIFFERENTIAL

F7-16
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FINAL DRIVE REBUILD

REASSEMBLY

ADJUSTING BACKLASH

Backlash cannot be measured after the gearbox is
assembled. It must be adjusted when the differential
bearings are mounted.

A

B

(86 mm) Ie

I

i
I

j

: "I

PROCEDURE

Assemble the differential housing and ring gear
using 3 bolts.

Use an accurate calipers to measure dimension A,
the distance between bearing thrust surfaces on
the differential gear assembly. Record this
dimension.
Subtract B (86 mm for all differentials) from
dimension A. The result is dimension C.
Example: If A is 93 mm, then 93 - 86 = 7 mm

- Subtract dimension C from D (7.93 mm for all
differentials) to determine dimension X, which is
the proper backlash adjustment.
Example: 7.93 - 7 = .93 mm backlash

- Select a shim to use between the bearing and
differential housing, which adjusts backlash
closest to dimension X.

- Three thicknesses of shims are available:
- 0.8 mm
- 1.0 mm
• 1.2 mm

In our example, you would choose the 1 mm shim,
which would be only .07 mm over .93 mm. The .8
mm shim would be .13 mm too close.

- Place the proper shim between the bearing and
differential housing.

- Fit the bearings usings a press.
The larger bearing goes on the ring gear end of
the differential assembly.

Mount the ring gear to the differential housing using
new bolts.

Torque tighten the ring gear bolts.

F7-17
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FINAL DRIVE REBUILD

REASSEMBLY

Press the ball bearing on the shaft (34) a few
millimeters at the planetary gear end to center it.

Lift up the assembly to the differential housing
(bearing (34) not being in its working position.)

Coat the half-casing joint faces with an anaerobic
sealer, fit the other half-casing and assemblethem
with several bolts.

Hand tighten these bolts only at this stage.

Mount the differential ring nut with its sealsand its
threads coated with gasket sealer using castellated
wrench B.Vi. 645.

Tighten the right nut until it contactsthe differential
bearing outer race.

Complete the assemblingof ball bearing (34) driving
it on until it touches shoulder (E) in the casing.

Unscrew the differential ring nut one half-turn.

Torque tighten the casing bolts.

Placethe following at the planetary gear end:

the circlip
- and the plastic bushing.

J

\I

I
I
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FINAL DRIVE REBUILD

REASSEMBLY

ADJUSTING DIFFERENTIAL BEARING PRE· LOAD

Rotate the differential assembly to seat the bearings.

Place the tip of the torque measuring tool, B.Vi. 906,
against the outer edge of one tooth ofthe ring gear.

Press against the ring gear tooth to rotate the
differential in the forward direction. (Bearing
roller-to-cage play will give a false reading if rotated
in reverse.)

When the ring gear rotates, remove the tool and
read the torque indicated by the red pointer.

Screw the differential ring nut in or out to obtain a
reading of: 2 to 2.5 daNm

NOTE: The specification 2 to 2.5 daNm represents
the pressure required for ring gear
movement as measured with tool B.Vi. 906,
not the actual torque applied at tool B.Vi.
645.

• Adapter B.Vi. 805 must be used with wrench B.Vi.
645 when removing or replacing a 3-lip seal nut to
avoid damaging the outer lip .

• When the correct adjustment has been obtained,
lock the nut with its locking washer.

\

\

B. Vi. 645
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FINAL DRIVE REBUILD

REASSEMBLY

INSTALL:

• Torque converter seal (27). Use tool B.Vi. 962 - see
page F3-16 for procedure.

7

B. Vi. 962

1

f·····.·.·.··l

r,',

1

• Press the needle bearing as indicated (7) and
recess to a dimension of 37 mm (1.45 in).

• step down drive shaft (12).
• output shaft (8).

F7-20

.j

I

j

I
. J



FINAL DRIVE REBUILD

REASSEMBLY

\.I

Before attachi ng the step-down casing to the
converter/final drive casing, check that locating
dowel (A) and O-ring (28) are in position. Use the
gasket-shim package described on page F7-2.

ATTENTION:
The two bolts under the stator shaft must be coated
with silicone sealant (see page F1-10, item B).
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FINAL DRIVE REBUILD

REASSEMBLY

REASSEMBLING THE SEPARATOR HOUSING

INSTALL:

circlips (3) and (11) with the notches on the same
side.

- bearing (10) using tool B.Vi. 947.

- bearing (2), inserting a piece of strap iron to keep
the circlip open.

Make sure that the circlips are correctly positioned in
the beari ng grooves.

Before attaching the separator housing to the
step-down casing, check that the 2 locating dowels
(B) and (C) are present and install the paper seal (it
must be installed dry).

F7-22
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FINAL DRIVE REBUILD

REASSEMBLY
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IMPORTANT

All the separator housing bolts must be coated with
anaerobic sealer before being installed.

INSTALL:
- washer (28),
- circlip (1) (bringing it under groove (G) to output

shaft (8).

Usetool B.Vi. 959 to position circlip (1) in its groove:

- fit washer (D) from the tool on the circlip,

place crescent piece (E) in the tooling groove (G)
and tighten the three bolts (V) until circlip (1)
enters its groove.

Make sure that (1) is positioned correctly.

Refit:
- circlip (9) using tool B.Vi. 902-01 (keep the output

shaft in position through the inspection cover);
- center housing (26) equipped with its seal (cap

towards the bottom) and its magnet (F).

See Subsection 6 for assembling the gear section
casing to the separator casing.

u=m
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FINAL DRIVE OIL COOLING SYSTEM

All 1987 and later vehicles are equipped with a final
drive oil cooler.

The final drive cooling system consists of seven main
components:

1. an oil-to-water cooler incorporated into the
radiator

2. an electrical oil pump
3. an in-line oil filter assembly
4. a final drive oil thermoswitch
5. oil lines
6. a timer-relay
7. a circuit breaker

Principle of Operation

1. When the fi nal drive oi I reaches 248°F (120°C)
the thermoswitch, mounted into the lower front
of the final drive case, triggers a timer-relay
which turns on the electric oil pump. (Since the
electrical components are connected directly to
the battery through the alternator, this can take
place even while the ignition key is off.)

2. The timer-relay allows the pump to operate for
a minimum cycle of 3 minutes after starting. The
timer-relay is mounted on the EGR Control
bracket behind the driver side headlight. (See
Figure 1.)

3. The oil is circulated from the bottom of the final
drive caseto an in-line oil filter* and the pump
assembly. The filter and pump are located on
the driver side frame rail beside the engine.
*The oil filter is designed for the life of the
vehicle-unless final drive or pump failure occurs.
In this case, the system must be flushed and the
filter replaced.

4. The oil travels from the pump to an oil cooler
incorporated into the radiator and returns to the
final drive case. (See Figure 2.)

Figure 1

I

. i

.~..':..... ]'.'~.

1

'Pipe (A) must always slope upward from
pump inlet to prevent loss of prime.

Figure 2

Oil Cooler
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FINAL DRIVE OIL COOLING SYSTEM

Figure 3

FINAL DRIVE OIL CHANGE

The final drive oil must be replaced periodically according to the intervals listed on the segment of the
Chassis Maintenance Schedule listed below.

Operation
Miles x 100015101520253035404550

Final Drive Oil

RIIRIIRIIRI

Manual Trans. Oil

RIIRIIRIIRI

Auto Trans. Fluid

RIIRIIRIIRI

I = Inspect - add if necessary
R = Replacement required
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FINAL DRIVE Oil COOLING SYSTEM

PROCEDURE

1. Remove the final drive plug and allow adequate
time for the old oil to drain.

2. Reinstall the drain plug.

3. Remove the fill plug and add gear oil until it just
begins to flow back out of the hole. Use only
gear oi I which meets or exceeds API-GL5
standards. The temperature/viscosity
recommendations are as follows:

15°F (-10°C) and above: SAE 80W-90
Below 15°F (-10°C): SAE 75W

4. Reinstall the fill plug.

When replacing a system component only, such as
the differential, radiator, oil line, oil filter or the
pump, the system must be reprimed with oil. Only in
this event, perform these additional steps after
following steps 1·4 above:

NOTE: This procedure should not be performed
unless the temperature of the oil in the
differential is at least 50°F.The pump will not
operate properly due to the thickness of the
oil if the temperature is below this point.

5. Disconnect the black and the violet
thermoswitch leads and briefly "touch" them
together using a test lead or similar wire. The
pump will then operate for a 3-minute cycle.
(The pump will "whine" while operating due to
the greater viscosity of the cooler oil. This is
normal.)

CAUTION
If the pump makes an abnormally shrill, siren-like
noise while operating, check for plugged or
pinched oil lines. If the pump does not stop after 3
minutes, the thermoswitch or the timer-relay may
be faulty.

6. When the pump stops, add the necessary
amount of oil through the final drive fill hole to
bring it up to the required level.

F7-26
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FINAL DRIVE OIL COOLING SYSTEM

ELECTRICAL TROUBLESHOOTING

Figure 5 shows the electrical circuitry for the cooling
system. Figure 6 illustrates the electrical components
and their relative locations on the vehicle.

You will note in the diagram that the pump motor is
grounded through the timer-relay. This means that,
when the system is off, both wires to the pump will
be "hot". When the system turns on, the blue wire
will become the ground connection to the pump.

The thermoswitch is preset to close its contacts at
248°F (120°C). The final drive oil does not normally
reach this temperature except under extreme load or
temperature conditions. If an owner should report
that his pump seemsto never run, it may be due to
light-duty usage of the vehicle by the owner.

Figure 5

~ED·'2GA

BLK· 12GA

VIOLET· 18GA

THERMOSWITCH

"1
I
I

Figure 6 Alternator
Connections
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FINAL DRIVE Oil COOLING SYSTEM

TROUBLESHOOTING

NOTE: Since this system is connected directly to the
battery through the alternator, testing may
be done with the ignition key in the OFF
position. Always disconnect the negative
terminal of the battery while replacing an
electrical component.

The following troubleshooting procedures
assume a final drive oil temperature of 50°F 
120°F.

If the Pump Does Not Run:

1. Disconnect the thermoswitch wires and touch
them together briefly.

2. If the motor runs, the thermoswitch may be
defective.

3. If the motor does not run, check the power
supply connections at the alternator for
corrosion or looseness.

4. If the alternator connections are OK, check the
circuit breaker by making a connection across
the terminals of the circuit breaker.

5. If the pump motor runs, the circuit breaker is
defective. If the motor still does not operate, the
pump motor itself may be faulty.

6. Double check the pump motor by attaching the
red wire to positive voltage and the blue wire to
ground. If the pump does not run, the pump
assembly should be replaced.

If the Pump Keeps Running and Does Not Stop:

1. Disconnect the thermoswitch contacts and wait
3 minutes for the timer-relay to shut the pump
off.

2. If the pump shuts off after 3 minutes, the
thermoswitch is defective.

3. If the pump continues to run after 3 minutes,
the timer-relay is defective.

F7-28
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EXTERNAL SEAL REPLACEMENT

DIFFERENTIAL SEAL

:1

1
,I

REMOVAL:
Drain the final drive case.
Disconnect the transmission shaft at the final drive
end.
Mark the position of the adjusting nut (C) in relation
to the housing.
Remove the locking washer.
Unscrew the nut, counting the number of turns. Use
tools B.Vi. 805 and B.Vi. 645.

Replace either the seal only or the nut/seal assembly.

1st ARRANGEMENT: Seal with 2 lips.

A

-- 1

2nd ARRANGEMENT: Seal with 3 lips

F8-1



EXTERNAL SEAL REPLACEMENT

DIFFERENTIAL SEAL

It is essential to usetool B.Vi. 80S in addition to B.Vi.
645 to remove or refit the nut when the seal is of the
2nd type in order not to damage the outer lip.

Whatever the type of seal, face A must be flush with
the inner face of nut B.

NOTE: The 3 lip seal can be fitted as a replacement
for the 2 lip seal.

B

\

i
J

1.'1'~J

REFiniNG:

Refit the nut, equipped with a new, oiled O-ring,
screwing it in by the number of turns and aligning it
with the marks made during dismantling.

Refit the locking washer.

Reconnect the transmission shaft.

Fill the final drive housing.

NOTE: There are two types of differential nuts. The
O-ring groove is offset.

When replacing a nut, use the same type of
arrangement which was originally fitted.

When replacing the housing, a nut of the second
type must be used.

F8-2

1st Type

24.3 mm

2nd Type

23mm
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EXTERNAL SEAL REPLACEMENT

SPEEDOMETER SHAFT SEAL

The speedometer shaft seal is replaced using tool
B.Vi. 90S which comprises:

• a seal extractor (A) fitted with a nut (B).

- a seal fitting tool (C).

- a thin spacer (D).

- spacer (E) is not used.

B

c
REMOVING

Disconnect the speedometer drive cable from the
gearbox.

A

Fit the extractor tool (A) equipped with nut (B) and
spacer (D).

Screw the tool (A) in by approximately three turns
after it has made contact with the seal so that its
thread (1) penetrates the rubber.

Extract the seal by screwing in the nut (B) while
holding the tool (A).

F8-3
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EXTERNAL SEAL REPLACEMENT

SPEEDOMETER SHAFT SEAL

INSTALLATION

Place the seal on tool (e), ensuring that the seal is
facing the correct way, and tap the end of the tool.

F8-4
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GENERAL INFORMATION

SPECIFICATIONS

The type, suffix and fabrication number are
stamped on a plate secured by a casing bolt.
(See below) Always use this when ordering
replacement parts.

5 forward synchronized speeds:
1st - 2nd - Renault synchro
3rd - 5th Borg-Warner synchro

1

IiI

~ 1
L.}

Oil

Type

Viscosity

Capacity

API-GL 5
or
MIL-L-2105 B or C

Above 32°F (-10°e): SAEBOW-90
Below 32°F (-10°e): SAE75W

Gearbox: 2.6 qts. (2.5 liter)
Final Drive: 1.16 qt. (1.1 liter)

- The clutch shaft oil seal can only be removed after
the gearbox has been removed and opened.

The hubs are free-turning on the secondary shaft
and limited in sliding movement by snap rings.

- The pinion protrusion cannot be adjusted.

- Adjustment of the ring gear and pinion backlash
and differential bearing pre-load are unique to
this type of gearbox. (See page G3-22.)
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GENERAL INFORMATION
SPECIFICATIONS

IMPORTANT
The following parts must be changed routinely
whenever a gearbox is overhauled:
- all paper gaskets
- all lip-type oil seals
- roll pins
- speedo drive worm gear
- all circlips and snap rings.

G1-2
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GENERAL INFORMATION

TORQUE SPECIFICATIONS

NLS

G1-3

22 ft. Ibs.

(3.0 daNm)

162 ft. Ibs.

(22 daNm)
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GENERAL INFORMATION
EXPLODED VIEWS

5 daNm (36Ib.lft.)

3 daNm (22 Ib.lft,)

} 1

:1

n
, 1

, i

Bearing nut on final drive piston
Ring gear bolts
Half housing bolts: 8 mm
Half housing bolts: 10 mm
Bolts securing clutch housing to

step down housi ng
Step-down housi ng cover bolts

22 daNm (162 Ib./ft.)
12.5 daNm (92 Ib./ft.)

3 daNm (22 Ib./ft.)
5 daNm (36 Ib./ft.)

3 daNm (22 Ib./ft.)
1.5 daNm (11 Ib./ft.)

, !
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GENERAL INFORMATION
SPECIFICATIONS

1

I

Il
I

21

1. Final drive housing
2. Sleeve
3. Boot
4. Bolt
5. Washer
6. Alignment dowel
7. Bolt
8. Bolt
9. Bolt

10. Washer
11. O-Ring
12. Washer
13. Clip

I
I
2 5 26

19
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I I I I 68 10 10 7 9 5

14. Bolt
15. Washer
16. Vent
17. Cover
18. Bolt
19. Bolt
20. Washer
21. Cover
22. Bolt
23. Washer
24. Fill or drain plug
25. Seal
26. Bolt



GENERAL INFORMATION

SPECIFICATIONS

I

\
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1
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9 17 27

10 202 32126 5 3
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13 1/. 19 18 12 112928

1. Transmission housing 16.Cover
2.

Center housing 17.Bolt
3.

Bushing 18.Seal Ring
4.

Seal 19.Drain plug
S.

AI ignment dowel 20.Fill plug
6.

Bolt 21.Plug
7.

Bolt 22.Cover
8.

Bolt 23.Gasket
9.

Washer 24.Bolt
10.

Magnet 25.Washer
11.

Gasket 26.Plug
12.

Cover 27.Plug
13.

Bolt 28.Plug
14.

Washer 29.Alignment dowel
1S.

Vent

Gl-6
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GENERAL INFORMATION
SPECIFICATIONS

1

3

13---
14----

84632

1.Crown wheel 13.Planet wheel
2.

Differential housing 14.Cup
3.

Final drive pinion 15.Sun wheel
4.

Double taper roller bearing 16.Washer
I

5.Nut 17.Backlash adjusting shimI , 6.Lip seal 18.Taper roller bearing~ J
7.

Step down gear 19.Lip seal
8.

Bearing 20.Ball race
9.

Spring washer 21.Circlip
10.

Circlip 22.Plastic ring
11.

Short sun wheel 23.Taper roller bearing
12.

Planet wheel shaft 24.O-ring

G1-7



GENERAL IN FOR

SPECIFICATI~':;TION
i

)

, J

25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.

Clutch shaft

P~imary shaft
Circlip

R~lIer bearin
Lip seal g
Snap ring
Reverse shaft

Speedometer d '
Circlip rive worm
Bearing
Shouldered
Secondary s~~her
Step down
Circlip gear
Splined washer
1st speed
S gearynchronizer s '
Synchronizer pring (Renault)
1st/2nd hub .rls7~,(Renault)
2nd speed Idlng gear
3 d gearr speed gear

46. Sy h '
4 nc ronlzer .
~. ~rd/4th hub -'~~~i(Borg Warner)
49' ynchronizer r II ng gear
50' Synchronizer rOller spring· 4th 0 er
51 W speed gear
52' asher· Ball race
53. Circlip
54. 5 ht speed f
55. Thrust Ixed gear
56. 5th washer
57 N speed ring
58' eedle race· 5th speed 'd
59. Synchron' I Ie gear
60. 5th Izer spring
6 speed s1. 5th speed ynchronizer hub
62 S' synchro '
63' p~rlng washer nlzer • sliding gear· rlmary h
64 S s aft nut
6' peedometer d ' .
6~' Speedometer/ve pinion.· Lip seal rive pinion shaft

G1·8
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GENERAL INFORMATION

SPECIFICATIONS

67. 1st/2nd speed fork shaft
68. 1st/2nd speed shift fork
69. 3rd/4th speek fork shaft
70. 3rd/4th speed shift fork
71. 3rd/4th speed lever
72. 1st/2nd speed shaft piungers
73. Plunger between 1st/2nd and reverse shafts
74. Plunger between 1st/2nd and 3rd/4th shafts
75. Interlocks
76. 5th speed fork shaft
77. 5th speed shift fork
78. Reverse sleeve

79. Circlip
80. Reverse lever
81. Selector control shaft
82. Selector lever
83. Plastic ring
84. Shift shaft spring
85. Half shells
86. Shift shaft bushing
87. Lip seal
88. Ring
89. Boot
90. Pins

G1-9



GENERAL INFORMATION
SPECIFICATIONS

91.
92.
93.
94.
95.
96.
97.
98.
99.

100.
101.

l...... _ '-- -,

Flexible coupling
Locati ng bolt
Gearbox output flange
Rear housing
Output shaft
Engagement sliding gear
Circlip
Engagement drive gear
Needle race
Lip seal
Output shaft bearing

102.
103.
104.
105.
106.
107.
108.
109.
o
*

G1-10
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Circlip
Locking ball on engagement control shaft
Engagement control shaft
Engagement control fork
Engagement fork pin
Lip seal
Boot
Washer
Control lever.
"Loetite RENBLOC"
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GENERAL INFORMATION
SPECIAL TOOLS

(;;;•••••;;===~=;;;;;;ojl
----~)
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Ele. 22-01

End fitting for extracting alternator bearing
(Use with tool B.Vi. 28-01)

Order Tool No. 700013-31-001

Order Tool No. 700013-30-300 Set

,
~""",~

B.VI.28-01

B.VI.606

Set of drifts for extracting and
inserting 6 mm dia. roll pins

Order Tool No. 700000-60-600

B.VI31-01

Set

Bearing extractor with jaws 146 mm long
Order Tool No. 700012-27-301 EA

Set of three drifts for 5 mm dia. roll pins
Order Tool No. 700012-59-401 Set

\

J

Mot. 593

Engine,/Gearbox drainplug wrench
Order Tool No. 700000-59-300 EA

G1-11

B.VI.906

Torque meter for measuring
differential bearing preload

Order Tool No. 700000-90-600 EA



GENERAL INFORMATION
SPECIAL TOOLS

B.VI.805
B.VI.645

Castellated differential nut wrench
Order Tool No. 700000-64-500 EA

Differential nut wrench adapter
(For 3-lip seal nut)

Order Tool No. 700000-80-500 EA

B.V\. 526

-'I
I

. 1

j

'OJ

j

I

"

, I

B.VI.903

Extracting and inserting tool for input shaft
and output shaft circlip

Order Tool No. 700000-90-201 EA

B.VI.747

II

Clutch shaft oil seal inserting and protecting tool
Order Tool No. 700000-52-600 EA

Selector spring dismantling and re-assembly tool
Order Tool No. 700000-74-700 EA

Wrench 58 mm for driving pinion nut
Order Tool No. 700000-90-300 EA
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GENERAL INFORMATION
SPECIAL TOOLS

I
\...~~----:.,

~

T.Av.476

Tool for extracting ball joint
Order Tool No. 700000-47-600 EA

T.Av.801

Tool for extracting drive shaft and hub
Order Tool No. 700000-60-100 EA

T.Av.802

Drive shaft inserting tool
Order Tool No. 700000-60-200 EA

B.VI.905-02

Tools for replacing the speedometer
drive shaft seal

Order Tool No. 700000-90-502 EA

B.VI.949

Tool for removing and refitting the shift
fork shaft spring pins

Order Tool No. 700000-94-900 EA
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GENERAL INFORMATION
SPECIAL TOOLS

Emb.1075
Emb.880

Extractor (slide hammer)
Order Tool No. 700000-88-000 EA

Input shaft extractor kit
(For use with tool Emb. 880)

Order Tool No. 700001-07-500 EA }
'.J

,

j

I
,I
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GENERAL INFORMATION

SPECIAL FEATURES

r\ ,

Starter Mount/Clutch Housing Cracks
CAUTION

Incorrect mounting of the starter can cause cracks to
develop in the clutch housing near the starter
mounting plate.

The starter must be completely removed from the
unit any time the engine or gearbox are removed.
NEVERleave the starter attached by the two (2) rear
mounting bolts. This may cause the bolts to bend and
become distorted.

A starter with distorted or improperly positioned
rear mounting bolts may cause the clutch housing to
crack due to vibration at high engine R.P.M.'s.

When remounting a starter, ALWAYS tighten the
rear mounting bolts before the front mounting bolts.
(See illustration.)

1. Area or possible crack
2. Starter mounting bolts· Front
3. Starter mounting bolts· Rear

G1-15



GENERAL INFORMATION

SPECIAL FEATURES

GENERAL INFORMATION
Anaerobic Sealant

Assembly of gearbox and transmission cases may
require use of a special type of silicone sealant
known as anaerobic sealer. This compound is used as
a gasket material in specified applications.

In each application which specifies anaerobic sealant,
we recommend using Loctite@ "518" or "515", or
NAPAIBalkamp@Part No. 765-1189, or an equivalent
anaerobic sealant.

CAUTION
Do not substitute anaerobic sealer with RTV
silicone sealant or other adhesive gasket materials.
These do not possessthe heat-resistant properties
required to affect a durable seal.

Improper sealing could allow fluid leakage,
resulting in serious mechanical damage.

G1-16



REMOVAL AND INSTALLATION

I

The gearbox must be removed from below using a
floor jack or transmission jack.

Tightening Torques
Wheel Nuts: 12 daNm (90 Ib./ft.)
Shock Absorber Bottom Bolts: 8 daNm (60 Ib./ft.)
Steering Arm Ball Joint Nut 3.5 daNm (26 Ib.lft.)

REMOVAL

Support vehicle under engine supporting
cross-member so the road wheels are off the ground
and front suspension is at the relaxed end of its
travel.

Remove or Disconnect
- Battery

Transmission and final drive fluids (drain)
Front wheels
Bottom 4 front strut bolts
Steering rack connections to stub axle carriers
Steering rack (mark the location)
Drive shaft roll pins (using drift B.Vi. 606)

Tilt stub axle carriers outward while removing drive
axles from final drive and position out of the way.

- Back-up light wires
- Speedometer cable (by squeezing the plastic end

together and pulling)
Shift lever - prop aside
Clutch release cable
Long rear mount bolt

- Rear mount holders on crossmember behind rear
mount
Rear mount from transmission - set cable aside
Lower air scoop
Lower flywheel cover behind engine oil pan

Place transmission jack in position and secure. (Make
certain the assembly is evenly balanced.)
- Gearbox Engine support stay-bolts (1 long bolt

through bell housing on left and 2 small bolts on
right ahead of final drive housing)

- Clutch housing bolts (shown at right)
- Starter (3 bolts)

G2-1



REMOVAL AND INSTALLATION

Typical
Jacking

Arrangements

)

Remove and lower the gearbox.

NOTE: Fabricate a "U" bracket (A) to the dimensions
shown at right to support the rear of the
gearbox.

REASSEMBLY

Reassembly can be made easier by using 2 studs
(G) to guide the gearbox into position.
Grease should be smeared on the clutch shaft
splines and planetary gear splines.

_ Make sure that the alignment dowels (D) are in
place and the starter dowel (5) is also in place
before reinstallation.
Install in reverse order of removal.
Fill both final drive and transmission with the
proper type and level of oil.
Check front wheel and steering wheel alignment
Check clutch operation

IMPORTANT
Make sure safety cable is installed properly and is not
rubbing on power steering lines. Tie up if needed.

G2-2
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5-SPEED GEARBOX

DISASSEMBL Y

,I

TYPE "Nl" 5-SPEED TRANSMISSIONS

DISASSEMBl Y

- Remove the detent ball assembly (8) from the 5th
speed shaft.

- Remove the bolts from the 5th gear rear case, and
separate it from the main case.

G3-1

B. Vi. 747

82432

...,IIIIII



5-SPEED GEARBOX

DISASSEMBLY

- Simultaneously remove the fork, the 5th speed
sliding gear and the Reverse lever assembly.

- Place the sliding gear back onto the shaft, then
engage 5th gear and Reverseat the same time to
lock the primary shaft in place.
Remove the nut and washer from the primary
shaft.

- Pull the 5th gear hub using tool HB.Vi. 28-01 with
long jaws.

- Remove the following parts:
- Synchronizer ring (46)
- 5th speed idle gear (58)

Needle bearing race (57) - Be careful not to lose
bearing

- Bushing (56)
Thrust washer (55)

.62

rl

l.1
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5-SPEED GEARBOX

DISASSEMBL Y

-\

I
I

- Remove the circlip (P) from the 5th speed
secondary shaft. Use a pair of flat-nosed pliers to
keep the circlip from twisting.

- Usetool #B.Vi. 28-01 with long jaws #B.Vi. 10-07
to pull the 5th speed fixed gear. Place tool #Ele
22-01 on the gear hub as shown to avoid damage.

B.Vi.28-01

G3-3

IB.Vi.28.0~
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5-SPEED GEARBOX

DISASSEMBLY

- Shift the transmission into 4th gear. Then remove
the roll pin connecting the "dogleg" (71) to the
3rd/4th gear shaft using tool #B.Vi. 31-01.

1

I J

Remove :

The locking assemblies (V).
The three springs are identical.

- Remove the three detent assemblies. Be careful to
return the piston and balls to their proper
locations when reassembling transmission. The
piston should be located on the reverse rod. The
springs, however, are interchangeable.

G3-4
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5-SPEED GEARBOX

DISASSEMBL Y

'I

- Remove the bolts from the main gear case and
separate the cases.

- Remove the roll pin from the 3rd/4th gear fork
(70) with tool #B.Vi. 949.

- Remove the roll pin from the 1st/2nd gear fork
(68) with tool B.Vi. 949.

- Make sure the 1st/2nd fork shaft (67) and Reverse
shaft are both in the neutral position.

