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FOREWORD

This manual contains instructions on the overhaul, mainienance and
operation of the new Fuel Pincher Detroit Diesel Engine.

Full benefit of the long life and dependability built into these
engines can be realized through proper operation and maintenance.
Of equal importance is the use of proper procedures during engine
overhaul.

Personnel responsible for engine operation and maintenance should
study the sections of the manual pertaining to their particular duties.
Similarly, before beginning a repair or overhaul job, the serviceman
should read the manual carefully to familiarize himself with the
parts or sub-assemblies of the engine with which he will be
concerned.

The information, specifications and illustrations in this publication
are based on the information in effect at the time of approval for
printing. This publication is revised and reprinted periodically. 1t is
recommended that users contact an authorized Detroit Diesel Allison
Service Outlet for information on the latest revisions. The right is
reserved to make changes at any time without obligation.

CAUTION

The Fuel Pincher Engines contain many parts dimensioned in the
metric system as well as in the customary system. Many 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
maintenance procedures, replacement fasteners must have the same
measurements and sirength as those removed, whether metric or
customary. (Numbers on the heads of metric bolts and on surfaces of
metric nuts indicate their strength, Customary bolts use radial lines
for this purpose, while most customary nuts do not have strength

"markings). Mismatched or incorrect fasteners can result in engine

damage or malfunction or possibly personal injury, therefore,
fasteners removed from the engine should be saved for re-use in the
same locations whenever possible. Where the fasteners are not
satisfactory for re-use, care should be taken to select a replacement
that matches the original. For information and assistance, see your
Detroit Dieset Allison Service Outlet.




IMPORTANT SAFETY NOTICE

Proper service and repair is important to the safe, reliable operation
of all motor vehicles. The service procedures recommended by Detroit
Diesel Allison and described in this service manual are effective
methods for performing service operations. Some of these service
operations require the use of tools specially designed for the purpose.
The special tools should be used when and as recommended.

It is important to note that some warnings against the use of specific
service methods that can damage the vehicle or render it unsafe are
stated in this service manual. It is also important to understand these
warnings are not exhaustive. Detroit Diesel Allison could not possibly
know, evaluate and advise the service trade of all conceivable ways in
which service might be done or of the possible hazardous consequences
of each way. Consequently, Detroit Diesel Allison has not undertaken
any such broad evaluation. Accordingly, anyone who uses a service
procedure or toel which is not recommended by Detroit Diesel Allison
must first satisfy himself thoroughly that neither his safety nor vehicle
safety will be jeopardized by the service method he selects.




TABLE OF CONTENTS
SUBJECT SECTION

GENERAL INFORMATION

ENGINE (less major assemblies)

FUEL SYSTEM AND GOVERNOR

AIR INTAKE SYSTEM

LUBRICATION SYSTEM

COOLING SYSTEM

EXHAUST SYSTEM

ELECTRICAL EQUIPMENT, INSTRUMENTS AND PROTECTIVE SYSTEMS

SPECIAL EQUIPMENT

OPERATION

TUNE-UP

PREVENTIVE MAINTENANCE, TROUBLE SHOOTING

©1981] General Motors Corp.



General Information ' FUEL PINCHER
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Fig. 1 — Customary Fasteners
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FUEL PINCHER General Information

GENERAL SPECIFICATIONS

N.A. Turbo
1 T 4 cycle 4 ¢ycle
Numberof Cylinders. . .. ... ... oot vivnnnn. . 8 8
Bore(inches). . .......... ... 4.25 4.25
Bore(mm). . ... ... e e 108 108
Stroke (inches). . . . ....... ... .. L. 4.41 4.41
Stroke (MM ). . . . ... e 112 112
Compression Ratio. .. ......... U 18.3:1 17:1
Total Displacement {cubicinches). ... ........... 500 500
Total Displacement (liters). . . . . ... .........,... 8.2 8.2
Number of Main Bearings. . . . ................ 5 5

R.B.

L8.

FRONT

Fig. 2 — Cylinder Designation and Firing Order
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ENGINE MODEL, SERIAL NUMBER AND OPTION LABEL

ENGINE SERIAL AND
MODEL NUMBER
ON BLOCK

Fig. 3 - Location of Engine Serial and Model
Number on Block

The engine serial and model numbers are stamped on
a metal plate which is attached to the horizontal
machined surface on the front upper part of the block
(Fig. 3).

An option label attached to the right valve rocker

PRINCIPLES OF

The diesel engine is an internal combustion power
unit, in which the heat of burning fuel is converted
into work in the cylinder of the engine.