- Remove the 3rd/4th shaft (69) and fork assembly
(70).

~~~-
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5-SPEED GEARBOX
DISASSEMBLY

Be sure that the Reverse shaft (31) is in neutral.
- Remove the 1st/2nd shaft and fork assembly (67,

68). Be sure not to lose the lock-out plungers (72)
from the shaft.

- Push lock-out plunger (73) toward the 1st/2nd
shaft bore to remove the Reverse shaft.

- Pull simultaneously on the three gear shafts
(primary, secondary and reverse) and remove
them.

- Hold the secondary shaft vertically, with the 1st
speed at the bottom to prevent the gears from
falling off. (Or wrap tape around the open end of
the shaft to provide a "stop".)

- Retrieve the lock-out plunger (74) and magnet
from inside the case, and clean them thoroughly
before assembly.

G3-6
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5-SPEED GEARBOX

GEAR DISASSEMBLY/REASSEMBLY

GEAR DISASSEMBLY

- Grip the secondary shaft by the step-down gear
(37) in a soft-jaw vise, and remove all the gears.

- Match mark the positions of the hubs (M) with the
sliding gears (8).

Release the secondary shaft from the vise and
remove the circlip (33L bearing (34), washer (35)
and step-down gear (37) from the shaft.

B

M

72877

GEAR ASSEMBLY

All circlips must be replaced with new ones.
- When installing circlips, use circlip pliers to open

the ends, and flat-nosed pliers on the opposite
side to keep the circlip from twisting.

Special features :

There are two types of bearing assembly
at the step down gear end :

NOTE: Two types of bearing assemblies are used at
the step-down gear end of the shaft. Make
note of which type you have and reassemble
as shown.

NOTE: The step-down gear must be bonded to the
shaft with Loetite@ when reassembling.

1st Arrangement

With a spring
washer (R) and
a circlip 1.5 mm
thick.

2nd Arrangement

Without the spring
washer (R).
With only a circlip
2 mm thick.

The groove has been
moved by 1.5 mm and
widened to 2.5 mm

G3-7



5-SPEED GEARBOX

GEAR DISASSEMBLY/REASSEMBLY

- Reattach the following parts to the secondary
shaft:
- Circlip (33)

Step-down gear (37) - Be sure that the shoulder
(A) is on the correct side.
Washer (35) - The large bearing surface should
face the step-down gear.
Bearing (and spring washer, if equipped).
Circlip (33) - Usetool #B.Vi. 902-01 if necessary.

- Be sure the circlip is correctly located in its groove
in the secondary shaft.

- Reassemble the gears in reverse order of removal.
Oil each gear and synchronizer ring as you
reassemble them.

- Fit the synchronizer springs to the 1st and 2nd
gears with their ends folded into the cutouts in
the gears.

- Be sure the synchronizer gear assemblies are
facing the right direction.
The beveled side of the teeth on the 1st/2nd
synchronizer gear should face 2nd gear.

1st

2nd

84439
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5-SPEED GEARBOX
REASSEMBLY

TRANSMISSION REASSEMBLY

Reassemble the gears and transmission in reverse
order of disassembly.

G3-9



REBUILD

DISASSEMBLY

Dismantling:
• Free the clutch-final drive housing from the step

down housing.
• Mark the position of the differential nut. Remove

the final drive half housing.

• Take out the differential
• Remove the ring gear bolts (they are self-locking

bolts that cannot be re-used). Leave two in place,
diametrically opposite to one another.

• Extract the three bearings using special tools B.Vi.
28-01 and B.Vi. 48.

G3-10
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B.Vi. 48
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• Remove parts 11 to 16.

REMOVING THE FINAL DRIVE PINION
Remove:
• circlip (10),
• pressed steel cover (T).

REBUILD

DISASSEMBLY

~

• Push out the pinion on the press.

G3-11



REBUILD

DISASSEMBLY

• Unlock the nut (5) and remove it with tool B.Vi.
903 .

• Using Tools B.Vi. 28-01 and B.Vi. 48, extract the
pinion bearing (4).

REMOVE:

• The speedometer drive pinion (64) and its shaft
(65).

• Spread the lugs (C) that secure the pinion to the
shaft.

• Remove the shaft.
• The pinion must be replaced with a new one each

time it is removed.

G3-12

-I
i
I

_I

. 1

J

1

J

1
i

J

- I
\
J

I
J



t\

REBUILD

DISASSEMBL Y

• Take out the speedometer drive seal using tool
B.Vi. 905-02.

• Fit the extractor tool (A) equipped with the nut (B)
and the spacer (D).

• Screw in the tool (A) by approximately three to
four turns after it has made contact with the seal
so that the thread (1) enters the rubber.

• Extract the seal by turning the nut (B) while
holding the tool (A).

A B 0

J
REMOVE:

• The lip seal (6) using tool S.vi. 465.

G3·13



REBUILD
CLEAN AND INSPECT

CLEAN

• All parts with a good grade of cleaning solvent
and dry with compressedair.

WARNING
Always wear safety goggles when working with
compressedair to prevent eye injuries.

INSPECT:

Check that the following are in good condition:
- the gear teeth

the bearing locating areas
the planet wheel washers
the splines in the differential housing
the shift forks
synchronizer teeth and parts

G3-14
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REBUILD

FINAL DRIVE ASSEMBLY

CLUTCH HOUSING THRUST BEARING TUBE
Place the unhardened section of the tube (white)
into the housing and push it in to obtain the
dimension (L) shown at right.

72mm L

1

"1

I
;

INSTALL:

• Oil the lip seal (6) and install it with tool B.Vi. 465.

REFIT:

• The speedometer pinion seal ensuring that it is
facing the correct direction.

• Use tool B.Vi. 905-02.

B. Vi. 905~2
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FINAL DRIVE ASSEMBLY

INSTALL:

• The new speedometer drive pinion (64) and its
shaft (65) check that the pinion clips correctly into
its groove in the shaft.

NOTE:

• The ring gear and pinion are matched.
• The same references are marked on both the ring

gear and pinion.

IMPORTANT

• If one of these parts requires replacing, the other
must also be replaced.

G3-16
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REBUILD

FINAL DRIVE ASSEMBLY

1

, 1

• Fit the bearing (4) on the presswith the reference
mark (A) towards the final drive pinion.

• Apply 3 drops of Loctite® threadlocker to the
threads in the nut.

• Hold the pinion vertically, spin the nut up (5) and
tighten it to a torque of 4 daNm (30 Ib.lft.) using
tool a.Vi. 903.

• Turn the bearing by hand then tighten the nut to
a torque of 22 daNm (162 Ib.lft.)

REFiniNG THE FINAL DRIVE PINION:

• Install the gear (7) with its offset towards the
cylindrical roller bearing.

• Fit the final drive pinion (3) on the press.

G3-17
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FINAL DRIVE ASSEMBLY

REFIT:

• cylindrical roller bearings,
• spring washer (1st arrangement only), ensuring

that it faces the correct direction,
• circlip (10) using tool B.Vi. 902,
• Ensure that it locates correctly.

"1
I

II

]

1

" 1
L
i,L

]

1st Type
• Circlip thickness = 1.5 mm
• Assembly includes spring washer.

2nd Type
• Circlip thickness = 2.0 mm
• NO spring washer used
• Pinion tail shaft is 2 mm shorter
• Groove is located 1.6 mm further ahead and is

widened to 2.5 mm.

1st Type

G3-18
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REBUILD

FINAL DRIVE ASSEMBLY

• Fit the pressed steel cover (T) with the drain plug
on the opposite side to the filler plug (coat the
gasket with gasket seal compound.)

• Tighten the bolts to a torque of 1.5 daNm (11
Ib.lft.)

• Install the drain plug with a new sealing ring.

DIFFERENTIAL

G3-19



FINAL DRIVE REBUILD

REASSEMBLY

1

)

J

LJ

7.93 mm

A

86 mm

~1l )

PROCEDURE

Assemble the differential housing and ring gear
using 3 bolts.

Backlash cannot be measured after the gearbox is
assembled. It must be adjusted when the differential
bearings are mounted.

ADJUSTING BACKLASH

Use an accurate calipers to measure dimension A,
the distance between bearing thrust surfaces on
the differential gear assembly. Record this
dimension.

- Subtract B (86 mm for all differentials) from
dimension A. The result is dimension C.
Example: If A is 93 mm, then 93 - 86 = 7 mm

- Subtract dimension C from D (7.93 mm for all
differentials) to determine dimension X, which is
the proper backlash adjustment.
Example: 7.93 - 7 = .93 mm backlash

- Select a shim to use between the bearing and
differential housing, which adjusts backlash
closest to dimension X.
Three thicknesses of shims are available:
- 0.8 mm
- 1.0 mm
- 1.2 mm

In our example, you would choose the 1 mm shim,
which would be only .07 mm over .93 mm. The .8
mm shim would be .13 mm too close.

- Place the proper shim between the bearing and
differential housing.

- Fit the bearings using a press.
The larger bearing (23) goes on the ring gear end
of the differential assembly.

1 J

, I
: I

18

23

6o,sS2-1
.. J
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FINAL DRIVE REBUILD

REASSEMBLY

I

Mount the ring gear to the differential housing using
new bolts.

Torque tighten the ring gear bolts. (See G1-4)

Press the ball bearing onto the shaft (34) a few
millimeters at the planetary gear end to center it.

Lift up the assembly to the differential housing
(bearing (34) not being in its working position.)

Coat the half-casing joint faces with anaerobic
sealer, fit the other half-casing and assemble them
with several bolts.

Hand tighten these bolts only at this stage.

Mount the differential ring nut (with its seal and its
threads coated with gasket sealer) using castellated
wrench a.Vi. 645.

Tighten the ring nut until it contacts the differential
bearing outer track ring.

Complete the assembling of ball bearing (34) driving
it on until it touches shoulder (E) in the casing.

Unscrew the differential ring nut one half-turn.

Torque tighten the casing bolts. (See G1-4)

Place the following at the planetary gear end:
- circlip
- plastic bushing

G3-21
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REBUILD
FINAL DRIVE ASSEMBLY

ADJUSTING DIFFERENTIAL BEARING PRE-LOAD

Rotate the differential assembly to settle the
bearings.

Ensurethat the differential bearings locate correctly
by turning the assembly.

Placethe plunger on the torque measuring tool B.Vi.
906 against one tooth of the ring gear at its largest
diameter, square with the differential shaft.

Using the torque measuring tool B.Vi. 906, press a
ring gear tooth to rotate the differential slightly in
the same direction as the bearing was installed.
(Bearing roller-to-cage play will give a false reading
if rotated in the opposite direction.)

Release the torque measuring tool and read the
torque shown by the follow-up pointer (Red).

Screw the differential ring nut in or out to obtain a
reading of: 2 to 2.5 daNm.

NOTE: The specification 2 to 2.5 daNm represents
the pressure required for crown wheel
movement as measured with tool B.Vi. 906;
NOT the actual torque applied at tool B.Vi.
645.

• Adapter B.Vi. 805 must be used with wrench B.Vi.
645 when removing or replacing a 3-lip seal nut to
avoid damaging the outer lip.

• When the correct adjustment has been obtained,
lock the nut with its locking washer.

G3-22
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PRIMARY SHAFT ASSEMBLY

EM

27

~2.

25

NOTE: The bearing (28) has no inner race. The
rollers may possibly fall out when removing.

Since the lip seal and the bearing rollers run
directly on the shaft, check the condition of
their bearing area. If it is scored or appears
defective, replace the primary shaft.

Replace the circlips (27) with new ones each time
they are removed.

• Damage to seal (E) can be avoided by installing
the primary shaft before attaching the clutch
shaft.

Type 2:
• The connecting sleeve (M) is press fit onto the

clutch shaft (2S) and is circlipped to the primary
shaft (26) using a round-wire, pentagonal circlip as
shown at right.

Type 1:
• The cIutch shaft and primary shaft are one piece.

• The clutch housing must be removed to replace
the cIutch shaft.

Type 3:
• The primary shaft and clutch shaft are designed to

use a square-wire, pentagonal circlip as shown at
right, rather than a round-wire type.

I

1
II
I

CAUTION
Parts from types 1, 2 and 3 are not
interchangea ble.

Type 2 Circlip
(Round-wire)

Type 3 Circlip
(Square-wire)

G3-23
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PRIMARY SHAFT ASSEMBLY

Profile of

clip groove
for primary
shaft

2nd type of assembly 3rd type of assembly

r
r

-j

Outer 0 of
sleeve x = 27.5 mm

x
__""",, ~_-:1
tr~.... la' 1 I_.. .~~

t
x = 28.5 mm

Special points These parts can only be fitted with
the circlip with the round cross-sec
tion.

G3-24

The modified parts can only be
fitted with a circlip having a square
cross-section.

NOTE:
The circlip with a square cross
section must be replaced systema
tically each time it is removed.
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PRIMARY SHAFT ASSEMBLY

'-.-.1I

The clutch shaft is removed and the pentagonal
circlip fitted in the sleeve using tools Emb. 880 and
part "B" of tool Emb. 1075.

REMOVAL

Fit part liB" of Tool Emb. 1075, which matches the
shaft diameter, and tighten it on the splines.

Screw tool Emb. 880 onto this tool and remove the
shaft.

"-I
i

,

The pentagonal circlip with a square cross-section
must be replaced with a new one after each
dismantling operation.

Using a small screwdriver and pliers, take the circlip
out of the sleeve.

Refitting
Fit the pentagonal circlip in the sleeve using tool
Emb. 1075.

G3-25
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REBUILD
PRIMARY SHAFT ASSEMBLY

Using a small hammer, mount the clutch shaft on the
primary shaft.

CAUTION
Use the hammer gently. A heavy impact could
break the circlip.

If there is a slight axial clearance, this indicates that
the circlip is clipped correctly in place in the primary
shaft groove.

G3-26
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REBUILD
PRIMARY SHAFT ASSEMBLY

}

REASSEMBLY

All the circlips must be replaced with new ones.

When refitting the circlips, use a pair of circlip pliers
to open the ends and a pair of flat nosed pliers on
the opposite side to prevent the circlip from twisting.

There are two types of bearing assembly at the step
down gear end:

1st Type:
• Circlip thickness = 1.5 mm
• Assembly includes spring washer (R).

2nd Type:
• Circlip thickness = 2.0 mm
• Spring washer (R) is NOT used.
• Groove is located 1.5 mm further ahead and is

widened to 2.5 mm.

G3-27
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REBUILD

SECONDARY SHAFT ASSEMBLY

Different arrangements of the bearing on the step
down gear side and the 4th speed side.

1st Type:
• Circlip thickness = 1.5 mm
• Assembly includes spring washer (R).

2nd Type:
• Circlip thickness = 2.0 mm
• Does NOT use spring washer (R).
• Groove is located 1.5 mm further ahead and is

widened to 2.5 mm

This modification has been accompanied by the
widening of the groove and the bearing retaining
circlip on the 4th speed side (thickness 2 mm). The
spring washer has been replaced by a flat washer.

Installing the Step-Down Gear onto the Secondary
Shaft
The original step-down gear may have been bonded
to the shaft with Loctite0 adhesive. The replacement
step-down gear, however, is designed to be press fit
onto the shaft.

Step-Down Gear Thickness
The standard step-down gear thickness is 22.9 mm.

A limited number of NL gearboxes were produced
with a 21.4 mm gear and a spline washer between
the gear and the circlip.

Replacing a 21.4 mm Step-Down Gear
Should it be necessary to replace a 21.4 mm
step-down gear, remove the spline washer and
replace the gear with a standard 22.9 mm gear.

G3-28
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REBUILD

SECONDARY SHAFT ASSEMBLY

--)

'-I

REASSEMBL Y:
Install or Connect:
• The circlip (33).
• The step down gear (37), ensuring that the

shoulder (A) is on the correct side.
• The washer (35) with the large flat face on the

step down gear side. The shouldered face goes
toward the bearing (34).

• The bearing (and the spring washer, in those cases
where one is fitted).

• The circlip (33) using tool B.Vi. 902-01 if necessary.

• Ensure that the circlip is correctly located in its
groove in the secondary shaft.

• Refit the gear wheels by performing the removal
sequence in reverse and oiling the gear wheels
and synchornizer rings.

• Fit the synchronizer springs to the 1st and 2nd
gear wheels with their ends folded into the
apertures in the gears.
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REBUILD

SECONDARY SHAFT ASSEMBLY

• Ensure that the hub-sliding gear assemblies face
the correct direction .

• 1st - 2nd : sliding gear chamfer towards 2nd.

3rd - 4th : Reverse gear teeth towards 4th.

: There are three types of synchronizer hub
arrangements

G3-30
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SECONDARY SHAFT ASSEMBLY

SECONDARY SHAFT

3rd/4th Synchronizer Hub Installation

.-!

':1

1st Arrangement
X = 48.5 mm

¥

x

1. Hub recess
2. Roller spring
3. Circlip
4. Splined washer

2nd Arrangement
Y = 33.5 mm

. )

The synchronizer assembly parts are identical
except for two different versions of the secondary
shaft (S). On the 1st type, the groove is located 48.5
mm from the gear as indicated by dimension X. On
the 2nd type, the groove is closer to the gear (33.5
mm) as indicated by dimension Y. This variation
results in two different assembly arrangements as
shown.

Note the position of the synchronizer roller and
spring in the relation to the hub and the location of
the circlip and washer in relation to the reverse
gear.

Only the 1st speed gear from the "2nd
arrangement" can be used regardless of the
original arrangement. There can be an axial
clearance of approximately 2 mm in the case of a
secondary shaft of the "1 st arrangement" type.

• • 10

1st Arrangement

Circlip:
Spl ined washer:

,.9 mm
'.5 mm

2nd Arrangement

Circlip:
Splined washer:

U 2.1 J.' 2.1
.... - ~ -:-

2.8mm
2.2mm
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SECONDARY SHAFT ASSEMBLY

REASSEMBLY:

Special Features:
All the parts are identical except for dimensions X
and Y on the secondary shaft.

1st arrangement X = 48.5 mm

2nd arrangement Y = 33.5 mm

Ensure that the synchronizer roller springs face the
correct direction.

x

> 1I

-
The locking tabs must be on the same side as the
circlip.

The washer must be installed with the large bearing
face towards the 4th speed gear.

G3-32
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SECONDARY SHAFT ASSEMBLY

NOTE: In all NL gearboxes, the "Z-shaped"
BORG-WARNER(3rd/4th speed) synchro roller
springs used to date have now been replaced
in production by "heart-shaped" springs.

1 : 1st type of assembly ("Z" shape)
2 : 2nd type of assembly (heart-shaped)

The inlet recess chamfer (E) of 3rd and 4th speed
idler synchro cones has been redesigned to
accommodate the new shape roller spring. The new
springs can only be used with the new design idler
gears. They will not work with old design idler gears.

I·

I

l

I E
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SECONDARY SHAFT ASSEMBLY

1st TYPE OF ASSEMBLY

The 45° inlet chamfer "E" for the recess under the
synchro cone can only be fitted with a "Z-shaped"
spring.

45·

Remember: Make sure the synchro roller "Z-shaped"
springs are mounted the correct direction : locking
the tabs fitted at the lock ring end.

\ I

nI

JI

20·

2nd TYPE OF ASSEMBLY

Special Point: idler gears with a 20° inlet chamfer
"E" can be fitted either with "heart-shaped" or
"Z-shaped" springs. However, different shaped
springs must not be used on the same synchro
assembly.

Make sure the "heart-shaped" springs are fitted
correctly with the flat section fitted at the synchro
hub end.

G3-34
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FINAL ASSEMBLY

1

J

Reassembly:
• Place the locking balls in the housing :
• Between the reverse shaft and 1st/2nd shaft bores

(73).
• Between the 1st/2nd and 3rd/4th shaft bores (74).
• Ensure that they slide correctly.
• Refit the shafts to the step down housing.

• Precautions: To avoid damaging the lip on the
primary shaft seal, carefully guide the clutch shaft
to prevent its splines or sleeve from making
contact with the Iip on the seal.

1st arrangement:
• The clutch shaft is integral with the primary shaft.

2nd arrangement:
• A coupling flange (M) is press fitted to the clutch

shaft (25) and is clipped to the primary shaft (26).
• The two shafts are assembled after fitting the

primary shaft to avoid damaging the lip seal (E).
See page G3·26;

• Fit the speedometer worm to the secondary shaft.
• Connect the primary shaft to the secondary shaft.

Take both the shafts and position them in their
housings simultaneously.

• Fit the reverse shaft with locking recessesopposite
the shafts.

• Turn the speedometer pinion and tap the three
shafts with a plastic mallet until they align into
their correct positions.

• Place a cloth under the step down gears to prevent
any parts from falling into the housing.

G3-35
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FINAL ASSEMBLY

REASSEMBLY:

• Fit the 1st/2nd shift fork (with the flat face of the
fork on the 1st speed side).

• Slide the large locking plunger up to the reverse
shaft and ensure that the shaft is locked.

• Insert the 1st/2nd fork shaft, with the small
locking plunger (72) into the fork and lower it into
the bore in the housing. Pin the fork using tool
B.Vi. 949 with the locking recessesin the fork shaft
opposite the secondary shaft.

NOTE:

1 - The seams in the pins must line up with the shaft
centerline.

2 - These pins must be replaced with new ones each
time they are removed.

Shaft Centerline

)

1

1
I

_..I

• Fit the 3rd/4th speed fork (flat face towards 4th
speed) on the sliding gear. Ensure that the reverse
shaft and 1st/2nd fork shaft are locked. Slide the
3rd/4th fork shaft into the fork and lower it into
the housing. Ensure that the bore recesseson the
shaft are opposite the secondary shaft and that
the plunger (74) is in position. (See G3-35) Pin the
fork in place using tool B.Vi. 949.

G3-36
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FINAL ASSEMBLY

In the main housing:

• Fit the two interlocks (75) between the fork shaft
bores:

- 1st/2nd and 3rd/4th

Replacing the bearings
1st arrangement: thickness: 17 mm
2nd arrangement: thickness: 17.5 mm

When replacing a bearing, it must be identical to
the one removed.

Removing:
• Remove the circlips and push out the bearings

with a tube from inside the housing.

Refitting:
• Fit the bearings on the press,taking the load on

the outer race (0.61 mm).
• The bearing plastic cage should face towards

the outside of the housing.
• Fit the circlip, ensuring that it enters correctly

into its groove in the housing.

G3-38
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1st arrangement: without a gasket.

Coat the joint face between the main and step-down
housing with anaerobic sealant. Refer to "Anaerobic
Sealants" on page G1-16 for recommendations.

2nd arrangement : Fit a gasket (dry).

To check whether the arrangement is of the gasket
or no gasket type, simply measure dimension X on
the main housing or the thickness of the bearings
fitted to it.

1st case:

Dimension X : 205 mm, bearing thickness 176 mm.

- arrangement without gaskets

Coat the joint face between the main and step down
housings with an anaerobic sealant. Refer to
"Anaerobic Sealants" on page G1-16 for
recommendations.

2nd case:

Dimension X 204.2 mm with bearings 17.5 mm
thick.

Arrangement with gaskets
(do not use jointing compound).

CAUTION
1st arrangement without a gasket cannot be fitted
with a gasket.

• The two bolts fitted at (A) must be coated with
anaerobic sealant.

• Fit the main housing and tighten the bolts to a
torque of 3 daNm (22 Ib.lft.)
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Different repair arrangements:

1st case: The fitting of a new housing to a gearbox
with the old type primary and secondary shafts.

a) first type gearbox:

Fit a new washer 1.5 mm thick and circlip 1.5 mm
thick.

b) 2nd type gearbox:

Fit the original washer 2.05 mm thick and a new
circlip 1.5 mm thick instead of 2 mm.

2nd case: - Fitting new primary and secondary shafts
to an old type gearbox.

Fit the washer 2.05 mm thick with a circlip 2.4 mm
thick.

G3-40
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Bearings

Washer
Circ~~IDlmens-B
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Firs!:

'72.05'.520,65
Arrange.

Second

"2.05221,15
Arrange.

Third

-

Arrange.
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FINAL ASSEMBLY
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• Refit the locking assemblies (V).

The 2 lock; ng balls for the 1st/2nd and 3rd/4th
shafts are identical.

- Reverse is locked by a plunger (P).
The 3 springs are identical.

• Coat the plugs with anaerobic silicone and tighten
them to a torque of 1.7 daNm (12.5 Ib.lft.)
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FINAL ASSEMBLY

Pin the 3rd/4th lever (14) to its shaft, holding it in
place with a pair of long bent-nosedpliers,with the
3rd/4th shaft in 4th.

• Fit the spring washers to the primary and
secondary shafts ensuring that they face the
correct direction.

• Attach the circlip using tool B.Vi. 902-01.

Primary shaft:
• Use the (10 x 150) threaded rod.

Secondary shaft:
• Use the (12 x 150) threaded rod.

• Screw the rod (A) into the shaft (primary or
secondary).

Attach the body of the tool C and screw on the nut
(F)while holding tool (C)to prevent it from turning.
After removing the tool, ensurethat the circlipshave
correctly entered their locations.

G3-42
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FINAL ASSEMBLY

NOTE: The lip seal must be replaced each time the
shift shaft is removed, since it is unavoidably
damaged as the shaft is taken out.

80

,

"]

1

• Fit the lip seal (oiled).
• Ensure that there are no burrs on the shaft to

avoid damaging the lip on the seal.
• Refit the ring (if there is one).
• Placethe reverse lever (80) in position with its boss

towards the outside and clip it to the shaft.
• Oil the shaft and fit it together with its boot

(when applicable).

Assemble:
• The selector lever (82).
• The bushing (83) and the spring (84).
• The half shells (85) using tool B.Vi. 747
• Pin the selector lever (82) in place.
• Ensure that the pins are installed facing the right

direction.
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• The seams of the pins must be perpendicular to
the shaft center line and on opposite sides to one
another .

• Check that the control slides freely and that there
is no play.

Seam

Seam

Shaft
Centerline

• Check that all the gears engage .
• Attach the rear cover after coating its gasket with

jointing compound.

I

I
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I t h housing-final drivet' the c u c . .
Before connec Ing nd main housings.bl to the step down aassem y

( 5) (2nd arrangement)
• Assemble the clutch Sh~ftry2 shaft (26). See page. . 'It to the primaby clipping
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FINAL DRIVE OIL COOLING SYSTEM

Refer to pages F7-24 through F7-28.
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DIFFERENTIAL SEAL AND NUT
REMOVE AND REPLACE

\

•

REMOVING:
• Drain the final drive case.
• Disconnect the transmission shaft at the final drive

end.
• Mark the position of the adjusting nut in relation

to the case.
• Remove the locking washer.
• Unscrew the nut, counting the number of turns.

Use tool B.Vi. 645.

1st Type: Seal with 2 lips

2nd Type: Seal with 3 lips

B, Vi. 80S'

))' )

'Use with 3-lip seal

A

• Adapter B.Vi. 805 must be used with wrench B.Vi.
645 when removing or replacing a 3-lip seal nut to
avoid damaging the outer lip.

FaceA must be flush with the inner face of the nut B
regardless of the type of seal.

Refitting:
• Refit the nut, equipped with a new, oiled O-ring,

screwing in by the same number of turns and
aligning it with the marks made during
dismantling.

• Refit the locking washer.
• Reconnect the transmission shaft.
• Fill the final drive case.

NOTE: The 3 lip seal can be installed as a
replacement for the 2 lip seal.

G4-1
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SPEEDOMETER SHAFT SEAL
REMOVE AND REPLACE

The speedometer shaft seal is replaced using tool
B.Vi. 90S which includes:

a seal extractor (A) fitted with a nut (8),

a seal fitting tool (C),

- a thin spacer (D),

- spacer (E) is not used.

REMOVING

• Disconnect the speedometer drive cable from the
gearbox.

• Attach the extractor tool (A) equipped with nut
(B) and spacer (D).

• Screw the tool (A) in by approximately three turns
after it has made contact with the seal so that its
thread (1) penetrates the rubber.

• Extract the seal by screwing in the nut (B) while
holding the tool (A).

c

;•

I
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REFITTING

c

B. Vi. 905.02 •

• Placethe seal on tool (C) as shown and hit the end
of the tool.

G4-2



SECTION "H"
CLUTCH

Subsection 1 - General Information

H1-1 Special Tools
H1-2 Specifications

Subsection 2 - Pressure Plate - Disc

H2-1 Changing

Subsection 3 - Flywheel

H3-1 Remove and Replace

Subsection 4 - Clutch Shaft Pilot Bearing

H4-1 Changing

Subsection 5 - Thrust Pad (Throw-out Bearing)

HS-1 Changing

Subsection 6 - Clutch Cable

H6-1 Remove and Replace
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SPECIAL TOOLS

:1

Emb.786.01
Mandrel for locating clutch disc

Order Tool No. 700000-78-601 EA

Mot. 582

Flywheel locking sector
Order Tool No. 700000-58-200 EA

I

l

Mot. 11

Crankshaft bushing extractor
Order Tool No. 700000-72-500 EA

H 1-1

Mot. 453-01

Hose clamp (25 mm dia. max.)
Order Tool No. 700000-45-301 EA
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LeSharo, Phasar and Utility Van

- Single dry plate cable operated clutch.
- Diaphragm spring pressure plate
- Clutch disc with cushioned hub
- Self-centering guided ball thrust pad

SPECIFICATIONS
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PRESSURE PLATE - DISC
CHANGING

The gearbox must be removed for this operation.

Removal

• Unscrew the ring of pressure plate bolts. Remove
the plate and the disc.

• Inspect all components and change any that are
worn or faulty.

REASSEMBLY

• Clean the flywheel friction face.
• Mount the disc (hub offset A facing gearbox) using

mandrel Emb. 786-01
• Tighten the pressure plate mounting bolts

gradually and evenly in a cross-pattern sequence.
Torque bolts to 2 daNm (22 Ib.lft.).

• Lightly grease the bearing surface for the thrust
pad.

H2-1



FLYWHEEL

REMOVE AND REPLACE

The gearbox and clutch must be removed for this
operation.

TIGHTENING TORQUES
Flywheel bolts: 6 daNm (45 Ib.lft.)

Removal
• Mount locking sector Mot. 582.
• Unlock (if applicable) and unscrew the flywheel

bolts.
• These are self-locking bolts which cannot be Mot. 582

reused.
• Remove the flywheel.

IMPORTANT
• The flywheel friction face cannot be resurfaced.
• The flywheel must be changed if unservicable.

REASSEMBLY
• Use a dry cloth to clean the threaded holes in the

crankshaft.
• Degrease the flywheel locating face on the

crankshaft.
• Apply Loctite@ or equivalent to the mating faces.
• Mount the flywheel, coat the bolt threads with 1

or 2 drops of Loctite @and insert new self-locking
bolts through new lockplate.

• Torque tighten the bolts using a torque wrench.
• Bend the lockplate tabs onto one hexagon only on

each bolt.

H3-1
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CLUTCH SHAFT PILOT BEARING
CHANGING

The gearbox, clutch and flywheel must be removed
for this operation.

REMOVAL

• Extract the beari ng using extractor Mot. 11.

REASSEMBLY

• Coat the outside of the bearing with Loctite~ or
equivalent.

• Insert the new bearing. Clean the outside only
since it is pre-greased.

H4-1

\_--



THROW";OUT BEARING
CHANGING

I
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The gearbox must be removed for this operation.

REMOVAL

• Remove the thrust pad.

REASSEMBLY

• Lightly grease the diaphragm spring bearing
surface.

• Coat the pivot pin with graphite grease.
• Attach the thrust pad to the guide tube correctly

as shown at (A).

• Lift up the fork, placing retainer (1) behind seal (2)

H5-1



CLUTCH CABLE

REMOVE AND REPLACE

5 4 2 3 8 7 9

1

"

I

1. Cable
2. Clevis
3. Clevis Pin
4. Washer

S. Hair Pin Clip
6. Bracket
7. Bolt
8. Lock Washer
9. Jam Nuts

10. Fork
11. Pedal

10

6

H6-1



CLUTCH CABLE

REMOVE AND REPLACE

REMOVAL

• Remove hair pin clip (5) from clutch pedal (11).
• Remove clevis pin (3), then remove clevis (2)

from cable end.
• Remove two jam nuts (9) from fork end (10)

and remove the cable from fork.
• Remove nuts from cable, then remove cable

from bracket (6) and from vehicle.

REASSEMBLY

• Install clevis to cable end, then fasten to pedal
with pin and hair pin clip.

• Route the cable
• Install cable onto bracket and fasten with nuts.
• Insert cable to fork.
• Install jam nuts and adjust. Make sure collar is

properly positioned where cable goes through
floor.

ADJUSTMENT

• Loosen jam nuts
• Pull cable or have an assistant lift clutch pedal

3/4" (15-20mm) above brake pedal.
• With slack removed, tighten jam nuts against

fork.
• Check clutch operation.

H6-2
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SECTION "I"
BRAKES

Subsection 1 • Specifications

11-1 Special Tools
11-3 Brake Layout
11-4 Identification & Special Features
11-5 Tightening Torques

Subsection 2 • Master Cylinder

12-1 Remove and Replace

Subsection 3 • Brake Servo

13-1 Checking for Loss of Vacuum Pressure (Diesel)
13-2 Remove and Replace
13-3 Changing the Air Filter
13-3 Changing the Check Valve

Subsection 4 • Front Brake Pads

14-1 Remove and Replace

Subsection 5 • Front Brake Rotors (Discs)

15-1 Remove and Replace

Subsection 6 • Front Brake Calipers

16-1 Remove and Replace
16-3 Overhaul

Subsection 7 • Rear Brake Shoes

17-1 Remove and Replace

Subsection 8 • Rear Wheel Cylinders

18-1 Remove and Replace

Subsection 9 • Brake Limiter

19-1 Adjustment
19-2 Checking Brake Pressure

Subsection 10 • Handbrake

110-1 Layout
110-2 Adjustment
110-3 Secondary Cable Remove and Replace

Subsection 11 • Brake System Bleeding

111-1 Procedure
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SPECIAL TOOLS

Fr•• 823

Piston insertion tool
Order Tool No. 700000-82-300 EA

G'4r
~~=t .~I

Mot. 453-01

Hose clamp (maximum dia. 25 mm)
Order Tool No. 700000-45-301 EA

Fre.214-04
Pressure checking gauge for brake limiter

(range 0 to 100 bars)
Order Tool No. 700000-21-404 EA

T.Av.602

Drive shaft insertion tool
Order Tool No. 700000-60-200 EA

j

Ms. 580

Slide hammer for hub removal
Order Tool No. 700000-58-000 EA

11-1

T.Av.601

Tool for extracting drive shaft and hub
Order Tool No. 700000-60-100 EA



SPECIAL TOOLS

Fre.05
Set of two wheel cylinder clips

Order Tool No. 700009-99-400 Set

11-2
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SPECIFICATIONS

BRAKE LAYOUT
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SPECIFICATIONS
IDENTIFICATION AND SPECIAL FEATURES

HYDRAULIC CIRCUIT

Metric threads are used for all pipeline unions
connecting the master cylinder, front calipers, limiter
and rear wheel cylinders.

Use only replacement parts listed in the LeSharo,
Phasar, and Utility Van Service Parts Catalog.

Component Identification (Shape):
A - Pipe Ends
B - Threaded Bores in wheel cylinders
C - Pipe Unions

METHOD OF LOCKING CALIPER BRACKETBOLTS

The front caliper bracket bolts have their threads
coated with Loctite® or equivalent.

If these bolts are unscrewed during a repair, they
must be cleaned and their threads coated with
Loctite® or equivalent on reassembly.

B
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FRONT BRAKES
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25.4 mm (1.0)
254 mm (10.0")
254.75 mm (10.04")
57 mm (2.24")
7 mm (.276")
.5 mm (.020")

Caliper Cylinder Bore
Disc diameter
Disc thickness
Min. disc thickness
Pad thickness (incl. backing)
Min. pad thickness (inc!. backing)
Max. disc run-out

45mm
252 mm (9.921")
24 mm (.945")
22 mm (.866")
18.5 mm (.728")
9 mm (.354")
0.07 mm (.003") on 242
mm (9.528") dia.

REAR BRAKE with self-adjusting brake shoes

Wheel cylinder bore
Drum diameter
Max. drum diameter after regrinding
Lining width
Lining thickness (incl. shoe)
Min. lining thickness

TANDEM MASTER CYLINDER

Handbrake: Mechanically applied at rear wheel via floor-mounted lever.
Maximum travel: 12 notches

Bore
Stroke with Servo
Pressure Drop Indicator
Servo cylinder bore
Residual pressure valve

23.8 mm (.937")
22 mm (.866")
not equipped
22.8 mm (.897")
not equipped

1

I
j

I
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BRAKE FLUID: Must conform to SAEJ 1703 F and DOT3 and DOT4 standards

11-4
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SPECIFICATIONS

TIGHTENING TORQUES

Wheel Nuts 12 daNm (90 Ib.lft.)
Caliper bracket bolts 9 daNm (66 Ib.lft.)
Stub axle nut 20 daNm (147 Ib.lft.)
Bleed screws 0.7 daNm (5 Ib.lft.)
Hose at caliper end 2 daNm (15 Ib.lft.)
Metal pipe union on hose 2 daNm (15 Ib.lft.)
Wheel cylinder mounting bolts

0.7 daNm (5 Ib.lft.)

11-5



MASTER CYLINDER
REMOVE AND REPLACE

REMOVAL

• Drain the brake fluid reservoir with a syringe and
remove the rubber rings

• Unscrew:
- the metal pipe unions on the master cylinder
- and the 2 servo nuts

• Remove the master cylinder

REI NSTALLA TION

• Check the master cylinder operating clearance. It
should be 0.5 mm (.020") measured from the end
of the pushrod to the master cylinder mounting
face (dimension X). Turn pushrod nut (P) to adjust
if necessary.

• Attach the master cylinder to the brake servo
• Reconnect the brake lines to the correct unions on

the master cylinder.
• Reassemble the fluid reservoir including the

rubber rjngs
• Fill the reservoir
• Bleed the system

12-1
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BRAKE SERVO

Checking for Loss of Vacuum Pressure

.1

1.

\

1

.1

The check for loss of vacuum pressure in the brake
servo unit must be carried out with the hydraulic
circuit functioning normally.

• Connect a vacuum gauge to the line between the
brake servo and vacuum source (inlet manifold)
using a "T" piece union and as short a length of
flexible pipe as possible.

• Run the engine at idling speed for 1 minute.
• Clamp the pipe between the "T" piece union and

vacuum source using clamp Mot. 453-01.
• Switch off the engine.
• If the vacuum drops 33 m/bar (1" Hg) within 15

seconds,a leak is present which may be in either:
- the check valve (change it)

or in the pushrod diaphragm (if in the latter,
change the complete servo)

13-1
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BRAKE SERVO

REMOVE AND REPLACE

REMOVAL

• Remove the master cylinder from the vehicle.

• Remove
the brake pedal clevis pin

- the nuts securing the master cylinder to the
firewall

- and the servo

REINSTALLATION

• Before installing the brake servo, check the
following:

Master cylinder operating clearance is 0.5 mm
(.020"). This is measured from the end of the
pushrod to the master cylinder mounting face
(dimension X). Turn pushrod nut (P) to adjust if
necessary.

- Brake pedal clevis (C) adjustment - dimension
(L) should be 116 mm (4.56"). Loosen locknut (E)
and turn the clevis to adjust if necessary.

• Mount the servo to the master cylinder. (If the
servo is being replaced, use the spacer plate from
the old servo.)

• Mount and fasten the master cylinder/servo
assembly to the firewall. Then insert the brake
pedal clevis pin.

• Reconnect the servo vacuum hose and attach the
master cylinder brake lines to the correct unions.
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BRAKE SERVO

CHANGING THE AIR FILTER
• The servo need not be removed to change air

filter (F).
• Remove the old filter (F) under the pedal

assembly with a screwdriver or scriber.
• Make a cut (A) in the new filter (see insert), slip

it over the pushrod and push it fully home
evenly so that no unfiltered air can enter.

A

"'

Changing the check valve

• This operation may be carried out in place.

rj

REMOVAL
• Disconnect the vacuum hose at the servo end.
• Pull and turn the check valve to free it from the

rubber sealing washer.

REINSTALLATION

• Check the condition of the sealing washer and
check valve.

• Replace all faulty parts.
• Mount the assembly.

13-3



FRONT BRAKE PADS
REMOVE AND REPLACE

This is essential to ensure even pad wear, efficient
braking and an even spread of braking effort.

IMPORTANT

Brake pads must be changed in complete axle sets
and each pad must be located correctly.

REMOVAL

• Remove both clips.
• Tap out one retaining key with a pin punch.
• Slide out the second retaining key.

\

I

1

I

12 daNm (90 Ib.lft.)

TIGHTENING TORQUES

Wheel nuts
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FRONT BRAKE PADS

REMOVE AND REPLACE

• Remove the caliper

IMPORTANT

Do not touch the brake pedal from this point until
completion of this operation.

• Remove the brake pads.
• Lift out the springs under the pads.

REASSEMBLY

• Remove the dust covers from their grooves and
clean them and the ends of the pistons with
methylated spirit.

• Lubricate the piston skirts all around with graphite
grease.

• Mount the dust cover.
• Push the piston back into its bore with tool Fre.

823.

• Remount the springs under the pads.

14-2
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FRONT BRAKE PADS

REMOVE AND REPLACE

• Mount the pads in position (they must be free to
slide.)

• The retaining peg (B) on replacement service pads
must be at the front (direction of wheel rotation).

B

~--o---'F
• Slip one end ofthe caliper between the spring clip

and the key location on the caliper bracket.

• Insert the other end by compressing both springs.
• Mount the first key, insert a screwdriver in the slot

for the second key, press on the screwdriver and
push the second key in.

• Remove the screwdriver and tap the key until fully
seated with a pin punch.

• Mount two new key retaining pins.
• Press the brake pedal several times to push the

pistons up into contact with the back of the pad.

14-3
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FRONT BRAKE ROTORS

REMOVE AND REPLACE

r 1

_ J

IMPORTANT

Brake rotors (discs) cannot be resurfaced. A rotor
must be changed if excessive or uneven wear is
present.

Disc Thickness: 22 mm (.866") minimum
Brake disc wear is acceptable up to a minimum disc
thickness of 22 mm (.866")

Disc Run-Out: 0.07 mm (.003") max. - measured 5
mm in from the outer edge using dial a indicator.

REMOVAL

• Remove the brake assembly : pads, caliper and
caliper bracket (bolts A).

• Attach locking tool Rou. 604 over 2 wheel studs
and unscrew the stub axle nut.

• Remove the screw from tool T.Av. 601 and place
slide hammer Ms. 580 in its place.

• Attach the assembly to the wheel studs.
• Remove the hub-rotor assembly.
• Separate the rotor from the hub.

Rou.604

T.Av.601

I
T.Av. 602 J

REASSEMBLY

• Remove the protective coating from the rotor and
fasten the rotor to the hub.

• Coat the bearing with grease.
• Apply loctite~ 680 to driveshaft splines.
• Mount the rotor-outer bearing-spacer assembly to

the stub axle splines.
• Screw tool T.Av. 602 onto the stub axle; align the

assembly with the stub axle carrier then screw in
the tool to draw the drive shaft into the hub.

• Mount the washer and a new stub axle nut and
torque tighten; 20 daNm (147 Ib.lft.)

• Reassemble
- the caliper bracket (coat the bolt threads with

loetite® or equivalent).
- pads
- and caliper bracket

• Pressthe brake pedal several times to take up the
play.

NOTE: See Section H for detailed information on
axle tightening procedure.

15-1



REMOVAL

- Isolate the clutch master cylinder with clamp Mot.
453-01 if applicable
Drain the fluid reservoir with a syringe.
Remove the key retaining pins.
Slide out the keys.
Unscrew the metal pipe unions on the hoses.
Remove the hose clips from the brackets and
release the caliper
Unscrew the hoses from the caliper and check
them.
Check the condition of the pads.

TIGHTENING TORQUES
Bleed screws
Hose at caliper end
Metal pipe union on hose
Wheel nuts
Caliper bracket bolts

FRONT BRAKE CALIPERS

REMOVE AND REPLACE

0.7 daNm (5 Ib./ft.)
2 daNm (15 Ib./ft.)
2 daNm (15 Ib./ft.)

12 daNm (90 Ib./ft.)
9.0 daNm (66 Ib./ft.)

I
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FRONT BRAKE CALIPERS

REMOVE AND REPLACE

I
1

REASSEMBLY

• Mount the brake pads
• Slip one end of the caliper between the spring clip

and the key locating face on the bracket.
• The first key should slide in easily; use a

screwdriver to insert the second key by prying
between the caliper and bracket.

• Remove the screwdriver and tap the second key
fully home with a pin punch.

• Mount new key retaining clips.
• Bleed the clutch hydraulic circuit (if applicable)

followed by the brake circuit.

• Press the brake pedal several times to push the
pistons up into contact with the pad.

16-2



FRONT BRAKE CALIPERS

OVERHAUL

• The caliper must be removed for this operation.
• The complete caliper assembly must be changed if

the bore shows any signs of scoring.

DISMANTLING
• Remove rubber dust cover.
• Push out the piston with compressed air, inserting

a block of wood between the caliper and piston to
prevent the piston from being dam.aged. The
piston must not be re-used if the skirt is scored.

• Use a flexible strip of steel with smooth round
edges (like a feeler gauge) to extract the
rectangular section seal from the caliper groove.

• Change all worn parts and reassemble.

REASSEMBLING

• The piston must never be hammered or forced in
as this would damage the seal.

• Lubricate the caliper bore, groove and the new
seal with clean brake fluid.

• Mount the new seal and the piston, pushing the
piston in by hand.

• Coat the piston skirt and the space between it and
the bore with grease.

• Mount a new dust cover.
• Fill the caliper with brake fluid through the bleed

screw aperture to make the bleeding operation
easier.
Remove the bleed screw, tilt the caliper from side
to side during filling to release any air, then
remount the bleed screw.

Attach the hose to the caliper using a new copper
washer.

i.'.f.")t' .

"I ,

I

!
.j

I

j

16-3



REAR BRAKE SHOES

REMOVE AND REPLACE

I

Rear Brake Drums Must Be Removed For This
Operation. See Rear Axle Section.

REMOVAL
• Unhook bottom return spring (1) followed by top

return spring (2).

• Fit wheel cylinder clip Fre. 05 astride the cylinder.
• Using the same shoe locator tool or a piece of

tube, remove the spring retaining cup locating
brake shoe (1) by pressing it in and turning.

• Remove the cup and spring followed by brake
shoe (1) and threaded body (2).

• Disconnect the hand brake cables at the swivel
(where the cables meet).

• Remove the spring retaining cup and spring
locating brake shoe (3).

17-1



REAR BRAKE SHOES

REMOVE AND REPLACE

• Remove brake shoe (1) and disconnect the cable
from lever (2).

• Keep stop plate (3) on its pin duri ng this
operation.

• Remove stop plate (3).
• Disconnect lever (6) from the brake shoe followed

by ratchet arm (4) and its spring (5).
• Check all the components. Replace any part which

appears worn.
• When reassembling : lubricate pin (7) lightly.
• Check the adjuster body and rod assembly. The rod

should screw in freely along the entire length of
the threads.

• When reassembling : lubricate the threads.

• Identifying the L.H. and R.H. adjuster assembly:
L.H. rear brake: this has a R.H. thread and the
ratchet is chamfered.

- R.H. rear brake: this has a L.H. thread and the
ratchet is shouldered.

17-2
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REAR BRAKE SHOES

REMOVE AND REPLACE

I
(.

RE-INSTALLATION

• Lightly grease the areas on the backplate where
the brake shoes rub.

• Insert the end of the handbrake cable into the
lever.

• Mount one brake shoe. Reattach the brake shoe
spring and spring retaining using a special tool or
piece of tubing.

• Screw the brake adjuster assembly in all the way
and hold it in position on the mounted shoe.

• Mount the other brake shoe. Reattach the brake
shoe spring and spring retainer using a special tool
or piece of tubing.

• Remove wheel cylinder tool Fre. 05.
• Use a brake spring pliers to mount the top return

spring, then the bottom return spring.

WARNING

The longer hook end of the spring must be
attached to the handbrake lever end.

• Make sure that stop plate is mounted correctly
when reassembling.

• Adjust brakes to a pre-setting diameter of 252.5
rum - 253 mm (9.94" - 9.96") across the brake
shoes. Unscrew the brake adjuster by turning the
teeth with a brake adjuster tool or screwdriver.

• Also adjust brakes on opposite side of vehicle to
these specifications.

• Remount the brake drum and bleed the brakes.
Pressthe brake pedal several times to obtain the
normal operating clearance between drum and
shoes, then adjust handbrake cables.

\".------
.~\"" .
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TIGHTENING TORQUES
Bleed screw
Metal pipe union on wheel

REAR WHEEL CYLINDERS
REMOVE AND REPLACE

0.7 daNm (5 Ib.lft.)
cylinder

2 daNm (15 Ib.lft.)
Wheel cylinder mounting bolts 0.7 daNm (5 Ib.lft.)

• Remove the brake drum and brake shoes then
check the wheel cylinders. The wheel cylinders
must show no signs of external leakage and the
pistons must slide easily with finger pressure.

• This check must be carried out:
• every 60,000 km (40,000 miles) or once every 3

years (whichever occurs first)
- each time the brake linings or shoes are

changed.
• If a defect is found, then both the left and right

rear wheel cylinders must be replaced. Wheel
cylinders may be overhauled if the bores and
pistons are completely free of scratches and
oxidation.

REMOVAL

• Unscrew metal pipe union (2) and mounting bolts
(1).

• Remove the wheel cylinder and its seal.

RE-INSTALLATION

• Stick the seal to the back of the wheel cylinder
with a dab of grease.

• Mount the cylinder and secure bolts (1).
• Torque tighten metal pipe union (2) followed by

bolts (1).
• Refit the brake shoes and drums then bleed the

circuit.
• Pressthe brake pedal several times to restore the

correct operating clearance between linings and
drum.

OVERHAULING

• Change all the components marked (*) routinely.
• Check the pistons and bore. The complete wheel

cylinder must be changed if any traces of scratches
are present.

• If the pistons and cylinder are serviceable, install
new cupwashers.

• Dip all moving parts in new clean brake fluid.
Assemble the pistons, spring and dust covers.
Check that the assembly slides freely. Mount clip
Fre. 05 astride the wheel cylinder to hold the
assemby together.

18-1
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BRAKE LIMITER

ADJUSTMENT

TIGHTENING TORQUES 2

CHECKS

There are 2 preliminary checks to be made before
proceeding with the pressure check:

IMPORTANT

The brake limited must be checked and adjusted
with the wheels on the ground, vehicle unladen and
driver on board.

Bleed screws 0.7 daNm (S Ib.lft.)

I

1 - Check setting of the spring length (A). Adjust by
moving collar (2).

A = 200 mm (7 7/8")

2 - Check protrusion of bolt (1).

B = 5 mm + 0.5 (.197")

/9-1

B

A



BRAKE LIMITER

Checking the Pressure

Once the preliminary checks are complete, connect
the 2 pressure gauges: Fre. 214-04
- one at the front, with a standard union
- one at the back, with a union Fre. 214-05.

Press the brake pedal gradually and observe the
pressure at front and rear simultaneously with the
hel p of an assistant.

LESHARO/PHASAR

/ l

Fre.214-04

Fre.214-05

I

UTILITY VAN

Front Pressure:

50 - 51 bars (724 - 739 PSI)

75 - 76 bars (1087 - 2001 PSI)

100 - 101 bars (1450 1464 PSI)

Front Pressure:

40 - 41 bars (580 - 594 PSI)

70 - 71 bars (1015 - 1029 PSI)

100 - 101 bars (1450 - 1464 PSI)

Rear Pressure:

46 - 50 bars (667 - 725 PSI)

50 - 54 bars (725 - 783 PSI)

54.5 - 58.5 bars (790 - 848 PSI)

Rear Pressure:

36 - 40 bars (522 - 580 PSI)

42 - 46 bars (609-667 PSI)

48 - 52 bars (696 - 754 PSI)

I

J

, j

NOTE: Wheel nut tightening torque: 12 daNm (90 Ib.lft.). All models.
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HANDBRAKE

LAYOUT
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HANDBRAKE
ADJUSTMENT

In order to allow the self-adjusting mechanism to
function normally, the cable should be tensioned so
that the handbrake lever will travel 6 notches on the
ratchet quadrant to apply the rear brakes when new;
10 notches after break-in.

An adjustment with a travel of more than 12 notches
will unmesh lever (L) and upset the self-adjusting
mechanism.

!

\

ADJUSTING

• Place the vehicle on a hoist and release the
handbrake (safety blocks in position).

• Unscrew locknut (A) and turn the main nut to
adjust cable tension.

74733

A
\
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Removing • Reassembling the handbrake lever

• Remove pins (B) holding the quadrant and primary cable clevis pin (1).

110-2
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HANDBRAKE SECONDARY CABLE

REMOVE AND REPLACE

• Push the operating lever inward with a
screwdriver as shown to free peg (E) from the
brake shoe. (Access holes are provided in the
backplate and brake shoe.)

• When the peg is free, push the lever to the rear.

REMOVAL
• Release the handbrake
• Loosen the secondary cables to allow the

operating lever to return.
• Remove the plastic plug in the backplate and zero

the self-adjusting mechanism.

,
\
I

TIGHTENING TORQUE
Wheel nuts 12 daNm (90 Ib.lft.)
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HANDBRAKESECONDARY CABLE
REMOVE AND REPLACE

• Remove the brake drum (see previous sections).
• Mount clip Fre. 05 astride the wheel cylinder.
• Unhook the top return spring.
• Disconnect the handbrake cable.
• Remove the cable stop in the backplate.
• Disconnect the cable under the floor.

REASSEMBLE

• Reconnect the cable under the floor, attach the
cable stop to the backplate.

• Connect the handbrake cable.
• Hook the top return spring.
• Remove wheel cylinder clip Fre. 05
• Mount the brake drum and adjust the bearing

endplay.
• Insert fresh grease in the cup and reassemble.
• Reassemble the rear wheel and torque tighten the

nuts with a torque wrench.
• Adjust the cable tension.
• Mount a new plastic plug to the backplate.
• Remove the brake drum and tire.

110-4
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BRAKE SYSTEM BLEEDING

Procedure

This vehicle is equipped with a brake servo. It is
important that the servo is not applied during the
bleeding operation, regardless of the procedure
used.

BLEEDING WITH PRESSURE BLEEDING APPARATUS

• Fill apparatus with brake fluid and pressurize. Do
not exceed the pressure recommended by the
equipment manufacturer.

• The compressed air must be humidity-free. Before
connecting the air hose check that no water
droplets are present in the line.

• Let the apparatus stand pressurized for a while to
prevent possible foaming.

BLEEDING

Do not exceed a pressure of 1.2 to 2 bars (17 to 29
psi) to prevent foaming.
• Attach a bleed tube to each bleed screw and route

each one into a clean container.
• Fill the fluid reservoir to the brim with new fluid.
• Screw the special cap onto the reservoirs and

connect the apparatus to the cap.
• Adjust the pressure to between 1.2 and 2 bars (17

to 29 psi), and gradually open the control valve on
the apparatus to pressurize the hydraulic circuit on
the vehicle.

• Close all the bleed screws when fluid begins to
flow from them.

• Remove the special cap.
• Check the fluid level in the reservoir and perform

a brake test.
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SPECIAL TOOLS

,
!

!
I

I
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T.Av.549
Front axle alignment measuring tool

Order Tool No. 700000-54-900 EA

T.Av.476
Tool for extracting ball joint

Order Tool No. 700000-47-600 EA

I ~\

~'\\.". '.~~ l.·.· .....\ ..\'~)

T.Av.601
Tool for extracting drive shaft and hub

Order Tool No. 700000-60-100 EA

T.Av.552
Scaleboard for steering box height setting

Order Tool No. 700000-55-200 EA

I \
.1

T.Av.602
Drive shaft inserting tool

Order Tool No, 700000-60-200 EA

J 1-1



SPECIAL TOOLS

B.Vi. 28-01
Bearing extractor with jaws 146mm long

Order Tool No. 700012-27-301 EA

B.Vi. 31-01
Set of drifts for 5 mm dia. roll pins

Order Tool No. 700012-59-401 SET

Rou.604
Hub locking tool

Order Tool No. 700000-60-401 EA

J1-2

a.Vi. 606
Set of drifts for extracting and

inserting 6 mm dia. roll pins
Order Tool No. 700000-60-600 SET

'I

I
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SPECIAL TOOLS

I
!

Rou. 15-01

Protective end cup with 16 mm dia. bore for shaft
Order Tool No. 700013-31-601 EA

Ms. 580
Slide Hammer for hub removal.

Use with T.Av. 601
Order Tool No. 700000-58-000 EA

. I
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T.Av. 605-04

Height gauge
Order Tool No. 700000-60-504 EA

J1-3

Ms. 504-01

Steering wheel lock
Order Tool No. 700000-50-401 EA



GENERAL INFORMATION

Features
Independently sprung wheels and MacPherson@
front suspension.

Suspension pivot point:
- at chassis end: rubber bushes in lower arm and

at top of strut.
- at wheel end: sealed ball joint at bottom of

strut.

MacPherson@ struts pivot at top in sleeve and
sealed needle thrust bearing:
- Rack and pinion steering box
- Front wheel drive (FWD) through drive shafts

with constant velocity joint
- Hubs fitted with dual-row ball bearings.

If it becomes necessary to replace a front axle
bearing on a straight splined driveshaft, the
following procedures MUST be followed during
reinstallation to ensure the proper performances
and longevity of the replacement bearings.

1. Apply shaft sealer (Loctite@ 680 High
Strength@) (Winnebago part number
076062-01-700). Do not use any other form of
Loctite@for this operation, as it will not meet
the required specifications. Be careful not to
apply shaft sealer onto the surrounding parts.

2. When reinstalling the assembly, always
replace the driveshaft washer (Winnebago
part number R79030-53-143) and the
driveshaft nut (included in Front Bearing Kit 
Left or Right - Winnebago part number
R77014-62-021).

3. Torque tighten the driveshaft nut to 25 daNm
(184 Ib.lft.)

Power Steering Max. Operation Pressure

Pump and Rack

65-68.5 bars
(940-990 p.s.i.)

I
j
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I
10 daNm

(74Ib.lft.)

16 daNm

(120Ib./ft.)

SPECIFICATIONS

TIGHTENING TORQUES

6 daNm

(45Ib.lft.)

. ~ \

8 daNm

(60 Ib.lft.)

rln. !.'i.·

/' Ii J,~
I l'j

3.5 daNm

(26 Ib.lft.)

J1-5

12 daNm

(90Ib.lft.)

20 daNm

(147Ib./ft.)

3.5 daNm

(26 Ib./ft.)



SPECIFICATIONS
FRONT AXLE ALIGNMENT

UNLADEN

UNLADEN 1I
I.'

Adjustment

In this pOSitIOn
tighten the lower

arm ivot in

By turning steering
arms:

1 complete turn=
30' (3 mm)

NON-ADJUST ABLE

NON-ADJUST ABLE

NON-ADJUSTABLE

H5·H2
H5·H2
H5·H2
H5·H'

Long
90
110
135
160

UNLADEN

hort
90
110
130
150

Checking position

Hl - H2 = 100 mm

Values

Toe-out
0010':t10'

(1mm±1)

1°30' )
1° )

0° 30' ) 1. 30'
0° )

Max. difference
between R.H. and

L.H. sides 1°

go ±30'
Max. difference

between R.H. and
L.H. sides 1°

Max. difference
between R.H. and

L.H. sides 10

Angles

:/

POSITION FOR TIGHTENING
RUBBER BUSHES

CASTOR

CAMBER

K.P.1.

Method with compression

On 55-200.
scaleboards

Method without compression

STEERING BOX HEIGHT
\.

~.

+

8 to 10

Zone 3 on setting scale

From 1.5 to 2.5 mm (per
wheel) variation in the
direction of the toe-in.

Low position
H' . H2 = 130 mm

Low position
unladen

High position
unladen + 40 mm

BY SLOTS

Jl-6



SPECIFICATIONS

MEASURING POINTS

1

. I

i i i!1--=1- L----.J

GREASE APPLICATION

r 1L~

Component

Oil seal lips
Hub bearings
Drive Shaft Splines
Wheel Stud Threads
MacPherson@ Strut

(Top Thrust Be.aring)

Lower arm pivot pins
Steeri ng Shaft Spl ines
Steeri ng Shaft Bushi ngs
Steering Arm Pins

GearboxlDriveshaft Splines

Wheel/Driveshaft Coupling
GearboxlDriveshaft Coupling

Amount

5 g (.175 oz.)
10 g (.35 oz.)
coating
coating

coating

coating
coating
coating
coating

coating

140 g (5 oz.)
160 g (5.65 oz.)

J1-7



FRONT AXLE ALIGNMENT
CHECKING - ADJUSTING

Preliminary Checks

Examine the following and correct if necessary
before checking and adjusting the front axle
alignment:

- Uniformity of front tires
(size, inflation pressure and wear)

- Pivot points
- Condition of rubber bushings

Play: in ball joints and in bearings
- Wheel end play: not to exceed 1 mm

(compensate for this with measuring instruments)
- Underbody height symmetry (condition of

suspension)

Sequence of Operations

The design of the front axle geometry is such that
should one of the angles be altered (caster, camber,
KPI, toe and variation) there will be a greater or
lesser change in the values of the other angles. (The
caster angle exerts the greatest influence).

So it is absolutely necessary to follow this sequence:
1. Attach the measuring instrument to the vehicle

according to the manufacturer's instructions.
2. Jack up the vehicle under the body.
3. Neutralize any wheel end play.
4. Lower the vehicle onto the turntables.
S. Attach the brake pedal press.
6. Settle the suspension so that it adopts its normal

position.
7. Align the front wheels in relation to the rear

wheels or in relation to the body on each side by
turning the steering wheel so as to obtain values
A and G which are identical on the R.H. and L.H.
sides.

8. Set the turntables to zero in this position.

Check the following in the order shown and adjust:
1. Castor
2. K.P.1.
3. Camber
4. Steering box height setting
5. Toe and its distribution

J2-1



FRONT AXLE ALIGNMENT
STEERING BOX HEIGHT SETTING

METHOD WITH COMPRESSION

CHECKING

• Place the vehicle on a hoist
• Place the front wheels on turntables and attach

the brake pedal press.
• Set the steering to center point then prevent it

from turning with steering wheel lock Ms. 504-01.

Ms. 504-01

Fabricate a compressing bar for the front axle locally
to the dimensions shown at the right.

J2-2



FRONT AXLE ALIGNMENT
STEERING BOX HEIGHT SETTING

Method with compression
• Use height gauge T.Vi. 605-04 to measure heights

H1 and H2.

T.Av. 605-04'

• Compress the front axle.
• Place tool T.Av. 549 on the tire and hold it to the

wing with magnetic base (1). Adjust measuring
rod (2) so that it is vertical and in the low position.

• Tighten screw (3)

T.Av.549

1=

. I
)

• Attach a scaleboard (T.Av. 552) to the bottom of
each door by means of its magnetic base so that A
= 1.30 m (51 5/32") from the front wheel center.

• Mount a measuring instrument on each side so
that the beam lines up with cross B on the
scaleboard.

T.Av.552

J2-3
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FRONT AXLE ALIGNMENT
STEERING BOX HEIGHT SETTING

Method with compression
• Jack up the front of the vehicle slowly until red

line (G) on T.Av. 549 becomes visible. This
corresponds to a front axle height variation of 80
mm (3 5/32").

• In this position, read off the figure nearest the
beam tip on the scaleboards on each side.

• Compare the values as read with those given in
the chapter "Speci ficati ons".

If the beam tip is outside this zone, the steering box
height must be increased or reduced to reach the
correct value.

List of equipment currently available which requires
the front axle to be compressed when adjusting
steering box height.

Manufacturer Type

Facom

U 70

Muller

665
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FRONT AXLE ALIGNMENT
STEERING BOX HEIGHT SETTING

METHOD WITHOUT COMPRESSION

This method is only possible by the back projection method using front axle measuring instruments which
read off the toe direct.

CHECKING
• Place the vehicle on a lift.
• It should be empty and in its normal position.

Place the front wheel on turntables and fit the
brake pedal press.

• Place the lift swing arms under the body front
jacking points so that the pads make contact.

• Measure dimension (X) between the lift floor (or
ground) and underside (A) of the swing arm (or
under bodyshell).

• Set the tip of height gauge T.Av. 605-04 to
dimension X + 40 mm (1 9/16").

J2-5



FRONT AXLE ALIGNMENT
STEERING BOX HEIGHT SETIING

I

• Align the front wheels to the rear wheels so that
each beam image gives an identical value (A) on
the aligning rule (or divide the amount of toe
equally).

• Lock the steeri ng wheel with tool Ms. 504-01.
• Read off the toe value of each wheel and note the

values.

J2-6



FRONT AXLE ALIGNMENT
STEERING BOX HEIGHT SETTING

METHOD WITHOUT COMPRESSION
Identification:

P'D is the R.H. front wheel reading
- P'G is the L.H. front wheel reading

• Now raise the front of the vehicle until the
underside of the lift swing arm (or underside of
the bodyshell) is level with the tip of gauge T.Av.
605-04.

• Read off and note the new toe values, which are:
- P2Dfor the R.H. front wheel reading
- P2Gfor the L.H. front wheel reading

• Therefore a variation in toe exists of:
- P'D to P2D for the R.H. front wheel
- P'G to P2Gfor the L.H. front wheel

• This variation may be:
- towards toe-in
- towards toe-out
- or nil (if P' = P2)

• Refer the values obtained to the table below and
read off the corrections to be made to the existing
shims on each side on the vehicle.

T.Av. 605-04

Nil variation••

!
I

I

-,

I Raise steering•• box

~------- mm ••

p' to p2 variation {(R.H. or L.H. wheel) _- minutes of angle ••

Steering box change of position in mm ••

Variation towards toe-In

7 •

Variation towards toe-out

! ~ ~CD y '-r'
I-,-1-'-

~ ~ i,

j I !' I I j i
, '2 J .• S 6 7

Lower steering box

j
l. i

lH R

Correct R.H. Value
L.H. value to be 2 mm ..±. 1 mm
R.H. side + Do not alter steering box position
L.H. side + Remove 2 mm ..±. 1 mm from existing
shim or raise steering box 2 mm ..±. 1 (depending on
position of steering box).

• After adjusting the steering box height, recheck,
then adjust the parallelism to keep the steering
wheel center.

J2-7
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FRONT AXLE ALIGNMENT
STEERING BOX HEIGHT SETTING

Example

Supposing

Supposing: P2G =

P'D = 2 mm (20') toe-out
P1G = 1 mm (10') toe-out
and P2D = 1.5 mm (15')
toe-out

mm (10') toe-out

Nil variation•I

Then:
• the variation between P1Dand P2D = 2 mm (20')

to 1.5 mm (15') toe-out
= a variation towards toe-in of 0.5 mm (5')

• the variation between P1Gand P2G = 1 mm (10')
toe-out to 1 mm (10') toe-in
= a variation towards toe-in of 2 mm (20')

Now refer the above values to the table on the
previous page:

Variation towards toe-in Variation towards toe-out

--------- mm ••

P' to p2 variation {(R.H. or L.H. wheel) _. minutes of angle ••

Steering box change of position in mm ••

_f_J
T

7 6 5 •
N
o
:>
CI)

I 2 5 6 7

Correct R.H. Value
L.H. value to be 2 mm .±.. 1 mm
R.H. side = Do not alter steering box position
L.H. side = Remove 2 mm .±.. 1 mm from existing
shim or raise steering box 2 mm .±.. 1 (depending on
position of steering box).

• After adjusting the steering box height, recheck
then adjust the parallelism to keep the steering
wheel center.

J2-8
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FRONT AXLE ALIGNMENT
STEERING BOX HEIGHT SETTING

ADJUSTING

Always begin the operation with the side which is
the furthest from the correct zone.

• Loosen the four steering box mounting bolts and
move the box by hand to:
- bring the beam tips onto the correct zones on

the T.Av. 552 scaleboards (method with
compression).

- carry out the corrections given in the table
(method without compression).

• Retighten the four bolts gradually and check the
setting.

• Check the toe and adjust if necessary.

List of apparatus currently available in the U.S.giving
a direct parallelism reading wheel by wheel:

Manufacturer

Lowener
John Bean
Hunter
Muller

Type

Uniflex
Optoe Liner
Autron-a- Line
666

J2-9
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FRONT AXLE ALIGNMENT
CENTERING THE STEERING WHEEL

I

[

With this operation it is not necessary to remove the
bellows to measure the steering center point:
- turn the steering wheel full lock in one direction

mark the top center of the rim at (A)
now turn the steering wheel on full opposite lock,
counting the number of complete turns and
fractions of a turn while doing so.
turn the steering wheel back half the number of
complete turns and half the fractions of a turn
noted. This is the steering center point.

Remove the steering wheel without moving the
setting and mount it to the splines with the spokes as
near horizontal as possible.

This is the "Steering straight ahead position".

I

I,~

A-\
\

\
\

\

Check that the steering wheel is centered and bring
it in the "straight ahead" position with spokes
horizontal (see above paragraph).
Prevent the steering wheel from turning using lock
Ms. 504-01.

J2-10
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FRONT AXLE ALIGNMENT
PARALLELISM

Measure the toe and then how it is divided between
the two sides either in relation to the rear wheels
(dimension A) or in relation to the body sides
(dimension G).

ADJUSTING

There are several possibi Iities:

i
. )

Toe-In Toe-OutCorrection to be made

CORRECT

INCORRECTTurn each steering arm rod (or end fitting) an equal number
of turns but in opposite directions to obtain values A and Gwhich are equal both sides.

INCORRECT

CORRECTAdjust the toe-in on both sides to the same value making
sure that values (A and G) remain the same.

INCORRECT

INCORRECTAdjust the toe-in first to the correct value, then adjust the
toe-out.

Toe-out

1 complete turn 30' (3 mm) of toe-in or toe-out.

J2-"



LOWER SUSPENSION ARMS
REMOVING· REASSEMBLING

. I

I

TIGHTENING TORQUES
Lower arm pivot pin 16 daNm (120 Ib.lft.)
Ball joint mounting screw 2.5 daNm (19 Ib.lft.)
Wheel nuts 12 daNm (90 Ib.lft.)

REMOVING
• Place the side concerned on stands and remove

the tire.
• Remove the two ball joint mounting screws from

the stub axle carrier using a male angle wrench
with TORX@T40 tip.

• Withdraw the pivot pin and remove the lower
arm .

REASSEMBLING

• Coat the lower arm pivot pin with grease and lift
up the arm to the engine crossmember. Degrease
the pivot pin threads and screw the nut up. Do not
tighten it yet.

• Attach the other end of the arm with its ball joint
to the stub axle carrier.

• Compress the front axle using a bar fabricated to
the dimensions shown at right.

• Compressthe front axle so that H1 - H2 = 100 mm
(4").

• Torque tighten the pivot pin nut.

J3-1



LOWER SUSPENSION ARMS
CHANGING A BALL JOINT

TIGHTENING TORQUES

Ball joint nut 6 daNm (45 Ib.lft.)
Ball joint mounting screws 2.5 daNm (19 Ib.lft.)
Wheel nuts 12 daNm (90 Ib.lft.)

REMOVING
• Place the side concerned on stands and remove

the tire.
• Unscrew the ball joint nut and remove the lower

arm from the taper using extractor T.Av. 476.
• Remove the two ball joint mounting screws from

the stub axle carrier using an allen wrench with
TORX® T40 tip.

REASSEMBLY

• Mount the ball joint to the stub axle carrier.
• Insert the ball joint taper into the lower arm and

screw on the nut.
• Place a jack under the lower arm to prevent the

taper from turning in its seat while the nut is
torque tightened.

B-2



LOWER SUSPENSION ARMS
CHANGING THE RUBBER BUSHINGS

A press is required for this operation after the arm
has been removed from the vehicle.

Use a piece of tube 37 mm bore (1.45") under the
arm on the press and a 35 mm (1.37") dia. mandrel to
push out the bushings.

When pressing in new bushings, they must be
symmetrical in relation to the mounting (shown by
dimension A) and there must be a distance of 207
mm (8.15") between them" as shown below.

A A

(2) 37

A

207 mm (8.15")

A
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STUB AXLE CARRIERS
CHANGING THE BEARINGS

TIGHTENING TORQUES
Shock absorber bolts 8 daNm (60 Ib./ft.)
Ball joint mounting
Screws in stub axle carrier 2.5 daNm (19 Ib./ft.)
Steering arm nut 3.5 daNm (26 Ib./ft.)
Drive shaft nut 20 daNm (147 Ib./ft.)
Wheel nuts 12 daNm (90 Ib./ft.)

Front hub bearings contain:
- 2 rows of balls
- 2 inner races
- 1 outer race
- and 2 lip-type oil seals

1. Inner race thrust washer
2. Outer race
3. Outer ball cage
4. Inner ball cage
5. Circlip
6. Inside inner race
7. Outside inner race
8. Inside oil slinger
9. Outside oil seal

4
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STUB AXLE CARRIERS

CHANGING THE BEARINGS

REMOVING
Place the vehicle on stands.
• Remove the wheel.
• Remove the brake caliper without disconnecting

the hose.
• Mount locking tool Rou. 604 to prevent the hub

from turning and unscrew the drive shaft nut.

Rou.604

T.Av.601

l

• Mount extractor T.Av. 601 using the 4 wheel nuts.
• Remove the long bolt from the extractor, mount

slide hammer Ms 580 in its place and extract the
hub-disc assembly.

• Use an axle bearing splitter/extractor as shown to
remove the inner race thrust washer remaining on
the hub. Obtain tool from local tool vendor. Jaw
range 0-100 mm (4").

• Retain the thrust washer.

• Extract the steering arm ball joint from the stub
axle carrier using extractor T.Av. 476

J4-2
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STUB AXLE CARRIERS

CHANGING THE BEARINGS

REMOVE:

• The Torx® head bolts from the lower ball joint
mount.

• The shock absorber bottom bolts (4).

• The circlip from the hub.
• The outer race using a press and one of the old

inner races, leaving the ball cages and seals in
position.

REASSEMBLY

• Remove the two plastic covers (A) from the oil
seals on the new bearing.

• Press in the complete new bearing with its plastic
ring. Hold the 2 inner races using a piece of tube
83 mm (3.26") 00 x 76 mm (3.00") ID. Apply
pressure to the outer race only.

• Do not press on the inner race since this could
damage the bearing.

J4·3
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STUB AXLE CARRIERS

CHANGING THE BEARINGS

• Insert circlip (5) so that it rests against the outer
race. Make certain that it is fully seated in the
groove.

• Coat each lip seal with grease.
• SliP thrust washer (1) on the hub and press in the

hub-disc assembly using a piece of tube 53 mm
(2.08") OD x 43 mm (1.70") ID, applying the load
to the inner race.

STUB AXLE CARRIER

REMOVAL & REASSEMBLY

The bearing replacement steps described above must
be performed first in order to gain access to the
carrier assembly.

NOTE: The bearing assembly is non-serviceable and
must be replaced whenever it is removed.

J4-4
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STUB AXLE CARRIERS
CHANGING THE BEARINGS

If it becomes necessary to replace a front axle
bearing or change a driveshaft, the following
procedures MUST be followed during reinstallation
to ensure the proper performance and longevity of
the replacement bearings.

1. Apply shaft sealer (Loctite® 680 High Strength)
(Winnebago Part number 076062-01-700), per
manufacturer's instructions, onto the center 1.3
of the inside hub grooves (See Diagram). Do not
use any other form of Loctite@ for this
operation. as it will not meet the require
specifications. Be careful not to apply shaft
sealer onto the surrounding parts.

2. When reinstalling the assembly, always replace
the driveshaft washer (Winnebago Part Number
R79030-S3-143)and the driveshaft nut (Included
in Front Bearing Kit - Left or Right - Winnebago
Part Number R77014-62-021).

3. Torque tighten the driveshaft nut to 20 daNm
(147 Ib.lft.)

Apply Loctite to this area

Nut

Washer

J4-S
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RACK & PINION STEERING ASSEMBLY

REMOVING - REASSEMBLING

TIGHTENING TORQUES
Ball joint nut 3.5 daNm (26 Ib./ft.)

REMOVING
• Place the front of the vehicle on stands and

unscrew the ball joint nuts.
• Use extractor T.Av. 476 to separate the ball joint

from the stub axle carrier taper.

T.Av.476

I • Mark the position of the steering wheel shaft in
relation to the pinion splines than unscrew the key
bolt (1) and disconnect the shaft.

• Unscrew the four steering assembly mounting
bolts on the crossmember.

• Remove the steering assembly complete with its
arms.

• NEVER unscrew the rack axial ball joints unless
they are to be changed. New lockplates must
always be used in this instance.

J5-1
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STEERING BOX
REMOVING· REASSEMBLING

REASSEMBLY
• Mount the axial ball joint components to the rack

in the sequence shown.
• Mount the steering assembly, with arms, to the

vehicle. Align the U-joint onto the steering shaft
using the mark made before disassembly.

• Check and adjust the steering assembly height and
toe-in.

Changing a Steering Arm

TIGHTENING TORQUES
Ball joint nut 3.5 daNm (26 Ib.lft.)
Axial ball joint 4 daNm (30 Ib.lft.)

J5-2
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STEERING BOX
CHANGING THE STEERING ARM

STEERINGARMS FITTEDWITH AN AXIAL BALL JOINT
AND THISTYPEOF LOCKPLATECANNOT BE RE-USED
ONCE THEY HAVE BEEN REMOVED.

This is because lockwasher (3) damages the notched
area (A) on the ball joint body when the assembly is
removed and a good mechanical joint is no longer
possible on re-assembly.

For this reason, the steering arm assembly and
lockwasher must be changed routinely after each
disassembly.

REMOVING

• Place the side concerned on a stand.
• Disconnect the steering arm ball joints using

extractor T.Av. 476

T.Av.476

Remove the steering arm ball joint and axial ball
joint; to do this:
• Hold axial ball joint at (P) with an open end

wrench and loosen locknut (E)
• Unscrew the steering arm ball joint, counting the

number of turns required to clear the threads so
that an approximate toe-in setting may be
obtained immediately on mounting the new arm.
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STEERING BOX
STEERING ARM AXIAL BALL JOINT

• Remove the rack boot.
• Unlock the axial ball joint from inside the inner

wing panel.

REASSEMBLY

Mount the following to rack (1):
• thrust washer (2)
• a new lockplate (3)
• and a new axial ball joint (4) having coated its

threads beforehand with loctite® or equivalent.

NOTE: Check that the two lugs on lockwasher (3)
are in line with flats (B) on the rack before
tightening the axial ball joint assembly.

• Reassemble the boot and its clip.
• Screw on the new steering arm ball joint turning it

the same number of turns counted during
removal.

• Reconnect the steering arm to the stub axle
carrier.

• Check the tow-in and adjust if necessary. Then
tighten the locknut.

J5-4
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STEERING BOX
ADJUSTING THE PLUNGER

• Place the vehicle on a frame hoist and remove the
front wheels.

• Unlock adjusting nut (5) by raising locking tabs
(A).

• Torque tighten the adjusting nut to 1 daNm ..±. 0.2
(7 1/2 Ib.lft.) using a 10 mm allen wrench. The
steering wheel should be fairly hard to turn at this
point.

• Next, back off the nut 1/4 turn. The steering
should now be free turning without any hard
spots.

• Lock the nut by bending the nut flange down into
two opposite notches in the steering box.
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POWER STEERING
HOSE REPLACEMENT

I
f

B

U-Bolt

Pump

Figure 1 - Attach Hose to Bracket

REMOVAL

- Remove steering hose bracket bolts (A) and hose
pipe nut (B) to access U-bolt nuts.

- Remove U-bolt and remove steering hose from
bracket.

REINSTALLATION
1. Attach the hose to the bracket with the U-bolt

and lock nuts. The U-bolt should seat into the
groove around the hose collar as shown. Run the
lock nuts up to the bracket but DO NOT
TIGHTEN.The hose must be able to move until
the assembly is mounted to the pump.

2. Reinstall the bracket with bolts (A) and finger
tighten only.

3. Install the hose elbow with pipe nut into the
pump outlet but DO NOT TIGHTEN.

4. Tighten the lock nuts on the U-bolt, making sure
that the hose pipe nut (B) does not bind after
the U-bolt is tightened. If so, loosen the U-bolt
and reposition the hose slightly. Then retighten
the U-bolt, making sure again that the pipe nut
turns freely.

5. Tighten the pipe nut to 10 ft.llb. (14 Nm .±. 2).
Then tighten the bracket/pump mounting bolts
(A).

6. Check power steering fluid level and add as
necessary.

NOTE: If the vehicle is not equipped with a steering
hose bracket, see Winnebago Service Bulletin A
01-89-0SG. (See your dealer.)

Figure 2 - Attach Bracket to Pump Mount
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POWER STEERING
FLUID LEVEL· PUMP REMOVAL

POWER STEERING FLUID LEVEL CHECK

The power steering fluid reservoir is located in the
front of the engine compartment near the driver side
headlight. The level should be maintained at the
bottom of the filler cap neck. When adding power
steering fluid to the reservoir, use Mobil 220ATF
Dexron<alType II automatic transmission fl uid or an
equivalent Dexron II transmission fluid. The capacity
of the power steering reservoir is 1.22 quarts (1.15
liters).

Fluid Refill
- Fill reservoir with fluid and run engine to pull fluid

into pump and hoses.
- Turn steering wheel all the way to the left and

right (Iock-to-Iock) to purge air from system.
- Refill reservoir until fluid level is at bottom of

filler neck as indicated at right.

POWER STEERING PUMP REMOVAL

To avoid damage to the steering pump when
removing the pulley, standard Saginaw-type removal
and installation tools must be used.

These tools are available from local tool suppliers.
They may be available either as separate removal
and installation tools or as a single combination tool
(e.g., OTC 7060A).

J6-2
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STEERING WHEEL AND SHAFT
REMOVING - REASSEMBLING

STEERING WHEEL
1

REMOVAL

- Remove plastic spoke cover (1)
Unscrew the shaft nut several turns, but do not
remove.
Pull the steering wheel upward by hand. Easeit to
right and left to free it from splines.
Mark its position in relation to the shaft
Remove the nut and the steeri ng wheel

REASSEMBLY

Align the steering wheel with the marks made
during removal, otherwise recenter the steering
wheel (see corresponding paragraph).

TIGHTENING TORQUES
Steering wheel nut 4.5 daNm (34 Ib./ft.)

STEERING WHEEL SHAFT

REMOVING

- Place the front of the vehicle on stands.

From underneath, remove:
- keybolt (1) and disconnect the shaft,
- disconnect the intermediate bearing (2) (2 bolts)

and remove it,
- remove 4 nuts (3) holding the shaft column to the

firewall.

From inside, remove:
- the steering wheel,

column covers,
- combination lighting switch,
- anti-theft lock,
- steering column bolts (4) under the dashboard.

Pull out the steering column and shaft assembly from
inside.

i
I

. J
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STEERING WHEEL SHAFT

REMOVING - REASSEMBLING

REASSEMBLY

Inside the vehicle
- Insert the steering column assembly through the

firewall.
Fasten the column by 2 bolts (4) to the bracket
under the dashboard.

Reassemble:
the anti-theft lock

- combination lighting switch
- column covers
- and steering wheel

3

Underneath the vehicle
attach the steering column and its plate (5) by 2
bolts

- slide the universal joint over the pinion splines and
secure it with keybolts (1) (See section J7-4)

- re-center the steering wheel if necessary (See
Section J7-4)
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INCORRECT STEERING CENTERING

PROBLEM:

The steering wheel does not return to center position
after either a right or left turn. The driver must
manually turn the steering wheel back to straighten
out.

ORIGIN OF PROBLEM:
1 - Sticki ng steeri ng
2 - Hard spot in steering column

CAUSES
1 - Incorrect plunger adjustment causes sticking.
2 - Steering column bushes fitted incorrectly.

Steering wheel shaft not greased on assembly.
Steering column UlJ's not aligned correctly.
Intermediate shaft clip on pinion shank fitted
incorrectly.

SOLUTION:
1 - Adjust steering box plunger

(Refer to JS-S)
2 - If the steering box is not the cause, perform the
following operations:

- Disconnect the intermediate shaft from the
steeri ng box

- Make sure that the assembly (steering wheel, top
shaft and intermediate shaft) turn easily.

- It may be necessary to withdraw the assembly to
lubricate or change the bushings. (See JS-S)

In all casesthe double universal joint must be aligned
as follows:_

- Set the front wheels in the straight ahead
position.

- Turn the shafts so that the double universal joint
pins (see drawing on following page) are at right
angles to the intermediate shaft and top shaft
plane.
This position is reached when the universal joint
pins are virtually parallel to the scuttle.

- Now fit the bottom universal joint to the steering
box pinion (grease the splines).
The bottom universal joint should enter the pinion
splines easily. Open the clamp slightly if necessary
using a screwdriver so that fitting is achieved
without any strain on the column assembly.

J7-3
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Double U/J

Clamp

STEERING BOX

ADJUSTING THE PLUNGER

Top bush

Top steering shaft

U/J pins

Intermediate shaft

/
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STEERING WHEEL SHAFT
CHANGING THE BUSHINGS

TIGHTENING TORQUE
7

Steering wheel nut 4.5 daNm (34 Ib.lft.)

REMOVING

• Remove the steering column assembly (see
previous paragraph) but leave the anti-theft lock
in position.

• Remove the circlip (7) and extract the shaft from
the bottom of the column withdrawing the
bottom bushing at the same time.

• Now use the top of the steering wheel shaft at an
angle to push out top bushing (8).

REASSEMBLY

• Coat the inside of the new bushing with grease
and the outside with rubber lubricant or soapy
water solution.

• Lift up the new bottom split bushing (1) to the
shaft with an old bushing (2) reduced 2 mm
(O.08") in diameter underneath it.

• Insert the shaft with its new bottom bushing into
the bottom of the steering column and push it
until the bushing is between the indents.

• Withdraw the shaft and remove the old bushings
(2).

• Tap the top bushing into the top of the column
using a piece of tube 35 mm (1.38") diameter.

• Attach the circlip
• Reassemble the steering column assembly to the

vehicle (see previous chapter)

J7-5

8

1
, ~.J

I
i)



DRIVE SHAFTS

REMOVING - REASSEMBLING

TIGHTENING TORQUES
Shock absorber base bolts 8 daNm (60 Ib./ft.)
Steering arm nut 3.5 daNm (26 Ib./ft.)
Drive shaft nuts 20. daNm (147 Ib./ft.)
Wheel nuts 12 daNm (90 Ib./ft.)

REMOVING
• Place the affected side on a stand and remove the

wheel.
• Remove:

- the drive shaft nut; prevent the hub from
turning with locking tool Rou. 604.

- the steering arm ball joint nut at the stub axle
carrier end using extractor T.Av. 476.

• Remove the 4 shock absorber bottom mounting
bolts on the MacPherson® strut.

• Tilt the stub axle carrier and release the drive shaft
at the wheel end.

J8-1
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DRIVE SHAFTS

REMOVING - REASSEMBLING

• Punch out the drive shaft rollpins at the gearbox
end using drift B.Vi. 606.

• Place a receptacle to catch the oil and withdraw
the drive shaft from the planetary gear.

REASSEMBLY

• Coat the drive shaft splines with grease and insert
the shaft into the planetary gear splines.

• Insert 2 new rollpins using drive B.Vi. 606 smear
grease on the inside oil slinger.

• Coat the drive shaft splines at the stub axle end
with Loctite 680<!l and insert it in the hub. (See
page J4-5)

• Re-attach the stub axle carrier to the shock
absorber (4 bolts).

• Reconnect the steering arm ball joint to the stub
axle carrier.

• Torque tighten the drive shaft nut using locking
tool Rou. 604 and a torque wrench.

CAUTION
Inside oil slinger must be installed at drive axle
replacement. Seepage J4-', item 8.

J8-2
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DRIVE SHAFTS

OVERHAULING (SPIDER G182 COUPLING)

These operations may be carried out on this type of
coupling:
- boot change
- spider gear change
- and a yoke change

The disassembly method is the same for all three
operations. The method of reassembly differs for the
yoke as the sheet metal cover must be crimped in
place.

1. Yoke
2. Cover
3. Spider gear
4. Seal
S. Retaining clip
6. Rubber boot
7. Retaining ring
8. Drive shaft

DISMANTLING

• Place adhesive tape or the protective cap (supplied
with new drive shaft) on the bearing surface for
the differential nut oil seal.

• Cut the crimped clip and the boot along its full
length.

• Remove as much grease as possible.

J8-3



DRIVE SHAFTS

OVERHAULING (SPIDER G182 COUPLING)

• Remove the yoke.
• Do not remove the roller cages from their

respective trunnions. The cages and rollers are
matched and must never be mixed.

• Attach plastic retainer (10) supplied with new
spider gears, or adhesive tape around the spider
gear to make sure of this.

• Never use any sort of thinners for cleaning the
component parts.

• Extract the spider gear in a press.

J8-4
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DRIVE SHAFTS

OVERHAULING (SPIDER G182 COUPLING)

REASSEMBLING

When replacing the spider gear or boot:
• Lubricate the drive shaft and slide on the new

retaining clip and boot.
• Mount the spider gear onto the splined shaft.

!
I

)

• Crimp at 3 poi nts 1200 apart by peeni ng the metal
on the splines over onto the drive shaft.

• Remove the plastic retainer or adhesive tape.
• Mount the spider gear onto the yoke.
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DRIVE SHAFTS

OVERHAULING (SPIDER G182 COUPLING)

• Spreadthe greaseequally between the boot and
the yoke (150 gr.)

• Locate the boot lip in the grooves on the drive
shaft and on the cover.

• Mount the retaining ring over the boot.

• Insert a smooth round-ended piece of rod
between the boot and yoke to restrict the amount
of a.ir trapped inside the coupling.

• Lengthen or shorten the coupling to obtain
dimension A = 162mm (63/8") (dimensiontaken
between the boot and face and the largest
diameter machined face on the yoke.)

• Remove the rod when in this position.

• Mount a new boot retaining clip and crimp with
an appropriate tool.

J8-6
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DRIVE SHAFTS

OVERHAULING (SPIDER G182 COUPLING)

I

I

LI

REASSEMBLING

VVhen changing a yoke:
- Lubricate the drive shaft and slide on the new

retaining clip and boot.
- Slide the yoke cover over the shaft and spider gear

onto the drive shaft splines.
Crimp at 3 points 1200 apart by peening the spline
metal over onto the drive shaft.

• Align the 2 raised dots on the cover with a yoke
cut-out (the yoke bei ng fitted with a new O-ri ng
(3) and slide the yoke into the cover.

• Use a press to crimp the cover over the yoke.
• Make sure the yoke is fully seated.

DO NOT ALLOVV THE PRESSURETO INCREASE.
• Crimp the cover to the yoke in this position then

complete the operation in the same manner as for
a boot change.
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DRIVE SHAFTS

OVERHAULING (LOBRO 6-BALL COUPLING)

Two operations may be carried out on this type of
coupling:
- a coupling change
- a boot change

6·BALL COUPLING AT THE WHEEL END

1. Bell-shaped stub axle
2. Drive shaft
3. Rubber boot
4. Balls
5. Ball hub
6. Ball cage
7. Retaining ring

DISMANTLING

- Cut the clip and boot all the way along.
- Remove as much grease as possible.
- Spread retaining ring (7) and tap the exposed face

of ball hub (5) at the same time.
- Separate the coupling from the shaft.

J8-8
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DRIVE SHAFTS

OVERHAULING (LOBRO 6-BALL COUPLING)

DISASSEMBLING

- Slide onto the shaft:
rubber collar (A)

- boot (3)
Slide the ball coupling complete with retaining
ring onto the shaft splines until the retaining ring
locates in shaft groove (B).

I

/
~ 2

78 614

- Spread the grease (140 g.) around inside the boot.
- Locate the lips of the boot in the grooves in

bell-shaped stub axle (1) and in drive shaft (2).
.. 200

000" .1

- Mount the retaining clips over the boot with 2
short lengths of tube.

J8-9
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SECTION "K"

REAR AXLE

Subsection 1 • Specifications

K1-1 Special Tools
K1-2 Identification & Special Features
K1-3 Tightening Torques
K1-4 Alignment
K1-S Lubrication

Subsection 2 • Rear Axle

K2-1 Changing the Bearing

Subsection 3 • Rear Axle Assembly

K3-1 Remove and Replace

Subsection 4 • Rear Axle and Spring Assembly

K4-1 Remove and Replace
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SPECIAL TOOLS

Rou.907 Standard Axle

Rou. 896 Heavy Axle

Mot. 49

Sprocket and bearing extractor
Order Tool No. 700010-75-600 EA

Hub seal inserting tool
Order Tool No.
700000-90-700
700000-89-600

Rou. 889

Tools for removing/installing hub grease cup 
heavy duty axle

Order Tool No. 700000-94-300 EA

r

Tool for extracting inserting rear hub inner bearing
Order Tool No.
700000-80-100
700001-08-000
700000-89-800

Rou. 801 Standard Axle
Rou.1080 Medium Axle

Rou. 898 Heavy Duty Axle

/~

~~;~

~~

$~ ) ~
Rou.541 '/ /

~~
Dial indicator bracket for measuring rear

hub end play
Dial indicator

Order Tool No. 700000-54-100 EA
Dial indicator

Order Tool No. 72046E-BO-OOO EA
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SPECIFICATIONS

IDENTIFICATIONS AND SPECIAL FEATURES

- One-piece tubular axle beam secured to the
chassis by means of a double leaf spring and
rear swinging link on each side.

- Rubber bushed pivot points.
- Hub-drum assemblies mounted on taper roller

bearings.

,.,
~.~ -.
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SPECIFICATIONS

TIGHTENING TORQUES

Torque tighten the hub nut to 10 daNm (74Ib./ft.),
turning the hub at the same time.

Unscrew the nut 72° (the ang Ie between 2 adjacent
wheel studs).

K1-3
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REAR AXLE ALIGNMENT

DIAGNOSIS

Preliminary checks

Examine the following and check if necessary before
proceeding with the alignment check:
- tire symmetry on the same axle

dimensions
inflation pressures
tread wear
pivot points
condition of rubber bushings
bearing play
wheel end play
not to exceed 1 mm (.040") (to be compensated
for with measuring instrument)
underbody height symmetry (condition of
suspension)

I i

. \

J

CHECKING AND ADJUSTING

The vehicle must be unladen and ready for the road.

Place the rear wheels on turntables.

Check:
- toe-in

toe-out
- and camber

If necessary, adjust the toe-in distribution (or axle
alignment) by loosening the "U" bolts. Retighten the
"u" bolts after adjustment.

NOTE: Check that any correction made is in the right
direction or on the right side so as to avoid
excessivedisplacement of the axle in relation
to the spring blade longitudinal center.

.,1

\

)

K1-4



SPECIFICATIONS

ALIGNMENT

--- .. --.._-------

TOE-IN

78423

Value

0° to 0°30'

Position Adjustment

Non-adjustable

78423

TOE-OUT

(or axle alignment)

0° to - 0° 30'
(0 to - 3 mm)
(0 to - 1/8")

UNLADEN' Non-adjustable

LUBRICATION

GREASE

Units to be greased
Drum bore

Hub grease cup
Taper rollers
Wheel studs

I

Max. difference
between R.H. and
L.H. sides:

G = 10 mm (3/8")
A = 20 mm (25/32")

• The "UNLADEN" position means that the vehicle
is in running order ready for the road (fuel tank full
and tire inflation pressures correct).

K1-5
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REAR AXLE
CHANGING THE BEARINGS

HEAVY DUTY REAR AXLE

Changing the Bearings

REMOVAL

• Use pullers Rou. 889 to remove the hub grease
cup.

• Loosen the wheel nuts only and place the rear of
the vehicle on stands.

• Remove the wheel nuts and wheel concerned.
• Release the handbrake and slacken the secondary

cables to allow the lever to return.
• Remove backplate plug (2) and visually check for

sufficient clearance between brake linings and
enable the drum to be removed.

• If the clearance is insufficient because of the
position of the self-adjusting system, pull the
brake lever stop (1) with a pair of pliers to allow
the shoes to back off further.

K2-1
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HEAVY DUTY REAR AXLE
CHANGING THE BEARINGS

I

• Remove the cotter pin and nutlock (1)
• Unscrew the nut, remove the thrust washer and

outer bearing
• Remove the hub-drum, extract the worn grease

seal and the bearing outer race.

Fitti ng extractor Rou. 898

• Fit locating sleeve (2) over the stub axle
• Slip over the 2 half-shells (1)
• Hold the complete assembly with sleeve (3)

Rou.898

• Usetool Rou. 898 and extractor Mot. 49 to extract
the inner bearing.

• Use a screwdriver to extract the deflector, if
necessary.

K2-2
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HEAVY DUTY REAR AXLE
CHANGING THE BEARINGS

REASSEMBLY

• If the old deflector has been removed, install a
new one using a piece of pipe with 68.5 mm
(2.69") bore.

• Mount the bearing to the stub axle and push it on
the first 10 mm (.39") using a piece of 36 mm bore
pipe.

• Complete the operation by drawing it on with
sleeve (2) from tool Rou. 898 and the stub axle
nut.

• Fit the following to the hub:
- The bearing outer race using pipe of suitable

diameter
- A new grease seal using tool Rou. 896
- Fill the inside of the hub with 65 g. (2.5 oz) of

multi-purchase grease and smear the rollers and
grease seal lip as well.

• Fit the following to the stub axle:
the hub
the outer bearing

- and the thrust washer and nut

Rou.896
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- Torque tighten the stub axle nut to 10 daNm (74
Ib./ft.) turning the hub-drum at the same time.

- Loosen the nut 72° (the angle between 2
adjacent studs).
Mount dial indicator bracket Rou. 541 and dial
indicator to the drum face and set the plunger
on the end of the stub axle.

- Check the endplay, which should be between
0.02 and 0.08 mm (.001 and .003"). Adjust by
turning the nut.

- Fit the nut lock, cotter pin and grease cup filled
with multi-purpose grease. Rou.541

- Adjust the handbrake.
- Fit the wheel and torque tighten the nuts.

K2-3
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REAR AXLE ASSEMBLY

REMOVE AND REPLACE

TIGHTENING TORQUES

REMOVAL

• Place the rear of the vehicle on stands
• Remove the following (refer to appropriate

sections):
- wheels
- brake drums
- bearings
- hub grease seal defectors
- brake backplates
- brake pipelines
- shock absorbers (at bottom fixings only)
- and the "U" bolts

"u" bolt nuts
Shock absorber bottom
Mounting nuts
Wheel nuts

8 daNm (60 Ib./ft.)
4 daNm (30 Ib./ft.)

12 daNm (90 Ib./ft.)

I REASSEMBLY

• Align the axle beam under its spring blades so that
locating dowels (1) fit into their holes (2) in the
beam.

• Bleed the brake circuit on completion of the
operation.

• Check rear axle alignment and adjust if necessary.
• Torque tighten the "U" bolts.

K3-1



REAR AXLE AND SPRING ASSEMBLY
REMOVE AND REPLACE

TIGHTENING TORQUES

Spring front and rear trunnion bolts
(10 daNm 74 Ib.lft.) .r;

Shock absorber top mounting nuts
1.5 daNm (11 Ib.lft.) ,

REMOVAL
- Place the rear of the vehicle on stands. From inside

the vehicle, remove the shock absorber top
mounting nuts.
Remove the rear spring trunnion mounting bolt
nuts and the shock absorber bottom mounting
nuts.
Disconnect the brake hose and hand brake
secondary cables.
Using a jack under the axle beam, take its weight
so that the front trunnion bolts may be removed.
Lower the jack and free the limiter control.
Remove rear blade clips (1)
Withdraw the complete assembly.

REASSEMBLY

- With the rear of the vehicle on stands, lift up the
rear axle assembly and insert the trunnion bolts at
the front of the rear springs. Remember to mount
the limiter control in its bearing.

- Using a jack under the axle beam, take its weight
and mount the rear trunnion bolts.

I

- the handbrake
- brake hose
- shock absorbers at their top mountings
- lower the vehicle onto its wheels and fasten the

shock absorber bottom mountings.
- torque tighten all the trunnion bolt nuts and

bleed the brake circuit.

!
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SECTION ilL"

SUSPENSION

Subsection 1 • Specifications

L1-1 Special Tools
L1-2 Identification & Tightening Torques

Subsection 2 • Front Struts

L2-1 Changing

Subsection 3 • Rear Spring Blades

L3-1 Changing

Subsection 4 • Rear Shock Absorbers

L4-1 Remove and Replace
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SPECIAL TOOLS

Front Spring Compressor (3-point)
(when changing front struts)

Order Part No. 700000-59-601 EA
Order Part No. 700000-86-300 EA

L 1-1



SPECIFICATIONS

TIGHTENING TORQUES

6 daNm

(44Ib.lft.)

FRONT SUSPENSION
- by coil springs
- double-acting shock absorbers
- built-in bump stops, shock absorber external

rubber bump stops.

. ·.1>\

12 daNm

(90 Ib.lft.)

20 daNm

(147Ib.lft.)

3.5 daNm

(25Ib.lft.)

6 daNm

(44 Ib.lft.)

(25 Ib.lft.)

3.5 daNm

(120 Ib./ft.)

16 daNm

(60Ib.lft.)

II

10 daNm

(75Ib./ft.)
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SPECIFICATIONS
IDENTIFICATION· TIGHTENING TORQUES

REAR SUSPENSION

- by double leaf spring with rear double
trunnions

- double-acting hydraulic shock absorbers with
built-in bump stop

- rubber snubbers on sidemembers

1.5 daNm

(11 Ib./ft.)

8 daNm

(60 Ib.lft.)

4daNm

(30 Ib./ft.)

L 1-3



FRONT STRUTS

CHANGING

TIGHTENING TORQUES

Shock absorber bottom mounting bolts
8 daNm (60 Ib.lft.)
Wheel nuts
12 daNm (90 Ib.lft.)

REMOVING
Place the side concerned on a stand.

Unscrew only 3 shock absorber bolts on the stub axle
carrier. The 4th bolt will remain in position to hold
the shock absorber-spring assembly while the top
mounting is unfastened.

- Place a jack under the lower suspension arm to
support the half-axle.

- From inside the passenger compartment remove
the 3 nuts holding the top mounting.

- Remove the MacPherson@ strut assembly by
undoing the 4th bolt on the stub axle carrier.

L2-1
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FRONT STRUTS

CHANGING

Hold the MacPherson® strut assembly in a vise.

Place spring compressor Sus.863 over the coil spring.

Before compressing the spring, unlock the nut on the
shock absorber piston rod using a wrench and a
right-angle screwdriver after first removing the
socket.

Compress the spring until the tool assembly and
spring turn free on the shock absorber.

Remove:
- rod nut (1)
- cupwasher (2)
- distance piece (3)
- and washer (4)

/
_4..../
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FRONT STRUTS

CHANGING

NOTE: Rubber mounting pad (5) and needle roller
bearing (6) are an assembly and cannot be
separated. If one or other is worn, the
assembly must be changed.

Release the spring tension gradually until it reaches
its free length then remove it.

REASSEMBLY

Compress the spring.

Place the shock absorber in a vise and place the
spring-tool assembly over it.

Place the following on the shock absorber piston
rod:
- washer (4)
- spacer (3)
- cupwasher (2)
- and nut (1)

Check that the end of the last spring coil butts up
against the cupwasher at (A).

L2-3
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FRONT STRUTS
CHANGING

Remove spring compressor Sus. 863.

Tighten the nut on the top of the rod with a wrench
and a right-angled screwed river.

SUB. 863

Reassemble the MacPherson@ strut to the vehicle
securing it at the top first (3 nuts) then at the bottom
(4 bolts).

L2-4



FRONT STRUTS

CHANGING

TIGHTENING TORQUES
Stub axle carrier bolts 8 daNm (60 Ib.lft.)
Wheel nuts 12 daNm (90 Ib.lft.)

The MacPherson® strut has no serviceable parts and
cannot be rebuilt.

L2-S
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REAR SPRING BLADES

CHANGING

i •

TIGHTENING TORQUES

Spring trunnion bolts 10 daNm (75 Ib.lft.)
"U" bolt nuts 8 daNm (60 Ib.lft.)

REMOVING
- Place the rear of the vehicle on stands and remove

the nuts from spring trunnion bolts.
- Using a jack, take the weight of the axle and

remove the "U" bolts. Remove the front and rear
trunnion bolts and remove the spring blade(s).

REASSEMBLY
With the rear of the vehicle on stands, coat the
trunnion bolts with grease. Fasten the spring blade(s)
at the trunnion end first then attach the "U" bolts.
Make sure that locating dowel (1) is in its recess(2) in
the axle beam.

Check the rear axle alignment and adjust if
necessary.

2'.
'.
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REAR SHOCK ABSORBERS

TIGHTENING TORQUES
Piston rod nut (as a guide).. 1.5 daNm (11 Ib.lft.)
Bottom mounting nut 4 daNm (30 Ib.lft.)

REMOVING

Unscrew the top locknut and main nut
Placethe rear of the vehicle on a stand on the side
concerned

- Unscrew the bottom mounting nut
- Mark the way in which the cupwashers are stacked

Remove the shock absorber

L4-1
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SECTION "M"

HEATING· VENTILATING

Subsection 1 • Specifications

M ,-, Special Tools
M '-2 General Information
M'-3 Operation

Subsection 2 • Dashboard

M2-' Remove and Replace

Subsection 3 • Heater Control Panel

M3-' Changing

Subsection 4 • Air Flow Distribution Cable

M4-' Adjustment

Subsection 5 • Heater Valve and Fresh Air Door Cable

MS-' Adjustment

Subsection 6 • Airflow Distributor

M6-' Remove and Replace

Subsection 7 • Heater Valve

M7-' Changing

Subsection S • Fan Motor

MS-' Remove and Replace
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SPECIAL TOOLS

MOT. 453-01

Hose Clamp (maximum dia. 25 mm)
Order Part No. 700000-45-301 EA

M1-1



SPECIFICATIONS

GENERAL

Heating, defrosting and ventilating functions are
provided by air taken from outside the vehicle
and channelled through the warm air blower.

Two air distribution circuits leave the warm air
blower housing .

• Circuit (1) passesthrough the heater assembly
(3). This circuit provides:
- windshield defrosting and heating when the

heater valve is open
- fresh air when the heater valve is closed.

• Circuit (2) is a direct fresh air supply for side
ventilators (4) on the dashboard.

M1-2
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Defog
Position

SPECIFICATIONS

OPERATION

Control Panel

Fan motor
Switch

Heater valve and fresh air entry flap

Temp
Mid-way
Position

M1-3

Air distribution circuits

Heater valve

closed .

Heater valve

closed



Bi-Level

Position

'11 i

Floor
Position

Control panel

SPECIFICATIONS

OPERATION

Fan

As Desired

Fan
As Desired

Temperature
Mid-way
Position

M1-4

Air distnb t' 'u Ion Circuits

Heater valve
closed

Heater valve
closed

\
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Bi-Level
Position

r',-,antral panel

SPECIFICATIONS

OPERATION

Temperature
Cool Position

(Fresh Air)

Air distribuf .Ion circuits

Dash Vents
Open

Heater valve
closed

Bi-Level
Position

Temperature
Hot Position

M1-S

Heater valve
open



DASHBOARD
REMOVE AND REPLACE

• Disconnect battery
• Remove the 3 sliding knobs
• Remove the front of the control panel

• Remove the 2 screws holding the control panel

!
\

J
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)
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• Remove the Instrument panel cowl
• Press down on the top of the cowl then pull it

towards the steering wheel.
• Remove gauge cluster assembly. Depress upper

retaining clips and tip toward steering wheel.
Harnesses and speedometer cable can now be
disconnected for complete removal.

M2-1
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DASHBOARD
REMOVE AND REPLACE

i -

• Remove steering wheel
• Remove the top and bottom covers from steeri ng

column
• Remove the accessoriesplate on the left, label and

remove wiring
• Remove ash tray
• Disconnect heater control lights and lay aside.
• Remove radio
• Remove beverage tray
• Open fuse panel door
• Pullout fuse panel - turn sideways - push back

through hole and out of the way
• Disconnect battery condition gauge (if equipped)
• Remove the lower dashboard retaining screws

• Lift the dashboard to remove it
• Top side is retained by snap-clips illustrated at

right
• Remove through passenger side door

M2-2



HEATER CONTROL PANEL
CHANGING

REMOVING

• Disconnect the battery
• Remove:

- the front of the control panel
- instrument panel cowl
- instrument panel

(refer to chapter "Dashboard remove &
replace")

• Remove the two control panel screws (S).
• The control panel is fastened by 2 metal brackets

(6) in production. These may be cut to assist
removal.

II

----5
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• Disconnect cables (7) and (8).
• Disconnect the feed wires.

REASSEMBLY

• Perform the removal operations in reverse order.

\

i
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AIRFLOW DISTRIBUTION CABLE
ADJUSTING

Position of Top door
Bottom door

sliding knob 0
ClosedClosed• OpenClosed.~ OpenOpen

~

ClosedIOpen

This cable controls both distribution flaps (top and bottom)

• Push outer sleeve (14) against the stop
• Clip the outer sleeve
• Attach outer sleeve (14) to the panel
• Door positions:

- bottom: open
- top: cIosed

• Slide control knob to position
• Tighten the cable
• Replacethe cable in the panel if the cable cannot

be tightened in the above position
• Check the operation by sliding the control knob

and observing that the doors open and close.

M4-1



HEATER VALVE AND FRESH AIR DOOR CABLE
ADJUSTING

This cable controls the heater valve and fresh air door.

Position
sliding knob

MAX. COLD
INTERMEDIATE

MAX. HOT

Fresh air door

Open
Closed
Closed

Heater valve

Closed
Closed
Open

• Attach cable (8) to heater valve (9).
• Clip outer sleeve (10).

• Attach cable (8) to sliding knob (11).
• Set the heater valve in the "Off" position.
• Set sliding knob (11) to "Max. Cold" position.
• Clip outer sleeve (12).

- If the cable cannot be clipped in this position,
reset it at the heater valve end.

- Check the operation by sliding the control knob
and observing that both the heater valve and
the fresh air door open and close correctly.

1
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AIRFLOW DISTRIBUTOR

REMOVE AND REPLACE

REMOVING

• Disconnect the battery
• Remove the dashboard
• Remove the windshield defrosting duct
• Remove the heater control panel. Do not

disconnect the heater valve cable.
• Remove screws (1), (2), and (3)
• Remove the airflow distributor on reassembly
• Make sure that lip (4) is behind the metal

retaining lip on the firewall.

--
-- ==--._ . .: ~ - .:.:.:...-:.::.:--=.::~
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HEATER VALVE

CHANGING

REMOVING

• Clamp hoses (1) and (2) using clamp Mot. 453-01. 1
• Disconnect hoses (1) and (2)
• Remove cable clip (3)
• Disconnect cable (5) at the heater valve end
• Remove fresh air door rod (4)
• Remove the screws holding the heater valve
• Remove the valve

REASSEMBLY

• Lift up the new heater valve
• Attach the heater valve cable
• Attach the fresh air door rod
• Attach hoses (1) and (2)
• Bleed the cooling system after the operation is

complete

CAUTION
Serious internal engine damage could result due to
low coolant level if the cooling system is not bled
after this operation.

M7-1



HEATING - VENTILATING FAN MOTOR
REMOVE AND REPLACE

REMOVING

• Disconnect the battery
• Clamp hoses (1) and (2) with clamp Mot. 453-01
• Disconnect hoses (1) and (2)
• Remove the fan

• Remove the heater assembly
• Remove clip (3) holding the fan motor feed wire
• Release clips (4) holding the fan motor
• Withdraw the motor

M8-1
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SECTION "N"

AIR CONDITIONING

Subsection 1 • General Information and Wiring
N1·1 Overhead AlC
N1-2 Overhead AlC - Exploded
N1-4 Receiver Drier Access
N1-S Condensor Assembly
N1-7 Evaporator Wiring

Subsection 2 • AlC System Operation

N2-1 Basic System Description

Subsection 3 • Servicing the AlC System

N3-1 Stabilizing the System
N3-1 Adding Refrigerant
N3-3 Receiver - Drier Replacement Intervals and Moisture Contamination
N3-S Evacuati ng the System
N3-7 Charge the System

Subsection 4 • AlC System Diagnosis

N4-1 Diagnosis Procedure
N4-3 Pressure Temperature Charts
N4-4 Test Conditions Solutions
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TYPICAL OVERHEAD AIR CONDITIONING

ITEM DESCRIPTION QTY

a

Wire Hose - 2 x 32 2

b

Wire Hose - 2 1/2 x18 2

c

Drain Tube 1

d
Liquid Hose 1

e

Suction Hose 1

f

Floorboard Grommet 1

9

Louver EscutchlSwitchPanel 1

h

Louver Eschutcheon 2

i
Louver 4

j

Side Vent Assembly 2

k
Side Vent Adapter 2

m

Seal - Plenum to Louver 2

n

Seal - Center Plenum ,
p

Louver Assembly. 3" 2

q

Louver Assem bly - 2" 2

r

Extension 2

6

Insulation 2

8

Screw 12

9

Washer 12

11

Roof InsulationPad ,
12

Screw 14

, 5

Screw 3

N 1-1



TYPICAL OVERHEAD AIR CONDITIONING SYSTEM
EVAPORATOR ASSEMBLY

ITEM DESCRIPTION

1
Case, Bottom Sub Assembly

2
Bracket, Forward - Evaporator Mounting

3
Gasket Tape Seal 1/8" x 3/4" x 106"

4
Insulation, Top

5
Case, Top

6
Bracket Rear Evaporator Mounting

7
Evaporator Coil

8

Armorflex, 3/4"ID x 6"

9

Motor Mount

10

Blower Motor

11

Wheel, Blower CCW Rotation

NS

Wheel, Blower CW Rotation

12

Drain Tube 1/2" x 30"

13

Hose, Wireform 2" x 32"

14

Hose, Wireform 2 1/2" x 20"

15
Hose, Liquid #6 TXV/Receiver

16
Expansion Valve

17

Armorflex 7/8 ID x 6"

18
Tiewrap w/Mounting Hole

19
Tiewrap, 15"

20

Motor Cover

21

Fan Switch Bracket

22
Escutcheon, Louver andSwitch Panel

23

Fan Switch

24
"0" Ring, # 10

25
Louver Assembly, 3"

26
Louver Assembly, 2"

27

Knobs

28
"0" Ring Cap Tube

29
Bulb Clamp

30
"v" Clip

31
Fitting, Aeroquip

32
Hose, Clamp #6

33
Clamp, Hose Drain1/2"

34

Floorboard Grommet

35
Relay I ITEM DESCRIPTION

36
Wire, Harness

37

Seal, Center Plenum toLouver

38
Seal, Plenum to Louver

39

Thermostat

40
Escutcheon Vane Assembly Side Vent

41
Hose, Liquid Condenser Receive (In)

42

Escutcheon Louver

43

Louver

44

Bracket, Front PlenumMounting
45

Bracket, Thermostat

46
Hose Clamp, #10

47

Lint Screen, Mesh

48
Plenum, Right Side

49

Plenum, Bottom

50
Plenum, Top

51

Plenum, Left Side

52

Service Valve

53

Suction Hose #10

54
"0" Ring, AeroquipFitting

55
Coupling, Flexible

56

Insulation, Baffle Plate

57

Plate, Baffle

58

Receiver/Drier

59
Bracket, ReclDrier, Mtg Clamp

60
Receiver/Drier Mtg Bracket

61
"0" Ring #6

62
"0" Ring #8

63

Scott Foam 20 x 12"

64

Aluminum Screen Wire

65

Vibration Eliminator

66
Compressor Suction Adaptor Assembly

67
Nut, Speed 1/4 - 12"

68
Steel Spacer 3/4" x 21/64"x 5/8"

69

Bolt, 1/4 - 20 x 3/4"

)

J
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TYPICAL EVAPORATOR ASSEMBLY
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RECEIVER - DRIER ACCESS

~_..•..•_~:~---~~~.--~----~~~;~~;~~;~;fA~P~
Ale Fan & wiring Access

(:- - '

IMPORTANT

This Trim Pad provides access to the Receiver-Drier

N1-4
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AlC COMPRESSOR· CONDENSER ASSEMBLY

1/'
",'

ITEM DESCRIPTION QTY

a

Condenser 1

b

Bolt 4

c

Spacer 4

d

Washer 4

e

Nut 4

ITEM DESCRIPTION QTY

2

Bolt 4

3

Fan Bracket 1

4

Fan 2

5

Radiator Gasket 2

6

Radiator Gasket 2

N1-S



CONDENSER ASSEMBLY

12

14 \

~ 15 at/~)

~13

8

ITEM DESCRIPTION QTY

1

Coil, Condenser 1

2

Bracket, Condenser Mounting 4

3

O-ring #6

4

Line, Liquid Condenser 1

5

Clamp, Hose 1

6

Fittings, Aeroquip 1

7

O-ring 1

8

Hose, Discharge #8 1

9
Service Valve, Discharge 1

10

o ring #8 2

11

o ring #10 1

12

Clamp, Hose #4 2

13

Screw, 10 24 x 11/2 PPH 8

14

Switch, High Pressure 1

15

Switch, Low Pressure (Fan) I
1

16

Switch, Low Pressure Cut Out 1

17

Spacer 4

18

Keps Nut 1/4 - 20 4

N1-6
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EVAPORATOR WIRING

V. IG N.

Light Blue from Th.rmo.t.t to
Pr••• ur. Switch .t Cond.n •• r

+12 V. BATTERY

Two 25 Amp break.r •• t
br •• k.r pan.1 und.r hood

N1-7

1. Fuse· 25 Amp.
2. Relays· 1331146
3. Fan Switch Plug
4. Thermostat
5. Fan Motors



Ale SYSTEM OPERATION

Basic Operation

The automotive air conditioning system is a simple
mechanical device designed to move heat from
within the vehicle to the outside air. It usesall of the
principles of heat transfer discussed in the previous
chapter and is divided into a HIGH PRESSURESIDE
and a LOW PRESSURESIDEas indicated by the line
drawn through the center of the Compressor and
Expansion Valve as shown in the accompanying
diagram. All components above this line are on the
high side and operate under high pressure; all
components below the line are on the low side and
operate under low pressure.

\

BASIC AIR CONDITIONING SYSTEM-
t

COHDEHSER

-

COMPRESSOR

t

1

DISCHARGE

(HIGH SIOE)~, '~\

Ie! I ~~ !. I HIGH SIDE

eJ";. ~/,"__ Ii . op _

• ~ I .. II

,I' ',,~: LOW SIDE
SUCTIOt< ~, ,/

(LOW SIDE!

-
EVAPORATOR

J-
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Ale SYSTEM OPERATION

BASIC AIR CONDITIONING SYSTEM
REFRIGERANT FLOW CYCLE

t

t

LOW SIDE CONTAINS:

1. Suction side of the Compressor and its Low Side
Service Fitting.

2. Evaporator
3. Outlet half of Expansion Valve
4. Connecting hoses to all parts described above.

HIGH SIDE CONTAINS:

1. Discharge side of Compressor and its High Side
Service Fitti ng.

2. Condenser
3. Receiver-Drier

4. Inlet half of expansion valve.
S. Connecting hoses to all parts described above.

N2-2



SERVICING THE AlC SYSTEM

STABILIZING THE SYSTEM
With Manifold Gauge Set connected into the
system, air and moisture purged from high and low
side test hoses, and both manifold hand valves
closed, the air conditioner is ready for testing. The
system must be operated for a few minutes to
allow all components to attain operating stability
and the system must be checked for a full
refrigerant charge before tests can be made.
Stabilize the system as follows:

System must be properly stabilized.

System Stabilizing Procedure
1. Start engine and adjust engine to normal fast

idle speed.
2. Turn air conditioner on and set for maximum

cooling with blower fan on high speed.
3. Open doors or windows.
4. Operate air conditioner for 5-10 minutes to

stabilize system.
5. Check system for full refrigerant charge by

noting sight glass indication. See page N3-4
for sight glass data. On systems where sight
glass is not used, note gauge readings. See
N4-3 for normal gauge readings. An
insufficient charge will be indicated by high
and low gauges registering lower than
normal.

System must have full charge.
If an insufficient refrigerant charge is indicated by
the test gauge readings and sight glass indication,
the system must first be fully charged before
accurate tests can be performed to determine the
cause of system failure. The stabilizing period is an
ideal time to add refrigerant to bring the system to
a full charge. Refer to ADDING REFRIGERANT.

Some refrigerant loss is normal.
Some refrigerant losswill occur from one season to
the next and is accepted as normal. Vibration, hose
porosity, and the general construction of
components mounted on a moving vehicle make
the leak-free system an exception. Replacing this
refrigerant loss between seasons will constitute
much of the quick service required on air
conditioning equipment.

ADDING REFRIGERANT

System must contain full refrigerant charge.
The air conditioner must contain a full refrigerant
charge before an accurate system check can be
made. An insufficient charge is indicated by both
the high and low side gauge readings registering
lower than normal. Also the sight glass will show a
stream of bubbles or foam. Refer to the
accompanying illustration and proceed as follows
with the system still in operation.

Adding Refrigerant Procedure
1. If can of refrigerant-12 is not already

connected to manifold gauge set center hose,
connect can as follows: Install can valve on can
of R-12 and connect can valve to center hose.

2. Loosen center hose connection at gauge
manifold, open can valve for several seconds to
purge air from the center hose, then tighten
hose connection and close can valve.

3. Start engine and operate air conditioner. With
system operating, slowly open low side
manifold hand valve to allow refrigerant to
enter the system.

NOTE The low side of the system is the SUCTION
side and the Compressor will pull
refrigerant from the can into the system.

Add charge on Low Side Only.

CAUTION
High side hand valve must never be opened while
system is operating. This would result in
refrigerant being pumped into the can and
causing it to burst. NOTE: The high side of the
system is the DISCHARGEside and compressor
would push refrigerant out of the system (unless
safety can valve used).

4. With refrigerant container in upright vapor
position, add refrigerant until sight glass clears
or gauge readings are normal.

NOTE Refrigerant can may be rocked from side to
side to increase flow of refrigerant into
system.

CAUTION

Never turn can into a position where liquid
refrigerant will flow into system.

5. Close low side manifold hand valve and
refrigerant can valve.

6. Continue to stabilize system and check for
normal refrigerant charge.

N3-1
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SERVICING THE Ale SYSTEM

ADDING REFRIGERANT TO SYSTEM

(SYSTEM OPERATING)
LOW SIDE HIGH SIDE

LOW SlOE
HAND VALVE

OPEN

HIGH SIDE

(TO CONDENSER)

COMPRESSOR

VALVES OPEN
lh·2 TURNS

(MID·POSITION)

LOW SIDE
(TO EVAPORATOR)

N3-2

HIGH SIDE
HAND VALVE

CLOSED

R12

REFRIGERANT CAN



SERVICING THE AlC SYSTEM

RECEIVING-DRIER REPLACEMENT INTERVALS
The receiver-drier cannot be serviced and should be
replaced whenever there is reason to believe the
dessiccant has become saturated with moisture or
if there is any doubt as to its correct functioning.

A quick check of the receiver-drier can be made by
feeling the receiver-drier and the inlet and outlet
hoses or refrigerant lines with the system
operating. These should be warm to the touch. A
cool receiver-drier or lines indicates a malfunction.

Receiver-Drier must be replaced at certain
intervals.

In regular operation, the following replacement
schedule should be used:

Normal Conditions - Replace receiver-drier every
third time the system is opened for repair or
servicing.

Special Conditions - Replace receiver-drier each
time the system is opened when operated under
the following conditions.

1. In a high humidity area (high moisture content
in the air.)

2. If the system has been open for a long period
as when an existing leak (broken hoses, loose
connections, etc) has allowed air and moisture
to enter the system.

3. Whenever thermostatic expansion valve is
replaced (usually because of corrosion caused
by moisture in system).

4. Whenever the receiver-drier or the outlet
hoses or lines are cool to the touch with
system operating.

S. When cloudiness is noted in the sight glass.

MOISTURE CONTAMINATION

Moisture in system will cause a corrosive acid to
form.

Any moisture in the air conditioning system is
extremely harmful. Moisture not absorbed by the
desiccant in the receiver-drier will circulate with
the refrigerant and droplets may collect and freeze
in the Thermostatic Expansion Valve orifice. This
would block the refrigerant flow and stop the
cooling action. Also, moisture will react with
Refrigerant-12 to form a hydrochloric acid which
will cause corrosion of the metal parts in the
system. Corrosion particles may become detached
and block the small passages and orifices in the
system.

Moisture must not be allowed to enter the air
conditioning system and the receiver-drier must be
replaced when the desiccant becomes saturated
and can no longer remove moisture from within
the system.

N3-3
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SERVICING THE Ale SYSTEM

RECEIVER-DRIER ASSEMBLIES

(TYPICAL)

I

SIGHT
GLASS

INLET

FIL TER PADS

DESICCANT

PICKUP TUBE

RECEIVER DRIEP\

OUTLET

CLOTH
DESICCANT
BAG

FIL TER
SCREEN
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EVACUATING THE SYSTEM

A system that has had the refrigerant removed to
perform repairs, or is excessively low on
refrigerant, must be evacuated with a vacuum
pump before new refrigerant is installed.

System must be evacuated to remove air and
moisture.

MOISTURE in any quantity (even a few drops of
water) is extremely harmful to the air
conditioning system and if not retained by the
desiccant in the receiver-drier will circulate with
the refrigerant. Moisture may collect and freeze in
the Thermostatic Expansion Valve orifice which
would block refrigerant flow and stop the cooling
action. Moisture will also react with
Refrigerant-12 to form hydrochloric acid which
will cause corrosion of the metal parts of the
system. Corrosion particles may become detached
and block the small passages and orifices in the
system. The desiccant in the receiver-drier can
absorb only a limited amount of moisture before it
becomes saturated and it is extremely important
to prevent moisture entering the system, and to
remove moisture which may have entered the
system through a leak or open connection.

Vacuum pump must be used for evacuation.

Unwanted air and moisture are removed from the
system by controlling the pressure; however,
instead of adding pressure, we remove pressure or
evacuate the system. A vacuum pump is the only
piece of equipment designed to lower the
pressure sufficiently so that the moisture boiling
temperature is reduced to a point where the
water will vaporize and can then be evacuated
from the system.

N3-5

Water boils at 212°F, at 14.7 psi (sea level). As the
vacuum pump lowers the pressure of the closed air
conditioning system, the boiling point of the
moisture in the system will also be lowered. In
evacuating the system, it is necessary to lower the
boiling point of any moisture in the system to a
point lower than the ambient temperature to
ensure that all moisture is boiled off. At an
ambient temperature of 75°F., when the desired
vacuum of 29.5 inches of Hg. is reached, water will
boil at approximately nOF and a complete boiling
off of all moisture in the system is assured when
this vacuum reading has been reached.

Altitude affects vacuum gauge readings.

At altitudes higher than sea level, it will not be
possible to obtain a vacuum reading of 29.5 inches
of Hg. on the low side compound gauge. For each
1000 feet of altitude, the vacuum gauge must be
corrected by 1 inch of Hg. to compensate for a
change in atmospheric pressure. For example, at
altitudes between 950 and 1,050 feet, a gauge
reading of 28.5 inches of Hg. will be the same as a
gauge reading of 29.5" of Hg. at sea level. When
this vacuum is reached, approximately 30 minutes
should be allowed in evacuating the system to
ensure complete moisture removal.

i

I



LOW SIDE

EVACUATING THE SYSTEM

HIGH SIDE

HIGH SIDE
(TO CONDENSER)

In of Hg
24
25
26
27
28
29

29.5

Ambient

Temp.

1410

1330

1260
115"
1010

800

59°

VALVES OPEN
H/.2 TURNS

(loll D· POS! nOH)
VACUUM PUMP

LOW SIDE
(TO EVAPORATOR)
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CHARGING THE SYSTEM

CHARGING THE SYSTEM (COMPLETE CHARGE)

HIGH SIDE·

(TO COtlOEtlSER)

COMPRESSOR

LOW SIDE

VALVES OPEtl·
1'2-2 TURtlS

(MID- POSI TIOtl)

LOW SIDE •
(TO EVAPORATOR)

N3-7

HIGH SIDE

- SEFTEXT' FOR- LOW,SIDE
':CHARGING PROCEDURE:

R12

REFRIGERANT CAN
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DIAGNOSIS OF Ale SYSTEM

In most instances, when a vehicle is brought in for
air conditioning service work, the complaint will be
"Lack of Cooling" or "Insufficient Cooling". The
first problem will be to determine why the air
conditioner is not operating at normal efficiency.

The conditions summarized on the following pages
cover the common causes of the air conditioner
failure to cool the vehicle satisfactorily. A
corrective procedure is detailed for each condition.

Perform the following diagnostic procedure to
determine the conditions applying to each
particular case.

DIAGNOSIS PROCEDURE

1. Connect the gauge manifold set to the high
and low side connections at the compressor.

2. Operate air conditioner to stabilize system and
perform an operating test.

3. Note gauge readings and other indications as
listed under "Conditions". Refer to
"Pressure-Temperature Relationship" chart if
ambient temperature is not the same as that
listed. NOTE: "Shaded" section of chart
indicates normal operating range (see page
N4-3).

4. Note trouble as listed under complaint and
make any additional tests indicated.

5. Perform all corrective procedures indicated
under "Correction".
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EVACUATING THE SYSTEM

GAUGE SET CONNECTIONS FOR TESTING

LOW SIDE

HANDVALVE

CLOSED

HIGH SIDE
(TO COHDEHSER)

COMPRESSOR

LOW SIDE

VALVESOPEH
1'1·2 TURNS

(loll D·POSI TlOH)

LOW SIDE
(TO EVAPORATOR)

N4-2

HIGH SIDE

HIGH SIDE

HAND VALVE

CLOSED
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DIAGNOSIS OF Ale SYSTEM

CONDITION 1

REFRIGERANT SLIGHTLY LOW

LOW sloe LOW

LOW SIDE
HAND VALVE
CLOSED

LOW SIDE HOSE
CONNECTED TO
LOW sIDe SERVICE
CONNECTOR

AMBIENT:
TEMP: 95° F.

HIGH sIDe LOW

HIGH SIDE HOSE
CONNECTED TO
HIGH SIDE SERVICE
CONNECTOR

:1

Complaint

Little or no cooling.

Condition
1. Low side gauge reading too low. Should be

15-30 psi.
2. High side gauge reading too low. Should be

185-205 psi ambient temperature of 95°F. See
Chart for pressures at other ambient
temperatures.

3. Stream of bubbles visible in sight glass.
4. Discharge air from evaporator only slightly

cool.

Diagnosis

System low on refrigerant. May be caused by
small leak.

Correction

1. Leak test system.
2. Discharge refrigerant from system if necessary

to replace units or lines.
3. Repair leaks.
4. Check compressor oil level. System may have

lost oil due to leakage.
5. Evacuate system using vacuum pump.
6. Charge system with NEW Refrigerant-12.
7. Operate system and check performance.

N4·4
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DIAGNOSIS OF Ale SYSTEM

CONDITION 2

REFRIGERANT EXCESSIVELY LOW

LOW SIDE lOW

lOW SIDE
HAND VALVE
CLOSED

lOW SIDE HOSE
CONNECTED TO
lOW SIDE SERVICE
CONNECTOR

iAMBIENT .;
'J.EMP.-95° ·F.;

HIGH SIDE lOW

HIGH SIDE HOSE
CONNECTED TO
HIGH SIDE SERVICE
CONNECTOR

Complaint

Cooling is not adequate

Condition
1. Low side gauge reading very low. Should be

15-30 psi.
2. High side gauge reading very low. Should be

185-205 psi at ambient temperature of 95°F.
See chart for pressures at other ambient
temperature.

3. No liquid and no bubbles visible in sight glass.
4. Discharge air from evaporator is warm.

Diagnosis

System excessively low on refrigerant. Serious
leak indicated.

Correction

1. Leak test system.
NOTE: Add partial refrigerant charge before

leak testing to ensure a leak test
indication. a). Leak test compressor seal
area very carefully. b). On cars with
suction throttling valve, valve
diaphragm may be leaking.

2. Discharge refrigerant from system.
3. Repair leaks.
4. Check compressor oil level. System may have

lost oil due to leakage.
5. Evacuate system using vacuum pump.
6. Charge system with NEW Refrigerant-12.
7. Operate system and check performance.
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DIAGNOSIS OF Ale SYSTEM

CONDITION 3

AIR IN SYSTEM

lOW SIDE NORMAL

LOW SIDE
HAND VALVE
CLOSED

LOW SIDE HOSE
CONNECTED TO
LOW SIDE SERVICE
CONNECTOR

- AMBIENF
. TEMP: 9S<?- F.

HIGH SIDE NORMAL

HIGH SIDE HOSE
CONNECTED TO
HIGH SIDE SERVICE
CONNECTOR

'\I

Complaint

Cooling is not adequate

Condition
1. Low side gauge reading is constant and does

not drop. Pressure should drop until
compressor cycles (thermostat control) or
should indicate modulation (suction control).

2. High side gauge reading slightly high (or
slightly lower especially if large fan used to
substitute ram air). High side gauge reading
should be 185-205 psi at ambient temperature
of 95°F. See chart for pressures at other
ambient temperatures.

3. Sight glass free of bubbles or shows only
occasional bubble.

4. Discharge air from evaporator only slightly
cool.

Diagnosis

Non-condensables present in system. Air or
moisture present instead of full refrigerant charge.

Correction

1. Leak test system.
a. Leak test compressor seal area very

carefully.
2. Discharge refrigerant from system.
3. Repair leaks as located.
4. Replace Receiver-Drier. Drier probably

saturated with moisture.
5. Check compressor oi I level.
6. Evacuate system using a vacuum pump, with

particular attention to moisture removal from
system.

7. Charge system with NEW Refrigerant-12.
8. Operate system and check performance.

N4-6
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DIAGNOSIS OF Ale SYSTEM

CONDITION 4

COMPRESSOR MALFUNCTION

lOW SIDE HIGH

LOW SIDE
HAND VALVE
CLOSED

lOW SIDE HOSE
CONNECTED TO
LOW SIDE SERVICE
CONNECTOR

Complaint

-AMBIENT ~
'1'EMP.-95° ·f."~

HIGH SIDE LOW

NOTE: This symptom is
similar to an open expan
sion valve. Before condem
ning compressor, check ex
pansion valve.

HIGH SIDE HOSE
CONNECTED TO
HIGH SIDE SERVICE
CONNECTOR

Correction

2.
1.

Low side gauge reading too high. Shouldbe
15-30 psi. 2.

High side gauge reading too low. Should be
185-205 psi at temperature of 95°F. See Chartfor pressures at other ambient temperatures.

3.
3.

Sight glass free of bubbles (systemis fully4.

charged). 4.
Discharge air from evaporator not sufficiently

cool.

Cooling is not adequate.

Condition

Diagnosis

Internal leak in compressor. Reed valves or head
gasket leaking. Compressor pistons, rings, or
cylinders excessively worn or scored.

1. Isolate compressor (systems with high and low
side service valves) or discharge system
(systems without service valves).
Remove compressor cylinder head and inspect
compressor.
a. replace reed valve plate assembly if

necessary.
b. install cylinder head using NEW gasket.
Check compressor oil level.
Replace Receiver-Drier if:
a. System previously opened.
b. System operated two or more seasons

with present unit.
c. Compressor inspection reveals desiccant

particles (very fine golden or brown
particles).

5. Evacuate compressor or evacuate system (if
completely discharged) using vacuum pump.

6. Charge system with NEW Refrigerant-12.
7. Operate system and check performance.
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DIAGNOSIS OF Ale SYSTEM

CONDITION 5
CONDENSER MALFUNCTION OR SYSTEM OVERCHARGE

LOW SIDE HIGH

lOW SIDE
HAND VALVE
CLOSED

LOW SIDE HOSE
CONNECTED TO
lOW SIDE SERVICE
CONNECTOR

JAMBIENT '
"!TEMP .:95°'f-,

HIGH SIDE HIGH

HIGH SIDE
HAND VALVE
CLOSED

HIGH SIDE HOSE
CONNECTED TO
HIGH SIDE SERVICE
CONNECTOR

-I

,f

Complaint
Little or no cooling. Engine overheating may also
be noted.

Condition
1. Low side gauge reading excessively high.

Should be 15-30 psi.
2. High side gauge reading excessively high.

Should be 185-205 psi at 95°F. See chart for
pressures at other ambient temperatures.

3. Bubbles may appear occasionally in sight glass.
Liquid line very hot.

4. Discharge air from evaporator is warm.

Diagnosis
Improper condenser operation with lack of cooling
caused by excessivehigh side pressure. System may
have either normal charge or overcharge of
refrigerant.

Correction
1. Check for loose or worn drive belts causing

excessive compressor head pressures.
2. Inspect condenser for clogged air passages,

bug screen, or other obstructions preventing
air flow through condenser.

3. Inspect condenser mounting for proper
radiator clearance.

4. Inspect clutch type fan for proper operation.
5. Inspect radiator pressure cap for correct type

and proper operation.

After making above corrections:
1. Operate system and check performance.

If condition not corrected:
1. Inspect system for overcharge of refrigerant

and correct as follows:
a. Discharge refrigerant until stream of

bubbles appears in sight glass and both
high and low gauge readings drop below
normal.

b. Add new Refrigerant-12 until bubbles
disappear and pressures are normal, then
add 1/4-1/2 lb. more refrigerant.

2. Operate system and check performance.

If gauge readings still too high:
1. Discharge system.
2. Remove and inspect condenser for oil

clogging.
3. Replace Receiver-Drier.
4. Evacuate system using vacuum pump.
5. Charge system with NEW Refrigerant-12.
6. Operate system and check performance.

N4-8

'j



DIAGNOSIS OF Ale SYSTEM

CONDITION 6

MOISTURE IN SYSTEM

LOW SIDE NORMAL

LOW SIDE
HAND VALVE
CLOSED

LOW SIDE HOSE
'cONNECTED TO
LOW SIDE SERVICE
CONNECTOR

.AMBIENT>
'TEMP ..:qso F.

HIGH SIDE NORMAL

HIGH SIDE HOSE
CONNECTED TO
HIGH SIDE SERVICE
CONNECTOR

Complaint Diagnosis

Cooling is not adequate

NOTE Cooling may be satisfactory during early
morning or late evening hours but is not
adequate during hot part of the day.

Condition

1. Low side gauge reading normal (15-30 psi) but
may drop into vacuum during testing.

2. High side gauge reading normal (205 psi at
95°F) but will drop when low side gauge
reading drops into vacuum. See chart for high
side gauge reading at other ambient
temperatures.

3. Sight glass may show tiny bubbles.
4. Discharge air from evaporator is sharp and cold

but becomes warm when low side gauge
reading drops into a vacuum.

Excessive moisture in system. Desiccant agent
saturated with moisture which is released during
high ambient temperatures. Moisture collects and
freezes in expansion valve and stops refrigerant
flow.

Correction

1. Discharge refrigerant from system.
2. Replace Receiver-Drier.
3. Evacuate system with vacuum pump.
4. Charge system with NEW Refrigerant-12.
5. Operate system and check performance.
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DIAGNOSIS OF Ale SYSTEM

CONDITION 7

LARGE AMOUNT OF AIR IN SYSTEM

LOW SIDE HIGH

lOW SIDE
HAND VALVE
CLOSED

LOW SIDE HOSE
CONNECTED TO
lOW SIDE SERVICE
CONNECTOR

AMBIENT

~TEMP. 95° F.
HIGH SIDE HIGH

HIGH SIDE HOSE
CONNECTED TO
HIGH SIDE SERVICE
CONNECTOR

I

I
, j

Complaint

Little or no cooling

Condition

1. Low side gauge reading too high. Should be
15-30 psi.

2. High side gauge reading too high. Should be
185-205 psi at ambient temperature of 95°F.
See chart for pressures at other ambient
tem peratu res.

3. Occasional bubbles evident in sight glass.
4. Discharge air from evaporator is not cool.

Diagnosis

Air in system. Refrigerant contaminated by
non-condensables (air and/or moisture).

Correction

1. Discharge refrigerant from system.
2. Replace Receiver-Drier which may be

saturated with moisture.
3. Evacuate system using vacuum pump.
4. Charge system with NEW Refrigerant-12.
5. Operate system and check performance.

N4-10



DIAGNOSIS OF Ale SYSTEM

CONDITION 8
THERMOSTATIC EXPANSION VALVE MALFUNCTION

(VALVE STUCK OPEN)

LOW SIDE HIGH

LOW SIDE
HAND VALVE

CLOSED

lOW SIDE HOSE
CONNECTED TO
LOW SIDE SERVICE
CONNECTOR

AMBIENT
lEMP.95° F.

HIGH sloe NORMAL
OR SLIGHTLY LOW

HIGH SIDE HOSE
CONNECTED TO
HIGH SIDE SERVICE
CONNECTOR

Complaint

Little or no cooling.

Condition
1. Low side gauge reading too high. Should be

15-30 psi.
2. High side gauge reading normal or slightly

low. Should be 185-205 psi at an ambient
temperature of 95°F. See chart for pressuresat
other ambient temperatures.

3. Discharge air from evaporator warm.
4. Suction hose and evaporator show heavy

sweating.

Diagnosis
Expansion valve allowing excessive flow of
refrigerant through evaporator causing flooding of
evaporator coils.

Testing
1. Check for expansion valve stuck open or

incorrect mounting of temperature sensing
bulb as follows:

a.) Set air conditioner for maximum cooling
and operate the system.
b.) Spray liquid Refrigerant-12 on head of
valve or capillary bulb; note low side gauge
reading. Low side gauge should drop into a
vacuum.
c.) If low side vacuum reading obtained, warm
expansion valve diaphragm chamber with
hand, then repeat test (Step "b").

Correction
1. If expansion valve test indicates valve

operation is satisfactory, proceed as follows:
a.) Clean contact surface of evaporator outlet
pipe and temperature sensing bulb, clamp
bulb securely in contact with pipe.
b.) Operate system and check performance.

2. If expansion valve test indicates valve is
defective, proceed as follows:
a.) Discharge system
b.) Replace expansion valve
c.) Evacuate system using vacuum pump.
d.) Charge system with New Refrigerant-12.
e.) Operate system and check performance.
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DIAGNOSIS OF Ale SYSTEM

CONDITION 9

THERMOSTATIC EXPANSION VALVE MALFUNCTION
(VALVE STUCK CLOSED)

LOW SIDE LOW

lOW SIDE
HAND VALVE
CLOSED

lOW SIDE HOSE
CONNECTED TO
LOW SIDE SERVICE
CONNECTOR

AMBIENT
TEMP. 95° F.

HIGH SIDE LOW

HIGH SIDE HOSE
CONNECTED TO
HIGH SIDE SERVICE
CONNECTOR

1
Complaint

Cooling is not adequate.

Condition
1. Low side gauge reading too low (0 psi or a

vacuum). Should be 15-30 psi.
2. High side gauge reading too low. Should be

185-205 psi at ambient temperature of 95°F.
See chart for pressures at other ambient
temperatu res.

3. Discharge air from evaporator only slightly
cool.

4. Expansion valve inlet may show heavy
sweati ng or frost.

Diagnosis
Expansion valve restricting refrigerant flow due to
clogged screen, stuck valve, or temperature sensing
bulb having lost its charge.

Testing
1. If expansion valve inlet is cool to touch,

proceed as follows:
a.) Set air conditioner for maximum cooling
and operate the system.
b.) Spray liquid Refrigerant-12 on head of
valve or capillary bulb, note low side gauge
reading. Low side gauge should drop into a
vacuum.
c.) If low side vacuum reading obtained, warm
expansion valve diaphragm chamber with
hand, then repeat test (Step "b").

d.) If expansion valve test indicates valve
operation is satisfactory, clean contact surface of
evaporator outlet pipe and temperature sensing
bulb, clamp bulb securely in contact with pipe.
Proceed with correction procedure (below).

2. If expansion valve inlet shows sweating or frost
proceed as follows:
a.) Discharge system.
b.) Disconnect inlet line at expansion valve,
remove and inspect screen.
c.) Clean and replace screen, reconnect inlet line.
d.) Proceed with correction procedure (below).

3. If expansions valve test (step "1" preceding)
indicates valve is defective, proceed as follows:
a.) Discharge system.
b.) Replace expansion valve, then proceed with
correction procedure (below).

Correction
1. After cleaning expansion valve screen, or

replacing expansion valve if necessary, and
properly mounting temperature sensing bulb on
evaporator outlet pipe, proceed as follows:
a.) Evacuate system using vacuum pump.
b.) Charge system with NEW Refrigerant-12.
c.) Operate system and check performance.
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DIAGNOSIS OF Ale SYSTEM

CONDITION 10

RESTRICTION IN HIGH SIDE

I

LOW SIDE LOW

LOW SIDE
HAND VALVE
CLOSED

LOW SIDE HOSE
CONNECTED TO
LOW SIDE SERVICE
CONNECTOR

Complaint

AMBIENT
TEMP. 95° F.

NOT USED

Ld

HIGH SIDE HIGH

Restriction At Expansion
Valve Or Receiver-Drier
Outlet Will Cause Low

High Side Reading!

HIGH SIDE HOSE
CONNECTED TO
HIGH SIDE SERVICE
CONNECTOR

Discharge

Cooling is not adequate

Condition
1. Low side gauge reading too low. Should be

15-30 psi.
2. High side gauge reading will build excessively

high. Should be 185-205 psi at an ambient
temperature of 95°F. See chart for pressures at
other ambient temperatures.
NOTE An overcharged system, or a Condenser

or Receiver-Drier that is too small, will
cause high side gauge reading to be
normal or excessively high.

3. Discharge air from evaporator only slightly
cool.

4. Liquid line cool to the touch; line or
Receiver-Drier may show heavy sweating or
frost.

Restriction in Receiver-Drier or liquid line with
compressor removing refrigerant from evaporator
faster than it can enter resulting in a "starved"
evaporator.

Correction

1. Discharge system.
2. Remove and replace Receiver-Drier, liquid

lines, or other defective parts.
3. Evacuate system using vacuum pump.
4. Charge system with NEW Refrigerant 12.
5. Operate system and check performance.
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DIAGNOSIS OF Ale SYSTEM

CONDITION 11

DEFECTIVE THERMOSTATIC SWITCH

lOW SIDEGAUGE

COMPRESSOR
CYCLES "ON"

34 p.i
CYCLES "OFF"

28 p.i

LOW SIDE
HAND VALVE
CLOSED

LOW SIDE HOSE
CONNECTED TO
LOW SIDE SERVICE
CONNECTOR

AMBIENT'
, TEMP. 95° F.

HIGH SIDENORMAL

HIGH SIDE HOSE
CONNECTED TO
HIGH SIDE SERVICE
CONNECTOR

Complaint

Compressor cycles (cuts in and out) too rapidly.

Condition

1. Low side pressure cycle too high with
insufficient range between OFFand ON. Cycle
should be:

Cycle "Off" - 12-15 psi.
Cycle "On" - 36-39 psi.
Cycle Range - 24-28 psi.

2. High side gauge reading Normal (200 psi).
Should be 185-205 psi at ambient temperature
of 95°F. See chart for pressures at other
ambient temperatures.

Diagnosis

Thermostatic switch defective.

Correction

1. Stop engine and turn air conditioner OFF.
2. Remove and discard old thermostatic switch,

install new switch of same type.
3. When installing new Thermostatic Switch,

make certain the capillary tube is installed in
same position and to same depth in
evaporator core as old switch tube.

CAUTION
Do not kink or bend capillary tube sharply (tube
is gas filled).

4. Operate system and check performance of
new thermostatic switch.
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VEHICLES WITH AUTOMATIC TRANSMISSION
OPERATING INSTRUCTIONS

In the regulator box of your Speed Control is a
safety switch which will not let the system operate
until your vehicle is moving above a pre-selected
low speed. At the factory this "low speed switch"
is set to close between 27 and 33 mph; it should,
however, be checked during the Road Test.

The Control Switch is the switch you useto operate
all features of the system described in the
following paragraphs. It is installed near the turn
signal lever.

Set Speed - On the control switch, move the slide
button to the ON position and drive at any speed
above 32 mph at which you want automatic
control. Hold that speed with your foot while you
press and release the SET/COAST button. One
second after release, take your foot off the
accelerator pedal.

You can increase speed at any time with the
accelerator pedal. When you release the pedal, you
wi II retu rn to the set speed.

Acceleration • Hold the slide button in the
RESUME/ACCELposition and your vehicle will
accelerate until you release it, then your vehicle
will slow to your set speed and again control there.

If you want to make the higher speed your new set
speed, release the slide button when you reach the
speed you want, and as you do, quickly press and
release the SET/COASTbutton. Remember, you set
speed as you release the button - Not when you
press it.

COAST· When you press and hold the SET/COAST
button, you erase the set speed from the
regulator's memory and allow the vehicle to coast.
Just before you reach the lower speed you want,
release the button and it will control there,
providing it is above the low speed setting.

DISENGAGEMENT· Depress the brake pedal about
an inch and you are again in control of the vehicle
speed. You can also disengage the Speed Control
by pushing the slide button to OFF,but this erases
the set speed from the regulator's memory.

RESUME· When you disengage the system with
the brake, you do not erase the set speed from the
regulator's memory, even if you come to a
complete stop. To return to your chosen speed,
drive to a speed above 32 mph, then move the slide
button to the RESUME/ACCELposition and release
it. The Speed Control will take you back to your set
speed and control there.

If the rate of acceleration is faster or slower than
you like, drive with the accelerator to a speed close
to the set speed, then slide the button to the
RESUME/ACCELposition and release It.

UNUSUAL CONDITIONS • When the regulator is
adjusted right, your selected speed should be held
within plus or minus 4 mph, as long as grades do
not exceed 7% (most interstate highways). Since
the Speed Control is vacuum operated, this speed
range will widen as you drive at higher altitudes.

When you are pulling an extra heavy load,
climbing a very steep hill, or bucking a severe head
wind, a much wider than normal throttle opening
is needed.

The way to handle these occasional problems is to
bring the vehicle up to speed with the accelerator
pedal - and then let the Speed Control take over
again.

There is no drain on the battery when the ignition
switch is off - even if the control switch is left on.

WARNING
Do not use your Speed Control on slippery roads,
nor in heavy traffic.
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COMPONENTS

The major components of the system are:

• Signal Generator - attached to the speedometer
cable drive adaptor at the transmission.

• Regulator - a computer board mounted behind the
instrument panel.

• Servo - mounted in the engine compartment and
linked to the throttle.

• Control Switch - on the steering column near the
turn signal lever.

• Disengagement Switch/Dump Valve Assembly 
operated by the brake pedal.

All other parts in the kit are for connecting these
components to the vehicle, and to each other.

SIGNAL GENERATOR

CAUTION
Be SURE all square driving members and
speedometer cable are properly engaged with their
mating counterparts and all cable nuts are tight.
"Snap-in" type ends must be completely engaged.

AUXILIARY TRANSMISSION KICK-DOWN SWITCH

Explanation of Auxiliary Switch: When the Cruise
Control is pulling on the throttle, the vehicle's
existing trans. kick-down switch cannot be activated
because the vehicle's throttle cable is at rest. The
switch is activated when cruise cable moves to nearly
full end of its travel. The throttle linkage strikes
switch lever and closes the contacts of switch to
activate kick-down.

A. Bracket and Micro-Switch Assembly. To install,
unscrew metric hex head, screw, slip notch of
bracket under lock-washer and retighten screw
to hold switch bracket. (See Figure 7).

NOTE: Switch is factory adjusted, but if kick-down
need be adjusted, the lever of the switch can
be bent to get adjustment. After adjusting,
move throttle by hand to full open to see
that switch IS NOT acting as a stop.

'''0'' Ring

Seal ~

'r""m;,,,," ~~

ca\e7(:\
'Signal Seal A~ Trans

Generator 14,,>r\ ~/.
~ SpeedometerSpeedometer !~W Cable. Lower

Cable-Upper 4[:.\ ~\ Split Plastic\ ~P( ': Retainer Snaps

~• /:;~> Into Groove .
t.>~c· Not Included in Kit/' .~

.-y \
,~

/::=---V / 'These Parts Furnished Assembled/\ '--.~ __J'----"
/ Wire Tie

Existing
Mounting

Screw

J

1,

J
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COMPONENTS

VACUUM RESERVOIR MOUNTING

The vacuum reservoir is mounted beneath battery
bracket. May require removing battery and bracket
to locate reservoir.

VACUUM HOSE INSTALLATION

5/32" I.D. X 60" long attaches to intake manifold.
Locate nipple on top of intake manifold (left hand
side of engine).

Vacuum Reservoir

s""\ /7\W/~ (/I ~, ,II \ 'I' 0I G -;: / \ \ 1\1 $ / \
Ii, 1///:81 ~ \

I, II ,/ Ii...9'

r (IN \

;~,(\~'@'7'7 5/3~'~:/6" /
9/32" I.D. ~. / / /

" ' .I
Formed Hose ". ..../

~.') 5/32"X~ /'P Hose / \/l(. To
Dump Valve . '- Intake

Manifold

Vacuum
Source
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COMPONENTS

1/4-20 Nut & Lock
Washer Assembly

Green Grounding Wire
in Servo Harness

PIN 53A-00172

Small Plastic Cover

PIN 55A-00804
Cable Coupling

Cable Core

I I

Existing No, 6 Screws

Speed Control Cable
End Filling

Rubber Sleeve

c 1i

J

,I

\

i
j

\

I

A. To remove old cable, slide rubber sleeve off
cable end fitting so slots are exposed.

B. Slide small plastic cover off coupling and onto
servo coupling cable. Use side cutter pliers or
small screwdriver to spread coupling. Remove
core end of old cable from coupling.

C. Remove and retain two No. 6 screw and
washer assemblies-attaching cable end fitting
to servo.

D. Thread servo coupling cable into end fitting of
new Speed Control cable and out through slot.
Attach cable to servo with two screw retained.

E. Put core end of cable in coupling and squeeze
it closed with pliers. Slide small plastic sleeve
back onto coupling.

F. From other end of cable, pull all slack from
cable core and slide rubber sleeve back into
place over end fitting slots.
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DISENGAGEMENT SWITCH ASSEMBLY

C. Loosen No. 10 screw in slot and slide switch
forward against brake arm until plunger extends
3/8" to 1/4" from switch body. Hold switch there
and tighten screw. Switch must be closed.
Vacuum nipple not used.

01-5
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ELECTRICAL CHECK

/ ELECTRICAL CHECK PROCEDURE
Use a 12-volt Test Light To Perform These Checks

CONDITION

POSSIBLE CAUSEREMEDY

Ignition Switch OFF. Control Switch ON.

Light OFF, all terminalsNone. system O.K
Ground one lead of test light. touch other lead to each termmal of connector in-

Test light ON at terminals 5.7. and 14Red tused wire connected to wrong power
dividually.

source. Use a "switched" power source at
fuse block. Test light should be "ON" when ig-nition sWitch is "ON" and "OFF" when ignitionswitch is "OFF".

Ignition Switch ON. Control Switch ON.

Test light ON at terminals 5. 7. and 14None system O.K.
Ground one test light lead. Touch other

only
lead to each term mal of connector in- dividually.

No light on any terminalReplace fuse. if blown. Connect red wire to ig-
nition switched power source.

Ignition switch ON Control Switch ON.

Test light OFF at terminal 14.None, system O.K.
Ground one test light lead. Press and hold SET SPEED button and touch other

Test light ON at terminal 14.See Trouble Shooting GUide - Control
test lead to terminal 14.

Switch.

Ignition Switch ON. Control Switch ON.

Test light ON at terminal 10 and 14.None, system O.K.
Ground one test light lead. Press and hold. Slide switch to RESUME while

No light at terminal 10 and/or 14.See Trouble Shooting GUide - Control
touching other lead to terminal 10 and

Switch.
14 individually.

Ignition Switch ON. Control Switch ON.

Test light ON; puSh brake and test lightNone. system O.K.
Touch one test light lead to terminal No.

5goes OFF.
and other lead to terminal No. 13 Test light OFF

Adjust disengagement switch. Plunger travel
to get test light ON; OFF when brake pedal ispushed. Ground green servo wIre with eyelet'-....

terminal. Check light green wire connectiony

I
1

A. A test light or volt-ohmeter is needed to
perform these checks. If you have neither, a test
light can be made as shown.

Solder Two Places

HOMEMADE TEST LIGHT

Leads Approx.
12" Long

12 Volt Bulb
G.E.53

or Equiv.
.\

.\

B. A Speed Control System Tester is available which
will quickly indicate any problem area. The
Dana part number is 250·3122. More
information is given on pages 01-11 and 01-12.
If attaching the connector to the tester, the dark
green wire and Light NO.1 are at the same end.
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ELECTRICAL CHECK

C. To make this check, the 14-pin connector
must be disconnected from the electronic
regulator. The terminal numbers are very
small and are molded on the wire side of the
connector. Wire colors for the system are
shown on page 01-11.

NOTE: To release wiring harness, pry up and out
to release clip-regulator from regulator,
pull wiring harness from regulator.

D. When electrical check is done, turn ignition
off. Plug wiring harness onto regulator. Use
Black Plastic Clip-Regulator to hold regulator
and wiring harness together. Just push it into
place to install.

PRELIMINARY OPERATION CHECK

Electronic Regulator Check

A. Set parking brake hard, put shift lever in
"park" and start engine.

B. Keep one hand on ignition key and with
other hand push slide button on control
switch to ON position.

C. Pressand hold SET/COASTbutton for two or
three seconds, then release it. The system
should NOT engage. If it does (indicated by
engine racing faster than cold idle), turn off
ignition switch immediately. If system passed
electrical check above, and in this check,
engine did not race until SET/COASTbutton
was pressed, electronic regulator must be
replaced.

Vacuum Check

D. Run engine at idle, unplug hose from small
servo fitting, and put your finger over end.
You should feel a strong suction. If you do,

01-7

put hose back on servo fitting. If not, check
hose to intake manifold or hose attachment
to VAC Reservoir.

ROAD TEST

For Electrical Regulator Adjustments

NOTE: The adj ustments on the Electronic
Regulator (Low Speed Switch, Centering,
and Sensitivity) are set nearly correct at
the factory. However, the electronic
regulator can be adjusted if necessary. Full
adjustment range is 3/4 of a turn. DO NOT
force beyond stops. A small screwdriver
may be inserted through the appropriate
hole to engage the adjusting slot.

WARNING
To insure driving safety, a passenger should
accompany the driver to make adjustments.

A. Low Speed Switch Adjustment

1. Start vehicle and make ready for the
road.

2. Move slide button to ON position. Drive
at about 45 mph. Press and release
SET/COASTbutton to activate the system.
Apply brake and reduce speed to about
18 mph.

3. Move slide button to RESUME/ACCEL
position and hold it. Accelerate slowly,
noting speed at which accelerator pulls
away from your foot. This is the LOW
SPEEDswitch setting. It should be within
the range of 27-33 mph. If it is not,
adjust the "LOW SPEEDSW ADJ." on the
electronic regulator.

4. Turn clockwise to increase the setting, or
counterclockwise to decrease setting.

B. Centering Adjustment

1. Move slide button to ON position.
2. On a level road drive at about 45 mph.

Then push and release the SET/COAST
button. The system should engage, and
the speed should be within 2 mph of
your selected speed. If it is not, adjust
the "CENTERINGADJ." on the electronic
regulator.



3. Turn clockwise if the speed decreased, or
counterclockwise if the speed increased.
Make these adjustments in small steps.

C. Sensitivity Adjustment

The "SENSITIVITYADJ." is set at the factory.
No further adjustment is required. It should
be set to full clockwise position.

D. Final Test

After adjustments have been made, use all
the features of the system - Set Speed, Coast,
Resume, Accelerate - and move slide button
to "OFF". If everything checks satisfactorily,
you are done with the road test. If it does
not, see the Trouble Shooting Guide.

01-8
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TROUBLE

SHOOTINGGUIDE
CONDITION

POSSIBLE CAUSEREMEDY

Does not operate. "ON-OFF" switch "ON".

No voltage at either brown wire 01 14 pinCheck lor correct power source. blown fuae.
connector. main wiring harness

brokenred wire,broken brown wire(s) or
loose connections. Replace. repair, or tighten.

NOTE:

System will not engage If vehicle ISPoor electncal ground connection atCheck light green wire & its eyelet terminal.
not moving laster than the low speed setting.

servo and/or servo bracket.Tighten,.se rvo-to-bracket"nul.Tighten
"bracket-to-body"

screws(thisispart01
electrical ground return circuit).

Disengagement Switch Improperly

Adjust switch. Must be "closed" when brake
adjusted SWitch "open".

pedal is released.

Restricted vacuum or no vacuum.

Check lor pinched or disconnected vacuum
hoses.

Electrical.

See "Electrical Check", and Schematic.

In-line fuse blown, red wire.

Check lor short(s). Replace luse (5 amp malt.)

Control Switch faulty

Replace Control Switch For Control Switch
check, see end 01 "Trouble Shooting". "Con-trol Switch".

Signal Generator laulty. No continuity

Replace Signal Generator.
between blue wire & grey wire.

At regulator. electrical terminals in 14-pin

Bend contacts up slightly with small
connector of main wiring harness not making

sharp probe. Must be above small plastic
good contact with printed circuit board

separators 01 main Wiring harness
in regu lator.

14-pin connector body.

Low speed switch set too high.

Turn "low speed switch adj"counterclock-
wise. "Road Test".

Servo cable not connected.

Check cable connections atservo and at
throttle.

Electronic regulator faulty.

Replace electronic regulator.

Light green wire of dump valve

Ground light green wires to vehicle's
and servo wiring harness not grounded.

chassis.

Dump valve inoperative (coil open or

Electrical Check - Unplug connector from
valve leaking). re~uiator and check continuity between terml' (pink) and #1 (It. green). If circuit is open.check ground of light green wire at dumpvalve and connection of pink wire. If connec-tions ok and circuit open. replace dump valve.

Leak Check - Disconnect pink wire from main
wiring harness and apply 12 V. to dump valvewire. Unplug large hose from servo. suck onhose and seal end with tongue. If vacuum can-not be held. replace dump valve.

Engine accelerates when started.

No clearance at carburetor end ofAdjust slack at throttle lever.
servo cable.

Servo faulty.

Replace servo.

Vehicle continues to accelerate alter depres-

Servo faulty.Replace Servo.
sing and releasing "SET/COAST" bullon. Electronic regulator faulty.

Replace electronic regulator.

"RESUME/ACCEL" inoperative

Poor electrical ground connection atCheck light green wire & its eyelet terminal.
servo and/or servo bracket.

Tighten"servo-to-bracket"'nut.Tighten
"bracket-to-body" screws.

(Thisis part of
electrical ground return circuit.)

Control Switch faulty.

Replace Controi Switch. For Control Switch
Check. see end of "Trouble Shooting". "Con-trol Switch".

Does NOT disengage when brake pedal

Disengagement Switch AssemblyAdjust switch(s). Must be "OPEN" when
is depressed.

improperly adjusted; switch "CLOSED"brake pedal is depressed.
when brake pedal is depressed.

Servo cable kinked or binding.

Replace servo cable.

Servo faulty.

Replace aervo.

System in use. brake pedal depressed.

Disengagement Switch faultyReplace switch assembly.
system disengages. Then release brake

(electrical portion only).
pedal and system re-engages. \...

Electronic regulator faulty.Replace electronic regulator.../
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f TROUBLESHOOTINGGUIDE(Cont.) "'
CONDITION

POSSIBLE CAUSEREMEDY

"Reaume" does not cancel when ignition

Wrong power source. Power supply isSelect 12 volt power source for fused red
switch is turned off.

always on.wire which is "hot" when ignition switch is
"ON" and "COLD"

(no voltage) when igni-
tion switch is "OFF".

Throttle does not return to normsl idle.

No clearanca at throttle end of servo cable.Adjust slack at throttle 'ever.

Improper vehicle accelerator linkage

Adjust vehicle accelerator linkage.
adjustment.

Weak or disconnected vehicle throttle

Replace or connect vehicle throttle
return spring(s).

return spring(s).

Vehicle speed increases or decreases

"Cantering Adj." improperly set.Adjust "Cantering Adj." at electronic
more than 2 miles

regulator.
per hour when aetting speed with "SET ICOAST" bullon

Erratic operation or surging of Speed Control.

Loose speedometer cable nut andlor looseTighten cable nut andlor adaptor.
double hexagon adaptor at Signal Generator.

Bent drive tip(s), kinked or worn (relaxed)

Replace Speedometer cable.
speedometer cable core.

Servo faulty.

Replace Servo.

Electronic regulator faulty.

Replace Electronic Regulator.

System disengages on level road without

Loose wiring connections.Tighten connections.
depressing brake pedal. Loose or leaky vacuum connections.

Tighten connections.

Disengagement Switch Assembly

Adjust switch. Must be "Closed" when
not adjusted correctly.

brake pedal is released.

System engages but loses speed; then slowly

Poor electrical gro.und connection at servoCheck light green wire & Its eyelet terminal.
returns to "SET SPEED" selected.

and/or servo bracket.Tighten "servo-to-bracket"nut. Tighten
"bracket-to-body" screws. (This is part ofelectrical ground return circuit).

Dump Valve leaks.

Replace dump valve.

Hose from Servo to Dump Valve leaks.

Replace hose.

After system has been used and working for

SquaredriveofsignalgeneratororReplace signalgeneratororspeedometer
some time. Speed Control operation ceases.

speedometer cable(s) broken.cable(s).

~edometer may be inoperative.
--l

For additional assistance call Winnebago Technical Service or 1-800-438-3262.

/
CONTROL SWITCH

Use 12 volt test light and jumper wire.

~,.\~
Disconnect Control Switch at flat, 4-wire

~. ..•. ~~o

harness connector. Connect jumper wire from 12 volt power source to red wireterminal of Control Switch. • ?~LIGHT

WIRE

SWITCHREPLACE
TEST CONDITION

COLORO.K.SWITCH

Slide switch OFF, ground one test light

BrownOFFON
lead. touch other test lead in turn, to

GreenOFFON
terminal of:

YellowOFFON

Slide switch ON, ground one test light

BrownONOFF
lead. touch other test lead in turn. to

YellowONOFF
terminal of:

YellowOFFON

Slide switch ON, hold "SET/COAST" button

BrownONOFF
in. Ground one test light lead. touch

GreenOFFON
other test lead in turn. to terminal of:

YellowONOFF

Press and hold "RESUME/ACCEL" slide

BrownONOFF
Ground one test light lead, touch other

GreenONOFF
.J~st lead in turn, to terminal of: YellowONOFF

01-10
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THIS PROCEDURE FOR TESTING SYSTEM WITH GRA Y BOX REGULA TOR
SPEED CONTROL SYSTEM TESTER

EACH LIGHT CHECKS THE FOLLOWING

LIGHT 1 -----
Power Source. Fuse and
Ground, "On-Off" and
"Set/Coast" Position of Control
SwitCh, and Associated Wiring
Terminals and Connectors.

7·R

*NOTE: There will be a 250-3122
number on back to identify revision
made to Test 7-R System as well as
previous systems.

------LIGHT 6
Servo Charge Valve
"Resume/Accel" Contact of the
Control Switch and Associated
Wiring Harness Terminals and
Connectors.

LIGHT 2 ------- ••.•
Signal Generator and Associ-
ated Wiring Harness Terminals
and Connectors.

L- LlGHT 5
Servo Vent Valve, "Resume"
Contacts in the Control Switch
and Associated Wiring Harness
Terminals and Connectors.

LIGHT 3
Disengagement Switch Adjust
ment and Associated Wiring
Harness Terminals and Con
nectors.

'-- LlGHT 4
Throttle Position Feedback and
Associated Wiring Harness Ter
minals and Connectors.

WIRING SCHEMATIC

NOI Used

Dump Valve

Ignition Power

Vent Valve

Ignition Power

Charge Val ..••e

Speed Signal

Ground

Ground

REGULATOR
(Gray Box)

Fteel WiretWhite Stripe

14 Speed Set

Diaen~g.m.nt Switch
Valve·Common

Ftoaltion F•• dback

Resume-Aceal

Ton"
Yellow

10
9Pink Brown

7
White

6

5•Blue
3

Black

2

Lt. Green

,

Ok Green

Violet 13
Orange 12

DANA PART NUMBER 250-3122

L1. Green

Wtlite

Orange

Maroon

TanEBlack

Lt. Green~
i White

Oranoe
Maroon

Gro'8C Bluo

5Tan
Black

R=Gro,U-Blue

~ Iijl SIGNAL-----------~ GENERATOR
SERVO

SET RESUME ON OFF

~o..A~T_ ~C~Le-~'" - --iIT- - -.I : '--T' _.. - 'N'i, d:I I
I i I . I Red 1

: I L. ' : Brown~
1 ,I I Green 3

L ~ 1 Yellow "

CONTROL SWITCH

~ -: °B=LIGrean

DISENGAGEMENT SWITCH

THE TESTER IS AVAILABLE FROM WINNEBAGO
SERVICE PARTS.
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To Test, Disconnect Harness From Regulator and Connect To Teater

Test No. and Condition

,. Correct Power Source:
Ignition Switch "Off"
Control Switch "On"

Correct Response

ALL LIGHTS OFF

Trouble Shooting For Incorrect Re.pon.e

ANY LIGHT ON DURING TEST NO. 1
Red Wire Connected Directly To Constant Power Source.

LIGHTS
ON OFF
1.2,&4 3,5,&6
Release Brake Pedal and Light 3
Will Go "On"

2. System's Electrical
Continuity:
Ignition Switch "On"
Control Switch "On"

3. Disengagement Switch
Continuity:
Ignition Switch "On"
Control Switch "On"

Push and Hold Brake pedal

4. Servo Continuity:
Ignition Switch "On"
Control Switch "On"
Push and Hold Sel/Coast Bullon

S. Control Switch Contact
Check.:
Ignition Switch "On"
Control Switch "On"
Slide and Hold ON-OFF Switch
to "Resume/Accel"

ON
1,2,3,&4

ON
2,3,4,5&6

LIGHTS

LIGHTS

ALL LIGHTS - ON

OFF
5&6

OFF
1

These Are Checks To "'.ke For Incorrect Light. In Test. 2
Thru S. Replace Components if Necessary.

ALL LIGHTS OFF - Check Red Wire Fuse. Check Light Green
Wire Ground.

LIGHT 1 OFFoCheck Red. Brown and Green Wires and Ter
minal at Control Switch Connectors. Check Dark Green Wire
(No.1 4) at 14-Pin Connector. Check all Light Green Connec
tions between 14·Pin Connector and Servo.

LIGHT 2 OFFoCheck Contlnuity between Blue snd Grey
Wires of Signal Generator Harness. Check Light Green Wire
Connections between 14-Pin Connector and Servo, and Con
nections of Black, Blue. Brown (No.5) and Grey Wires in Main
Wiring Harness.

UGHT 3 OFFoCheck Disengagement Switch Adjustment.
Check No 7 Brown Wire at 14·Pin connector. Check both
Violet Wire Connections and All Light Green Wire Connce
tions between Disengagement Switch and Servo.

LIGHT 4 OFFoCheck Continuity between Black and Tan
Wires of Servo Harness. Check Light Green Wire Connec
tions between 14-Pin Connector and Servo. Check Connec
tions of Bisek and Tan Wires in Main Wiring Harnesa.

LIGHT 5 OFFoCheck Continuity between Orange and White
Wires in Servo Harness. Check All Connections of White,
Yellow and Orange Wires in Main Wiring Harness.

LIGHT 6 OFFoCheck Continuity between Orange and Maroon
Wires in Servo Harness. Check All Connections of Maroon,
Yeliow and Orange Wires in Main Wiring Harne ••.

ALL LIGHTS OFF-After Pushing "SET/COAST" or
"RESUME/ACCEL" in Tests 4, 5. or 6; Biown Fuse, Maroon or
White wires Shorted; Bad Servo.

)

6. Start Engine

Momentarily Hold SET/COAST
Bullon In and Release it
When Engine Starts to Race

Engine Should Run in a Normal Manner

Throllie Will Open Quickly and Light
4 Will Dim

IF THROTTLE DOES NOT OPEN, Check Connection 01
Servo Cable to Servo and Servo Cable to Throttle Lever,
Check Adjustment 01 Disengagement Switch; Check Attach
ment at Both Ends of Vacuum Hoses. Check Dump Valve and
Servo for leaks or Disconnection.

TESTER CANNOT BE USED TO ROAD TEST
SPEED CONTROL
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VEHICLES WITH 5·SPEED TRANSMISSION
OPERATING INSTRUCTIONS

In the regulator box of your Speed Control is a
safety switch which will not let the system operate
until your vehicle is moving above a pre-selected
low speed. At the factory this "Iow speed switch"
is set to close between 27 and 33 mph; it should,
however, be checked during the Road Test.

The Control Switch is the switch you use to operate
all features of the system descri bed in the
following paragraphs. It is installed near the turn
signal lever.

Set Speed· On the control switch, move the slide
button to the ON position and drive at any speed
above 32 mph at which you want automatic
control. Hold that speed with your foot while you
press and release the SET/COAST button. One
second after release, take your foot off the
accelerator pedal.

You can increase speed at any time with the
accelerator pedal. When you release the pedal, you
will return to the set speed.

Acceleration • Hold the slide button in the
RESUME/ACCEL position and your vehicle will
accelerate until you release it, then your vehicle
will slow to your set speed and again control there.

If you want to make the higher speed your new set
speed, release the slide button when you reach the
speed you want, and as you do, quickly press and
release the SET/COASTbutton. Remember, you set
speed as you release the button - Not when you
press it.

COAST· When you press and hold the SET/COAST
button, you erase the set speed from the
regulator's memory and allow the vehicle to coast.
Just before you reach the lower speed you want,
release the button and it will control there,
providing it is above the low speed setting.

DISENGAGEMENT· Depress the brake pedal about
an inch and you are again in control of the vehicle
speed. You can also disengage the Speed Control
by pushing the slide button to OFF, but this erases
the set speed from the regulator's memory.

RESUME· When you disengage the system with
the brake, you do not erase the set speed from the
regulator's memory, even if you come to a
complete stop. To return to your chosen speed,
drive to a speed above 32 mph, then move the slide
button to the RESUME/ACCELposition and release
it. The Speed Control will take you back to your set
speed and control there.

If the rate of acceleration is faster or slower than
you like, drive with the accelerator to a speed close
to the set speed, then slide the button to the
RESUME/ACCELposition and release it.

UNUSUAL CONDITIONS • When the regulator is
adjusted right, your selected speed should be held
within plus or minus 4 mph, as long as grades do
not exceed 7% (most interstate highways). Since
the Speed Control is vacuum operated, this speed
range will widen as you drive at higher altitudes.

When you are pulling an extra heavy load,
climbing a very steep hill, or bucking a severe head
wind, a much wider than normal throttle opening
is needed.

The way to handle these occasional problems is to
bring the vehicle up to speed with the accelerator
pedal - and then let the Speed Control take over
again.

There is no drain on the battery when the ignition
switch is off - even if the control switch is left on.

WARNING
Do not use your Speed Control on slippery roads,
nor in heavy traffic.
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COMPONENTS

The major componentns of the system are:

)

)

Split Plastic
Retainer Snaps

Into Groove
Not Included in Kit

~
"'0" Ring-t :"

'Transmission Seal ~ ~~----

Cable \ /")1Y' TRANS.

'Signal 'Seal , -')Vl
Generator \ ~).

Speedometer \ ,>::;;t/y"speedometer

Cable-Lower ~ Cable-Upper

\ A!~\\
~~~0~~",~7 '>-"

// ',',
,I

~ ..•../)
~---".....-/ 'These Parts Furnished Assembled

'""Wire Tie

AUXILIARY TRANSMISSION KICK-DOWN SWITCH

CAUTION

SIGNAL GENERATOR

All other parts in the kit are for connecti ng these
components to the vehicle, and to each other.

• Signal Generator • attached to the speedometer
cable drive adaptor at the transmission.

• Regulator. a computer board mounted behind the
instrument panel.

• Servo· mounted in the engine compartment and
linked to the throttle.

• Control Switch· on the steering column near the
turn signal lever.

• Disengagement Switch/Dump Valve Assembly •
operated by the brake pedal.

Be SURE all square driving members and
speedometer cable are properly engaged with their
mating counterparts and all cable nuts are tight.
"Snap-in" type ends must be completely engaged.

Explanation of Auxiliary Switch: When the Cruise
Control is pulling on the throttle, the vehicle's
existing trans. kick-down switch cannot be activated
because the vehicle's throttle cable is at rest. The
switch is activated when cruise cable moves to nearly
full end of its travel. The throttle linkage strikes
switch lever and closes the contacts of switch to
activate kick-down.

A. Bracket and Micro-Switch Assembly. To install
unscrew metric hex head. screw, slip notch of
bracket under lock-washer and retighten screw
to hold switch bracket. (See Figure 7).

NOTE: Switch is factory adjusted, but if kick-down
need be adjusted, the lever of the switch can
be bent to get adjustment. After adjusting,
move throttle by hand to full open to see
that switch IS NOT acti ng as a stop.

Vehicle Firewall ~ -~' _
Kick-Down ~ ,// , ~- --0.- ,~SWItch /'.

\ (,', ).~/ , , ,E, x,stingj~'!\''1' / \ Harness

~~flJ/ /~-,\-,.,<..,;/"~y.~ ------ "

, \ ~ ~:~:,--- /
r,\ &," 598-02494Existing , J' Harness

Throttle ,- Assembly
Cable ~, ,

Assembly Auxiliary ,~~I, ~~,)<>Kick-Down -r, -' ..•.~,SWItch l.t:;1Ov ~

/-y'
.::f'"

Figure 7
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COMPONENTS

Vacuum Reservoir
1

Servo

\

r@
. 1

/~ " @ 5/32"x26"

9/32" 1.0. . ~~ - '''Hose " //

Formed Hose ~ ~ /

@3 ~,

~~. 5/32"x60" I'
/ ~, Hose /. \

Dump Valve \. To
Intake

/ MM~d

VACUUM RESERVOIR MOUNTING

The vacuum reservoir is mounted beneath battery
bracket. May require removing battery and bracket
to locate reservoir. Screwsto hold reservoir are not
provided. NOTE: Re-install battery bracket and
battery after servo wiring extension and vacuum
hoses are hooked up.

VACUUM HOSE INSTALLATION

5/32" I.D. x 60" long attaches to intake manifold.
Locate nipple on top of intake manifold (left hand
side of engine).
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COMPONENTS

SHOULD IT BECOMENECESSARYTO REPLACESPEEDCONTROLCABLE,USETHIS PROCEDURE

1/4-20 Nut & Lock
Washer Assembly

A.

B.

c.

Green Grounding Wire
in Servo Harness

PIN 53A-00172
Small Plastic Cover

PIN 55A-00804
Cable Coupling

Cable Core

Rubber Sleeve

I I

To remove old cable, slide rubber sleeve off D.
cable end fitting so slots are exposed.
Slide small plastic cover off coupling and onto
servo coupling cable. Use side cutter pliers or E.
small screwdriver to spread coupling. Remove
core end of old cable from coupling.
Remove and retain two NO.6 screw and washer F.
assemblies-attaching cable end fitting to servo.

02-4

Existing No.6 Screws

Thread servo coupling cable into end fitting of
new Speed Control cable and out through slot.
Attach cable to servo with two screws retained.
Put core end of cable in coupling and squeeze it
closed with pliers. Slide small plastic sleeve back
onto coupling.
From other end of cable, pull all slack from
cable core and slide rubber sleeve back into
place over end fitting slots.

1

I

1

I
j



DISENGAGEMENT SWITCH ASSEMBLY

A. Loosen No. 10 screw in slot and slide switch
forward against brake arm until plunger extends
3/8" to 1/4" from switch body. Hold switch there
and tighten screw. Switch must be closed.
Vacuum nipple not used.

B. Adjust clutch switch until plunger extends 1/8"

to 1/4" from switch body. Tighten 5/8-18

stamped nuts.
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Lt. Green Wire Violet Wire

~,' , " ".-/ SlOP L'mp Switoh

~~L~"U"BII ./,,\ \~ ~'--'~':'" 0,

\, ~?,\/,.,,~ //
~~~~ /'.

No, 265 Bracket \ 0~~./', No, 245,

~' " 0:,~~,/._: Jumper Wire
\ 'I ~~~::7/~' ~/,' r, -0" ","-'/-,:;." ,~ ./'~ -oJ' 'Jz " ,/

','"77~,"'/"··::::.J /.

-:::::::::::=:.\ \'. c / ~ /

I',!" \\ ~

I /~' . Steering Column

./i j! ,

/' i i~"j \ \ Switch & Valve Assembly
/ ....-1" Ii \ ~

Clutch Clutch Switch Brake



ELECTRICAL CHECK

ELECTRICAL CHECK PROCEDURE"\
Use a 12-yolt Test Light To Perform These Checks CONDITION

POSSIBLE CAUSEREMEDY

Ignition Switch OFF. Control Switch ON

Light OFF, all terminalsNone,system O.K.
Ground one lead of test light, touch other lead to each terminal of connector in-

Test light ON at terminals 5,7, and' 4Red fused wire connected to wrong power
dividually.

source, Use a "switched" power source at
fuse block. Test light should be "ON" when ig·nitlon switch is "ON" and "OFF" when ignitionswitch is "OFF"

Ignition Switch ON, Control Switch ON,

Test light ON at terminals 5, 7, and 14None system OK
Ground one test light lead. Touch other

only
lead to each terminal of connector in- dividually,

No light on any terminalReplace fuse, it blown Connect red wire to Ig·
nition switched power source

Ignition switch ON. Control Switch ON.

Test light OFF at terminal 14.None, system OK
Ground one test light lead, Press and See Trouble Shooting GUide - Control
hold SET SPEED bullon and touch other Test light ON at terminal 14.

test lead to terminal 14.
Switch.

Ignition Switch ON, Control Switch ON

Test light ON at terminal 10 and 14.None, system OK
Ground one test light lead. Press and hold. Slide switch to RESUME while

No light at terminal 10 and/or 14See Trouble Shooting GUIde - Control
touching other lead to terminal 10 and

Switch.
14 individually

Ignition Switch ON Control Switch ON.

Test light ON; push brake and test lightNone, system OK
Touch one test light lead to terminal NO.5

goes OFF.
and other lead to terminal No. 13. Test light OFF

Adjustdisengagement switch(s) plunger

travel to get test light ON: OFF when brake or Iclutch pedal is pushed.

A. A test Iight or volt-ohmeter is needed to
perform these checks. If you have neither, a test
light can be made as shown.

Solder Two Places

12 Volt Bulb
G.E.53

or Equlv.

HOMEMADE TEST LIGHT

Leads Approx,
12" Long

;:;: ~f =::;;;;:;;;:_~__;:;JS

I
i

'., -.J

1

I

B. A Speed Control System Tester is available which
will quickly indicate any problem area. The
Dana part number is 250·3122. More
information is given on pages 01-11 and 01-12.
If attaching the connector to the tester, the dark
green wire and Light NO.1 are at the same end.

02-6

Dark Green to
Tenminal 14

Smaller Terminal Numbers
Are Mounted on This Surface



ELECTRICAL CHECK

C. To make this check, the 13-pin connector
must be disconnected from the electronic
regulator. The terminal numbers are very
small and are molded on the wire side of the
connector. Wire colors for the system are
shown on page 02-11.

NOTE: To release wiring harness, pry up and out
to release clip-regulator from regulator,
pull wiring harness from regulator.

D. When electrical check is done, turn ignition
off. Plug wiring harness onto regulator. Use
Black Plastic Clip-Regulator to hold regulator
and wiring harness together. Just push it into
place to install.

PRELIMINARY OPERATION CHECK

Electronic Regulator Check

A. Set parking brake hard, put shift lever in
"neutral" and start engine.

B. Keep one hand on ignition key and with
other hand push sl ide button on control
switch to ON position.

C. Pressand hold SET/COASTbutton for two or
three seconds, then release it. The system
should NOT engage. If it does (indicated by
engine racing faster than cold idle), turn off
ignition switch immediately. If system passed
electrical check above, and in this check,
engine did not race until SET/COASTbutton
was pressed, electronic regulator must be
replaced.

Vacuum Check

D. Run engine at idle, unplug hose from small
servo fitting, and put your finger over end.

02-7

You should feel a strong suction. If you do,
put hose back on servo fitting. If not, check
hose to intake manifold or hose attachment
to VAC Reservoir.

ROAD TEST

For Electrical Regulator Adjustments

NOTE: The adjustments on the Electronic
Regulator (Low Speed Switch, Centering,
and Sensitivity) are set nearly correct at
the factory. However, the electronic
regulator can be adjusted if necessary.Full
adjustment range is 3/4 of a turn. DO NOT
force beyond stops. A small screwdriver
may be inserted through the appropriate
hole to engage the adjusting slot.

WARNING
To insure driving safety, a passenger should
accompany the driver to make adjustments.

A. Low Speed Switch Adjustment

1. Start vehicle and make ready for the
road.

2. Move slide button to ON position. Drive
at about 45 mph. Press and release
SET/COASTbutton to activate the system.
Apply brake and reduce speed to about
18 mph.

3. Move slide button to RESUME/ACCEL
position and hold it. Accelerate slowly,
noting speed at which accelerator pulls
away from your foot. This is the LOW
SPEEDswitch setting. It should be within
the range of 27-33 mph. If it is not,
adjust the "LOW SPEEDSW ADJ." on the
electronic regulator.

4. Turn clockwise to increase the setting, or
counterclockwise to decrease setting.

B. Centering Adjustment

1. Move slide button to ON position.
2. On a level road drive at about 45 mph.

Then push and release the SET/COAST
button. The system should engage, and
the speed should be within 2 mph of
your selected speed. If it is not, adjust
the "CENTERINGADJ." on the electronic



regulator.
3. Turn clockwise if the speed decreased, or

counterclockwise if the speed increased.
Make these adjustments in small steps.

C. Sensitivity Adjustment

The "SENSITIVITY ADJ." is set at the factory.
No further adjustment is required. It should
be set to full clockwise position.

D. Final Test

After adjustments have been made, use all
the features of the system - Set Speed, Coast,
Resume, Accelerate - and move slide button
to "OFF". If everything checks satisfactorily,
you are done with the road test. If it does
not, see the Trouble Shooting Guide.

02-8
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TROUBLE
SHOOTINGGUIDE

CONDITION

POSSIBLE CAUSEREMEDY

Does nol operate. "ON-OFF" switch "ON"

No voltage at either bro ••n wire of 14 pinCheck for correct power source, blown fuse,
connector. main wiring harness.

brokenred wire.broken brown wire(s) or
loose connections. Replace, repair, or tightenNOTE,

System will not engage if vehicle isPoor electrical ground connection atCheck light green wire & its eyelet terminal
not moving faster than the low .peed .elllng.

servo and/or servo bracketTighten"servo-to- bra cke!"nut.Tighten
"bracket-to-body"

screws(thisispartof

Ol•• ngagement
Switch orSwitch ••im-electrical ground return circuit).

properly adjusted; switch "CLOSEO" when
Adjust switch. Must be "cloaed" when brake

brake pedal or clutch is depressed.
or clutch pedal is released.

Restricted vacuum or no vacuum.
Check for pinched or disconnected vacuum

hoses.
Electrical

See "Electrical Check", and Schematic.

In-line fuse blown, red wire.

Check for short(s). Replace fuse (5 amp max.)

Control Switch faulty.

Replace Control Switch. For Control Switch
check. see end of "Trouble Shooting", "Con-trol Switch".

Signal Generator faulty. No continuity

Replace Signal Generator.
between blue wire & grey wire.

At regulator, electrical terminals in 14-pin

Bend contacts up slightly with small
connector of main wiring harness not making

sharp probe. Must be above smalt plastic
good contact with printed circuit board

separators of main wiring harness
in regulator.

14-pin connector body.

Low speed switch set too high.

Turn "low speed .wltch adj" counterclock-
wise "Road Test".

Servo cable not connected.

Check cable connections atservo and at
throttle

Electronic regulator faulty.

Replace electronic regulator.

Light green wire of dump valve

Ground light green wires to vehicle's
and servo wiring harness not grounded.

chassis.

Dump valve inoperative (coil open or

Electrical Check - Unplug connector from
valve leaking).

regulator and check continuity between term
#8 (pink) and # 1 (It. green). If circuit is open,check ground of light green wire at dumpvalve and connection of pink wire. If connec-tions ok and circuit open, replace dump valve.
Leak Check - Disconnect pink wire from main
wiring harness and apply 12 V. to dump valvewire. Unplug large hose from aervo, suck onhose and seal end with tongue. If vacuum can-not be held, replace dump valve.

Engine accelerates when started.

No Clearance at carburetor end ofAdjust slack at throttle lever.
servo cable.

Servo faulty.

Replace servo.

Vehicle continues to accelerate after deprea-

Servo faulty.Replace Servo.
sing and releasing "SET/COAST" button. Electronic regulator faulty.

Replace electronic regulator.

"RESUME/ACCEL" inoperative

Poor electrical ground connection atCheck light green wire & ita eyelet terminal.
servo and/or servo bracket.

Tighten "servo-to-bracket~ nut. Tighten
"bracket-to-body" screws. (This is part ofelectrical ground return circuit.)

Control SWitch faulty.

Replace Control Switch. For Control Switch
Check, see end of "Trouble Shooting", "Con-trol Switch".

Does NOT disengage when brake pedal or

Disengagement Switches improperly ad-Adjust swltch(S). Must be"OPEN" when
clutch pedal is depressed.

justed. Switches closed when brake and/or
brake pedal or clutch pedal is depressed.clutch pedal is depressed.

Servo cable kinked or binding.

Replace servo cable.

Servo faulty.

Replace servo.

System in use, brake and/or clutch pedal

Disengagement Swltch(s) faulty (electrlca'Replace switch(s) assembly.
depressed,

systemdisengageS.Thenportion only on brake)
release

brakeandor clutch pedaland
Electronic regulator faulty.

Replace electronic regulator..J~stem re-engages.
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r TROUBLESHOOTINGGUIDE(Cont.) ""

CONDITION

POSSIBLE CAUSEREMEDY

"Resume" does not cencel when ignition

Wrong power source.Power supply isSelect 12 volt power source for fused red
switch is turned off.

always on.wire which is "hot" when ignition switch is
"ON" and "COLD" (no voltage) when igni-tion switch ia "OFF".

Throllie does not return to normal idle.

No clearance atthrollie end of servo cable.Adjust alack at throttle lever

Improper vehicle accelerator linkage

Adjuat vehicle accelerator linkage.
adjustment.

Weak or disconnected vehicle throllie

Replace or con nect vehicle throllie
return spring(s).

return apring(s).

Vehicle speed increues or decreases

"Centering Adj." improperly set.Adjust "Centering Adj." at electronic
more than 2 miles

regulator.
per hour when selling speed with "SET/COAST" bullon.

Erratic operation or surging of Speed Control.

Loose speedometer cable nut andlor looseTighten cable nut andlor adaptor.
double hexagon adaptor at Signal Generator.

Bent drive tip(s), kinked or worn (relaxed)

Replace Speedometer cable.
speedometer cable core.

Servo faulty.

Replace Servo.

Electronic regulator faulty.

Replace Electronic Regulator.

System disengages on level road without

Loose wiring connections.Tighten connections.
depressing brake pedal or clutch pedal. Loose or leaky vacuum connections.

Tighten connections.

DI•• ngagement

Swltch(.)A••• mblynotAdjust switch(s). Must be "Cloeed" when
adjusted correctly.

brake pedal or clutch pedal is released.

System engages but loses speed; then Slowly

Poor electrical gro.und connection at servoCheck light green wire &. its eyelet terminal.
returns to "SET SPEED" selected.

andlor servo bracket.Tighten "servo-to-bracket" nut. Tighten
"bracket-to-bOdy" screws. (This is part ofeleClllcal ground return circuit).

Dump Valve leaks.

Replace dump valve.

Hose from Servo to Dump Valve leaks.

Replace hose.

After system has been used and working for

SquaredriveofSignalgeneratororRepiace signal generatoror speedometer
aome lime, Speed Control operation ceases.

speedometer cable(s) broken.
cable(s).

~eedom.ter may be inoperative.
./

For additional assistance call Winnebago Technical Service or 1-800-438-3262

r "
CONTROL SWITCH

Use 12 volt test tight and jumper wire. ~,.,,~
Disconnect Control Switch at flat, 4-wire

~ '(;,-;.

harness connector. Connect jumper wire from 12 volt power source to red wire
. ~80

terminal of Control Switch. LIGHT
WIRE

SWITCHREPLACE
TEST CONDITION

COLORO.K.SWITCH

Slide switch OFF, ground one test light

BrownOFFON
lead. touch other test lead in turn, to

GreenOFFON
terminal of:

YellowOFFON

Slide switch ON, ground one test light

BrownONOFF
lead, touch other test lead in turn, to

YellowONOFF
terminal of:

YellowOFFON

Slide switch ON, hold "SET/COAST" button

BrownONOFF
in. Ground one test light lead. touch

GreenOFFON
other test lead in turn, to terminal of:

YellowONOFF

Press and hold "RESUME/ACCEL" slide

BrownONOFF
Ground one test light lead, touch other

GreenONOFF

~st lead in turn, to terminal of:
YellowONOFF

02-10
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THIS PROCEDURE FOR TESTING SYSTEM WITH GRA Y BOX REGULA TOR
SPEED CONTROL SYSTEM TESTER

EACH LIGHT CHECKS THE FOLLOWING

7·R

*NOTE: There will be a 250-3122
number on back to identify revision
made to Test 7-R System as well as
previous systems.

LIGHT 1 J
Power Source, Fuse and
Ground, "On-Off" and
"Set/Coast" Position of Control
Switch, and Associated Wiring
Terminals and Connectors.

t LIGHT 6
Servo Charge Valve
"Resume/Accel" Contact of the
Control Switch and Associated
Wiring Harness Terminals and
Connectors.

LIGHT 2 --------'
Signal Generator and Associ-
ated Wiring Harness Terminals
and Connectors.

LIGHT 5
Servo Vent Valve, "Resume"
Contacts in the Control Switch
and Associated Wiring Harness
Terminals and Connectors.

LIGHT 3

Disengagement Switch Adjust
ment and Associated Wiring
Harness Terminals and Con
nectors.

LIGHT 4
Throttle Position Feedback and
Associated Wiring Harness Ter·
minals and Connectors.

CONTROL SWITCH

WIRING SCHEMATIC

PositiOn F.dbac:k

R•• um.~Accel

Not UMd

Dumg Vllve

Ignition Power

Venl Vllve

IClnihon Flow',

Cha,o' Valv.
Sj)Hd Signa'

Ground

GrOUnd

REGULATOR
(Gray Boxl

" Speed SOl

13 OJ.engagement SwilCh

, 2 Valve·Common

Yellow

ViOf.1

O,an;.
Tan , 1

10
9

Pink 8
Brown 7

Whit. 6

Brown 5

Maroon .•

Blue 3
Black 2

It GtMn

Ok. Gr •• n

12 Vol! D.C

Lt, GrMn

While

O,an;.
Maroon

~9:~i~_

JRed
•• •••MP

IN·LINE
fUSE

~Rod

eto*"
2 Srown
3 Ok, GtMn
•• VenoVl'

TangBlack

1I Gr"n~

WhIt.

Orange
-"'.'00"

l'lodl

I Brown 2

Gr•• n 3
Yellow 04

G.aY8C Blua

R:.: :~~aannCCkk -=~ II~~D-Blu. ------~

~ 'El SIGNAL----------~~ GENERATOR

OFF

o

SET
CO"'ST

THE TESTER IS AVAILABLE FROM WINNEBAGO
SERVICE PARTS.

DANA PART NUMBER 250-3122
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To Test, Disconnect Harness From Regulator and Connect To Tester

Test No. and Condition Correct Response Trouble Shooting For Incorrect Respon••

,. Correct Power Source:
Ignition SWitch "Off"
Control Switch "On"

ALL LIGHTS OFF ANY LIGHT ON DURING TEST NO.1
Red Wife Connected Directly To Conatant Power Source.

ON OFF
1,2,&4 3.5,&6
Release Brake or Clutch Pedal and
Light 3 Will Go "On".

1

1

-

LIGHT 2 OFF~heck, Continuity between Blue and Grey
Wires of Signal Generator Harness. Check Light Green Wire
Connections between 14-Pin Connector and Servo, and Con
nections of Black, Blue, Brown (No.5) and Grey Wires in Main
Wiring Harness.

LIGHT 3 OFF~heck Disengagement Switch(s) Adjustment.
Check No.7 Brown Wire at 14-Pin connector. Check both
Violet Wire Connections and all Light Green Wire Connections
between Disengagement Switch and Servo.

LIGHT 4 OFF~heck Continuity between Black and Tan
Wires of Servo Harness. Check Light Green Wire Connec
tions between 14·Pin Connector and Servo. Check Connec
tions of Black and Tan Wires in Main Wiring Harness.

LIGHT 5 OFF~heck Continuity between Orange and White
Wires in Servo Harness. Check All Connections of Whit.,
Yellow and Orange Wires in Main Wiring Harness.

LIGHT 6 OFF-Gheck Continuity between Orange and Maroon
Wires in Servo Harness. Check All Connections of Maroon,
Yellow and Orange Wires in Main Wiring Harness.

ALL LIGHTS OFF·After Pushing "SET/COAST" or
"RESUME/ACCEL" in Tests 4, 5, or 6; Blown Fuse. Maroon or
White wires Shorted; Bad Servo.

OFF
1

These Are Checlu To Make For Incorrect Lights in Tests 2
OFF Thru 5. Replace Components if Neces •• ry.

5&6 ALL LIGHTS OFF· Check Red Wire Fuse. Check Light Green
Wire Ground.

LIGHT 1 OFF~heck Red, Brown and Green Wires and Ter·
minal at Control Switch Connectors. Check Dark Green Wire
(No. 14) at 14-Pin Connector. Check all Light Green Connec
tions between 14-Pin Connector and Servo.

LIGHTS

LIGHTS

LIGHTS

ALL LIGHTS· ON

ON
2.3.4,5&6

ON
1.2,3,&4

3. Disengagement Switch
Continuity:
Ignition Switch "On"
Control Switch "On"

Push and Hold Brake pedal or
clutch pedal.

2. System's Electrical
Continuity:
Ignition Switch "On"
Control Switch "On"

5. Control Switch Contact
Check:
Ignition Switch "On"
Control Switch "On"
Slide and Hold ON-OFF Switch
10 "Resume/Accel"

4. Servo Continuity:
Ignition Switch "On"
Control Switch "On"
Push and Hold Set/Coast Button

6. Start Engine Engine Should Run in a Normal Manner

Momentarily Hold SET/COAST
Button In and Release it
When Engine Starta to Race

Throttle Will Open Quickly and Light IF THROTTLE DOES NOT OPEN, Check Connection of Ser·
4 Will Dim vo Cable to Servo and Servo Cable to Throttle Lever, Check

Adjustment of Disengagement Switch(s). Check Attachment at
Both Ends of Vacuum Hoses. Check Dump Valve and Servo for
Leaks or Disconnection.

j

I
J

TESTER CANNOT BE USED TO ROAD TEST
SPEED CONTROL
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FRONT END

HOOD ASSEMBLY

Bolt........... , ,/ Hood Catch
" r~4&

Cable Grommet

\
Hood Latch Cable

Cable Clip

( Hood Stop, Rubber

! "/ Hinge AssemblyI '\.. LH/RH

~,... ~-=~ Washer

~~." •.... ~ ~Vinge Mounting Bolt \ Nut

Striker Shim I ':::---.. ~~::::::::======--==::1\ \"'-... . '" Prop Rod
Cable Spring ~ _ Latch Prop Rod Mounting Hood

'" ~ Striker Spring Bracket Bumper1 I,~: "

.~v Stri ker Bolt

Hood Latch
Assembly

Hood Latch
Mounting Bolt/Nut

--------------;;P-;-'-:;-1 ------------



PARTS DESCRIPTION - FRONT END ASSEMBLY

ITEM
DESCRIPTIONQTY

1

Panel Asm. -Facia 1

2

Screw 13

3

Screw 16

4

Screen - Facia 1

5

Screw 16

6 7

Stiffener 2

8

Stiffener 2

9

Nut 2

10

Nut 14

11

Grille (Winn) 1

12

Grille (Itasca) 1

13

Screen (Itasca) 1

14

Nut-Speed AR

15

Screw AR

16

Lamp - Side,RH 1

17

Lamp - Side,LH 1

18

Bulb 2

19

Nut-Speed 2

20

Headlamp Asm -RH1

21

Headlamp Asm. -LH1

22

Rivet 6

23

Bumper Asm. 1

24

Bolt 22

25

Nut 22

26
ITEM

DESCRIPTIONQTY

27

Bolt 6

28

Washer -Flat 4

29

Bracket Plate 1

30

Lamp Asm. - Park 2

31

Bulb 2

32

Nut - Speed 4

33

Bolt - Hex 2

34

Running Board, RH 1

35

Running Board, LH 1

36

Screw Asm. 12

37

Screw 16

38

Screw 2

39

Extension Asm. - RH 1

40

Extension Asm. - LH 1

41

Crossmember Asm. 1

42

Shield -Engine 1

43

Bolt 4

44

Bolt 3

45

Shield·Engine 1

46

Crossmember Asm. 1

47

Nut - Hex 6

I

48

49

Washer -Flat 2

50

Screw 4

51

Screw AR

52

Washer -Flat 4

:~I
I

\

-

I
,I

(I
, J

.. \
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FRONT END
GRILLE/BUMPER ASSEMBLY



PAINT CODES
Listed below are paint colors and part numbers (DuPont and Winnebago) for all units manufactured by
Winnebago Industries, Inc. All colors are available in 16 ounce aerosol can. Main body colors are also
available in one (1) gallon containers.

COLOR
UNIT OF MEASUREDUPONT NUMBERWINNEBAGO PIN

leSharo and

Utility Van

Off White

16 oz. spray canl8723A041561-03-000

PhasarLight Gray

16 oz. spray canl8730A058637-05-000

Interior (Dash) ColorsLt. Saddle Tan

16 oz. sprayC8352l900379-01-700
Dark Grey

16 oz. sprayC8550l900379-02-700
Black

N/AB8479V*N/A

f!. I

*This color is a vinyl coating available from your Dupont paint dealer. Specify low or medium gloss when '~\ordering.

II
i Ii

)

I
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SEALANT PART NUMBERS

Ref.
Winnebago PartUnit of DescriptionPackaging

Code

NumberMeasure (Vendor, PIN, Size)Qty.

(WPN)

(UlM)

none

002328-02-000EAWIS spacer blocks, rubber, .98 x .062 x .50 EA

FT1

076322-02-000FT3M Y-4950 Double-coat Foam Tape, .045 x1.0108 ft.roll

F13

063642-01-000FT3M Y-9473 Adhesive Tape, .10 milx 1.5180 ft.roll

BT1

038886-01-000FTPTI Butyl Tape, Black 148 in. roll

SC1

053752-04-000EASchnee 5504 Roof Sealer, Alum. Tube

SC2

053766-06-000EASchnee 5522 Bedding Compound, Clear Tube

SC2

053766-02-000EASchnee 5522 Bedding Compound, White Tube

SC2

053766-07-000EASchnee 5522 Bedding Compound, Beige Tube

SC2

053766-08-000EASchnee 5522 Bedding Compound, Gray Tube

SC4

077967-01-000EASchnee 8200 Acrylic Sealant, White Tube

SC6

069637 -01-000EA3M 404 Weatherban Sealer, White Tube

sn
069640-06-000FTSchnee 5603 Isocryl Tape, 5/16" Bead, Black 25 ft.roll

ST2

069640-02-000FTSchnee 5603 Isocryl Tape, 1/2"x 1/8", Gray30 ft.roll

S13

069640-03-000FTSchnee 5603 Isocryl Tape, 3/4"x 1/8", Gray60 ft.roll

ST4

069640-05-000FTSchnee 5603 Isoeryl Tape, 2 1/2" x 3/32", Gray30 ft.roll

ST5

069640-07-000FTSchnee 5603 Isocryl Tape, 2" x 3/32", Gray 30 ft.roll

ST6

069640-01-000FTSchnee 5603 Isocryl Tape, 1/4" Bead, Gray 20 ft.roll

NOTE: Throughout this section, sealants are designated by Reference Codes listed above in Column

1.

Winnebago part numbers are prefixed by the letters WPN.
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SEALANT SPECIFICATIONS

Product

Workable Temp.Cure TimeShelf LifeStorage Precautions

Range

Workable (Max.)

(SC1)

40°F - 100°F +hr. (90%/24 hr.)yr. (min) at 80°F max.Avoid extreme heat.
Schnee 5504

(SC2)

40°F - 100°F +hr. (90%/24 hr)yr. (min) at 80°F max.Avoid extremeheat
Schnee 5522

(SC3)

40°F - 100°F +hr. (90%/24 hr.)yr. (min) at 80°F max.Avoid extreme heat
Schnee 5525

(SC4)

40°F - 100°F +hr. (90%/24 hr.)yr. (min) at 80°F max.Avoid extreme heat &

Schnee 8200
freezing

(STl thru ST-)

40°F -100°F + non-curing1 yr. (min) at BO°F max.Avoid extremeheat
1Schnee 5603

(FT1)

70°F -100°F + non-curing12 mo. at 70°F/SO%RHAvoid heat and humidity
3M Y-49S0

j
(FT3)

70°F -100°F + non-curing12 mo. at 70°F/SO% RHAvoid heat and humidity
3M Y-9473

(SC6)

50°F -100°F + 1 hr. (24 hr.)10 mo. at BO°F max.Avoid heat
3M 404 weatherban

1
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GENERAL BODY SEALING

Cab Front Section

1 - Pillar lining - inner wing panel
2 - Scuttle side section - inner wing panel
3 - Scuttle - front floor
4 - Headlight panel - inner wing panel
5 - Pillar lining - front pillar
6 - Windshield frame pillar - roof pillar

Seal all seams with SC4.

CLEARANCE LIGHTS

Capseal top and side edges of basewith SC2clear as
shown.

4.

SC2 White,
Clear, Beige, or Gray

lQl9)l
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ROOF MOUNTED GENERAL BODY
Pipes. Etc.) COMPONENTS
"pply 1/2 inch t (AiC. Vents. SOil
flanges before ape, ST2, to bott
sealant. fastening Sc om of all mounti

. rews mu t ngs penetrate

SEALING

~~-:~~"" :,

.' .

BACKWALLISIDE

Apply 2 1/2 . WALL JOINT
A Inch tpply SC2 w' ape along outsi
through. Inst~:t~ over wire hOI:: ;~rner of joint.ontour mold' er wires aIngs, re

P1-8
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GENERAL BODY SEALING

BACKWALUROOF JOINT

Place 2 inch sealant tape along edge of roof joint as
shown and install rear cap.

Roof

\

HOLES IN FLOOR

Seal on top side with SC4 and on bottom side with
SC2 white.

P1-9
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Sealer
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Cap



WINDSHIELD

The windshield glass is retained to the body by
urethane adhesive. Glass rests on a rubber support
molding placed around the perimeter of the
pinchweld. urethane is pumped into the cavity
between the body and glass and capped by reveal
moldings.

Removal Procedure
Reveal and support moldings must be pulled off in
order to remove glass. Pull reveal moldings away
from urethane. Remove support molding from
pinchweld flange from inside vehicle. Use a
urethane cutting knife to cut adhesive completely
around perimeter of glass and carefully remove
glass. (Urethane knife is available at your auto body
supply dealer.) Make sure that an even bead of the
existing urethane remains on the flange to serve as
a base for replacement glass.

IMPORTANT

If body repair or painting requires that existing
urethane be totally removed, pinchweld must be
thoroughly cleaned with alcohol and primed with
PR1 pinchweld primer before proceeding with
installation. (Allow 30 minutes set time). Do not use
a petroleum base solvent (kerosene, gasoline, etc.)
to clean metal or glass as any pressence of oil will
prevent adhesion of urethane. Primers must be
agitated before use and frequently during use to
keep carbon particles in suspension.

Glass Preparation
1. Clean inside edge of glass with alcohol

dampened cloth and allow to air dry.
2. Apply clear glass primer PR2 in a 3/4 inch wide

band on inside of glass and on edge around
entire perimeter. Wipe off excess immediately.
Allow 5 minutes set time before preceeding.

3. Apply black glass primer, PR3 on same area as
Step 3. Let dry to touch (10 minutes approx.)

!

I

\

.. \
(

! 1

\
Reveal Moldings

Pinchweld Flange

1

=--

L
/'

II

,,/

)~ !

J)
i r\~

i
_.

,~~

Support Molding

t
Windshield Glass

'J

Apply 3/4" wide band
PR2 & PR3n
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WINDSHIELD

§
I

Installation Procedure

1. Install support molding onto pinchweld flange
with joint located at bottom center of opening.
Trim to ensure a flush fit at joint. Refer to Fig. A.

2. Place rubber spacers (1/16" x 1/2" x 1") on
windshield glasssupports at bottom of opening.
(Refer to Figure B). Glass should not be allowed
to contact metal at any point to avoid breakage
from road vibration.

3. With aid of an assistant, carry glass with one
hand on outside and other on inside. Do not
touch primed edges. Set glass onto opening in
an upright position. White helper holds glass,
reach one arm around pillar and hold glasswhile
he does likewise. (Fig. C).

4. Lower glass onto support molding, centering it
side to side and reseting on rubber support
spacers.

S.Cut tip of urethane tube, UR1, to an opening of
3/16 inch and fill in completely around glass
spacer supports.

6. Apply a smooth continuous bead of urethane
around perimeter of glass. Direct flow down
into cavity to fill space between glass edge and
original urethane base or primed metal. Fill
approximately to level indicated. This allows for
displacement by reveal molding.
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WINDSHIELD

7. Spray a mist of water onto urethane and dry off
areas where molding will contact body and
glass. Urethane is a moisture curing compound,
so this step will assist the curing process.

IMPORTANT

Reveal moldings must be installed into urethane
adhesive within 10 minutes after application.

8. Slide molding caps onto both ends of one of the
reveal moldings and peel backing from butyl
strips on rear edges of moldings. If original
moldings are reusable, remove any excessive
butyl or urethane from rear edges.

9. Install reveal moldings by pressing retention lip
into urethane using glass edge as a guide. (See
cross section, Fig. F).

IMPORTANT

Make sure molding is seated at corners and that
butyl tape contacts body and glass as shown. (Fig. F).
Use hand roller if necessary to obtain best fit to body
and glass. Use duct tape to hold molding down in
correct position until adhesive cures.

WARNING
Vehicles should be allowed to remain at room
temperature for six hours before being driven to
allow proper curing of adhesive.

CLEAN-UP

A solvent such as naptha is suggested for cleaning
tools and equipment. For hand cleaning, use a
lanolin base, waterless hand cleaner.

P1-12
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CAB DOOR LOCK MECHANISM

REMOVING:

- Raise the window to its full extent.
- Remove the inside trim panel.
- Remove the plastic sheet.

Remove:
- outer handle (1) held by screw (2) and nut (3)

the 3 screws holding plate (4)
unhook remote control rods (5) from the inside
handle (6)
disconnect power lock solenoid linkage (7) from
latch mechanism (8)
remove the lock mechanism by pivoting it around
the window channel

OUTSIDE MIRRORS

REMOVE:

- the 3 plugs on the inside of the door frame
- and 3 bolts (A), the longer bolt is in the center A

The rubber which protects the mirror hinge is locked
in position between the bracket and outer door
panel.
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INNER DOOR PANEL
REMOVAL

Remove:
window crank handle (A)
NOTE: 1987 and 1988 models use the window
crank handle shown. 1989 and newer models use a
snap-on/off version, which does not use the nut
fastener.

- remote control lever (8)
- and the 2 screws holding door pull (C).

The door pull remains attached to the panel by rivet
(0).

Unclip the panel and ease it out of the channels (E).

Remove the plastic sheet.
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CAB WINDOWS AND CRANKS
REMOVE AND REPLACE

Remove lower frame (C) by pivoting it.

With window lowered:

I I

Remove:
fixed window pillar top screw (D), channel (E),

- and tilt the fixed window pillar.

o

~ .;
- . j

~i

P1-16



CAB WINDOWS AND CRANKS
REMOVE AND REPLACE

REMOVINGTHE WINDOW CRANK MECHANISM
- Raisethe mechanism level with door panel stiffener

(F).

Unscrew the 4 mechanism nuts (G),
- Slide the mechanism to the rear to clear the rollers

at the bottom
- Remove the window.
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1. Fixed window
2. Fixed window pillar
3. Fixed window pillar channel
4. Channel
5. Bottom channel
6. Bottom frame
7. Mechanism rollers
8. Window crank mechanism
9. Window pillar adjusting screws
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CAB WINDOWS AND CRANKS
REMOVE AND REPLACE

1

I,
)

3 - Withdraw it through the top cut-out.
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1 - Push the mechanism forward.

TO REMOVE THE MECHANISM

2 - Tilt it downwards.
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CAB WINDOWS AND CRANKS
REMOVE AND REPLACE

REMOVING· REPLACING

The fixed window is held firm by its rubber seal in
frame (A) and between door frame (8) and the outer
panel.

Use soapy water to insert the window to make the
operation easier.

REASSEMBLING THE WINDOW CRANK MECHANISM
1 - Insert lower frame (C);

2 - Position the channel in the window frame, the
front part of the channel 20 mm from the fixed
window pillar fixing hole.
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CAB WINDOWS AND CRANKS
REMOVE AND REPLACE

3 • Insert the window crank mechanism in the door
frame via the cut-out at the top.

4 - Tilt the mechanism down.
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CAB WINDOWS AND CRANKS
REMOVE AND REPLACE

)

II

5 - Pull the mechanism back.

6 - Hold it temporarily with 2 nuts (G).

~

I
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CAB WINDOWS AND CRANKS
REMOVE AND REPLACE

7
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7 - Insert the window into the bottom of the door
frame.

8 - Attach the fixed window pillar to the door
frame. On the way down, insert the pillar angle
adjusting screw.

9 - Position the pillar and fasten it at each end.
1

,.J
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CAB WINDOWS AND CRANKS
REMOVE AND REPLACE

I

10 - Insert the inside and outside wiper strip clips.

11 - Position the window level with the panel
stiffener, remove the 2 screws holding the
mechanism temporarily. Slide the mechanism
rollers into the bottom channel.

12 - Crank the window up to the top and tighten the
4 mechanism nuts (G).
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CAB WINDOWS AND CRANKS
REMOVE AND REPLACE

13 • If necessary, adjust the angle of the pillars using
the adjusting screws. Tighten the lock nuts.

14 - Reposition the inside and outside wiper.

~

,

,.J

The edge of the glassshould be 2 3/4" (70 mm) from
the bottom channel as shown.
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FRAME DIMENSIONS

(METRIC ONLY)

-
E
E

•..•..

1430mm~

45mm

1520 mm

1.884 m m (+1 m m) •.I
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301 mm

FRAME DIMENSIONS

Checking with the trammel gauge (or equivalent)

Checking the mounting points for the front axle crossmember.

Compare lengths:
CE=DF ,

CF

=DE

CE
=1377 mm

DF

=1377 mm

CD =
884 mm

EF

=950 mm

A

8

Checking the end of the front sidemember.

Compare lengths: AE = BF
AF = BE

AE = 1678 mm
AB = 954 mm
BF = 1678 mm
EF = 950 mm
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FRAME DIMENSIONS

Checking with the trammel gauge (or equivalent)

I
I

------ ./,/././

fJ

Checking spring blade mounting gusset.

Compare lengths: EG = FH
EH = FG

,
1·

I

20 mm 0 hole in
rear spring crossmember

G

H

-/j//////

Checking the rear crossmember.
Compare lengths: GI = HJ

HI = GJ
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BODY PANEL REPAIR GUIDE

The procedures in this section describing how to
change welded components are given purely as a
guide. They depend on:

- how the panels are cut,
- the degree of accessibility inside for positioning

the panel to be welded and the tools available for
planishing, etc.

· the zones of lessserious distortion where welding
is concerned.

NOTE: These methods are guidelines only and may
be modified to suit each particular situation
depending upon the degree of damage.

SPECIAL PRECAUTIONS
There are certain sections of these vehicles which
cannot be cut or replaced without sacrificing the
structural integrity and initial safety characteristics.
Details on these sections are listed below.

IMPORTANT
Never:
• partially change a front sidemember
• heat up a frame sidemember for straightening
• change a component or section which supports a

mechanical component without the use of a jig
bench.

• submit a vehicle positioned on a jig bench to
hydraulic force (pull or push) without first
correctly anchoring the vehicle.

• change a front or rear section without using all
the special supports on a jig bench designed for
the vehicle.

P1-28
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CHANGING THE FRONT SECTION

'A\-

i
\

REMOVING:

Chisel cut the inner wing panel at the following
joints:
A: Inner wing panel - sidemember
B: Inner wing panel - pillar lining.
C: Inner wing panel

Then separate the spotwelds at these joints.
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CHANGING TH E FRONT SECTION

PREPARATION

After grinding the joints smooth, apply a coat of
plastic filler or zinc-based paint to the new panel to
prevent rust forming.

REFITTING C
Mount and align the new inner wing panel front -\
section followed by the headlight panel. Hold these \
panels with vice-grips.

Spotweld the following joints:
-A : Sidemember - inner wing panel
-8 : Inner wing panel - pillar lining
-D : Headlight panel - pillar lining
-E : Headlight panel - pillar lining

Seam braze:

-C : Inner wing panel

Apply strips of SC4 sealer to the following joints:

-8 : Pillar lining - inner wing panel
-C : Inner wing panel - side section
-E : Headlight panel - inner wing panel

\
\~

I
I
)

]

Apply undercoating material to the inner wing
panel.
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PART REPLACEMENT

SCUTTLE PANEL

Chisel cut the panels at the following joints:

B
I

I

cA

c
A

£ift.~
;~//:!r;,·~--,~_~ __

.. f"

Cl

~.~/,
~<~

Because of the large number of spotwelds in this
area, the lining will tend to distort.

Snip off the rain channel flange (E) leaving the
welded seam in position.

C: w/s cowl
0: A pillar

REMOVING:

Saw cut the w/s1hood panel (A) and the pillar at (B).

1

I
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PART REPLACEMENT

SCUTTLE PANEL

PREPARATION

Cut a section out of a new panel which is larger than
the section it is to replace.

After grinding the joint smooth, apply a coat of
plastic filler or zinc based paint to the new panel to
prevent rust forming.

REFITTING

Mount and align the new panel so that it overlaps
the section remaining in place.

Sawcut both sections to obtain a but joint.

New section
Old section
Overlapped section

Spotweld the following joints:
-C : w/s cowl
-D : "A" ~ front pi liar

Oxy-acetylene or MIG butt weld:
- both panel sections (A) and pillar (8).
- corner (F) where it joins the pillar.

Apply a coat of body solder to the pillar seam.

B

F\
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PART REPLACEMENT

PILLAR LINING STIFFENER

Stiffener (1) is welded to the pillar lining below the
pillar and along its full length.

This stiffener may be partly replaced if the impact
was at the front.

REMOVING
Saw cut the stiffener at (A).

Chisel cut the stiffener flush with the pillar lining
welded seam at (8).

Then separate the spotwelds on the remaining
section at (C).

~
\

\
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PART REPLACEMENT

PILLAR LINING STIFFENER

PREPARATION
Cut a section out of new stiffener which is about 50
mm (2") longer than the section it is to replace.

Saw cut the new section along corners (D) for 60 mm
(2 1/2") so that it overlaps.

Drill a series of 6 mm dia. holes for plug welding the
overlapping section.

/~ \
\

REFiniNG

Mount and align the new stiffener section so that it
overlaps the section remaining in place.

Spotweld the following joints:

-C : stiffener and pillar lining.

MIG plugweld:
-E : the holes in the new section

MIG seam weld:
-D : the 2 corners (D) and the end of the new section
where it overlaps.
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COMPLETE REPLACEMENT

FRONT PILLAR BOTTOM

REMOVING

Remove the spotwelds using a cutter at the
following joints:

-A : top section
-8 : bottom panel

Chisel cut the front pillar bottom section as dose as
possible to the following joints:

-C : pillar lining
-D : front pillar closure panel A

Grind away the front pillar bottom edge (E).

Separate those spotwelds which remain after chisel
cutting.

PREPARATION

After grinding the joints smooth, apply a coat of
plastic filler or zinc-based paint to the new panel to
prevent rust forming.
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COMPLETE REPLACEMENT

FRONT PILLAR BOTTOM

REFITTING

Mount the new bottom section and insert it below
the pillar top section.

Line it up with the door and wing.

Spotweld the following joints:

-C : pillar lining
-0 : front pillar closure panel

Chainweld the following joints:

-A : top section
-B : body bottom panel
-E : bottom section lining

Apply SC4sealer to the following joints:

-A : pillar top section
-B : body bottom panel

Apply a coat of underbody proteetant to underneath
the front pillar bottom section lining (E).

~~.~'~/

E
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COMPLETE REPLACEMENT
FRONT PILLAR TOP

Becauseof the position of the various stifferners it is
not advisable to change only part of the front pillar
top section.

- top hinge (A),
- bottom hinge (B),
- door pull (e).

REMOVING

Separate the spotwelds at the following joints using
a cutter:

-D : top of body
-E : front pillar bottom section

Chisel cut the front pillar top section as near as
possible to the following joints:

-F and G : pillar lining.
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COMPLETE REPLACEMENT
FRONT PILLAR TOP

-H : scuttle panel,
-I : fender lining stiffener

Cut joint gusset(J) with a pneumatic saw, inserting
the blade between the front pillar and lining.

NOTE: Front pillar lining stiffener (K) is not
spotwelded to the front pillar top section.

Separatethe spotwelds remaining after cutting.
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COMPLETE REPLACEMENT

FRONT PILLAR TOP SECTION

PREPARATION

After grinding the joints smooth, apply a coat of
plastic filler or zinc-basedpaint to the new panel to
prevent rust forming.

REFiniNG
Mount the new section and align it with the door
and wing.

5potweld the following joints:
-H : "A" pillar
-F and G : pillar lining

Chain weld the following:

-E : front pillar bottom section
-I : pillar lining stiffener

Brazeseamweld:
-0 : Body top.

Oxy-acetylenebutt-weld:
-H : w/s to Hood cowl

Apply strips of C54sealer to the following joints:

G: pillar lining.
E: front pillar bottom section
I: fender lining stiffener
0: body top
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