In the diesel engine, air alone is compressed in the
cylinder, then, after the air has been compressed, a
charge of fuel is sprayed into the cylinder and ignition
is accomplished by the heat of compression.

OPTION PLATE

ROCKER COVER

Fig. 4 - Rocker Cover with Option Label

cover lists the engine serial number and lists any
optional equipment used on the engine (Fig. 4).

On-highway vehicle engines also carry an exhaust emission
control information label on the left rockér cover. Due to
Federal regulations, the exhaust emission label should not
be removed from the rocker cover. The left rocker cover
also has a label which lists injector timing heights for
specific cylinder locations.

With any order for parts, the engine model number
and serial number should be given. In addition, if a
type number is shown on the option plate covering the
equipment required, this number should also be
included on the parts order.

All groups or parts used on a unit are standard for the
engine model unless otherwise listed on the option
plate.

Power take-off assemblies, torque converters, marine
gear, etc. may also carry name plates. The information
on these name plaies is also useful when ordering
replacement parts for these assemblies.

OPERATION

The Four Cycle Principle

The four piston strokes of the cycle occur in the
following order: Intake, Compression, Power and
Exhaust (Fig. 5).

INTAKE STROKE:
During the intake stroke, the piston travels downward,
the intake valve is open, and the exhaust valve is

closed.

The downstroke of the piston permits air {from outside

Page 6
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to enter the cylinder through the open intake valve
port. The turbocharger (when fitted) increases air
pressure in the engine intake manifold and forces it
into the cylinder, The intake of air is never restricted
by carburetion or mixing valves such as those used on
spark-ignited, automotive-type gasoline engines.

The intake charge consists of air only with no fuel
mixture.

COMPRESSION STROKE:

At the end of the intake stroke, the intake valve closes
and the piston starts upward on the compression
stroke. The exhaust valve remains closed.

At the end of the compression stroke, the air in the
combustion chamber has been compressed by the
piston to occupy a space about one-seventeenth as
great in volume as it occupied at the beginning of the
stroke. Thus, we say the compression ratio is 17:1.

Compressing the air into a small space causes the
temperature of that air to rise. Near the end of the
compression stroke, the pressure of the air above the
cylinder is approximately 3 445 o 4 134 kPa (500 to

600 psi) and the temperature of that air is
approximately 538°C (1000°F).

During the last part of the compression stroke and the
early part of the power stroke, a smail metered charge
of fuel is injected into the combustion chamber.

Almost immediately after the fuel charge is injected
into the combusiion chamber, the fuel is ignited by the
hot air and starts to burn.

POWER STROKE:

During the power stroke, the piston travels downward
and both intake and exhaust valves are closed.

By the time the piston reaches the end of the
compression stroke, the burning fuel causes a further
increase in the pressure above the piston. As more fuel
is added and burns, the gases get hotter, the pressure
increases, pushing the piston downward and adds
impetus to crankshaft rotation.

EXHAUST STROKE:

Pruring the exhaust stroke, the intake valve is closed,

INTAKE COMPRESSION

4 CYCLE

i 8

&S //7 /

i =
\

POWER EXHAUST

Fig. 5 - The

Four Stroke Cycle
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the exhaust valve is open, and the piston is on its
upstroke.

Burned gases are forced out of the combustion
chamber through the open exhaust valve port by the
upward travel of the piston.

From the preceding description of the Diesel Cycle, it
is apparent that the proper operation of the engine
depends upon the two separate functions-first compres-
sion for ignition, and, second, that fuel be measured
and injected into the compressed air in the cylinder in
the proper quantity and at the proper time.

GENERAL DESCRIPTION

The Fuel Pincher Diesel Engine described in this
manual is a four-stroke cycle, high speed, full diesel
engine.

The 90 °*V*’ cast iron block contains a single camshaft
actuating all valves and injectors. The vertically
aligned gear train, located at the front end of the
engine block contains drive gears for the lubricating
oil pump, crankshaft, and camshaft.

Each engine is equipped with a dual full-flow il filter,
fuel oil strainer and fuel oil filter, an air cleaner,
governor, fan and a starting motor. The engines are
also equipped with an oil cooler.

Full pressure lubrication is supplied to all main,
connecting rod and camshaft bearings and to other
moving parts. A rotor-type pump draws oil from the
oil pan through a screen and delivers it to the oil filter.
From the filter, the oil flows to the oil cooler and then
enters a longitudinal oil gallery in the cylinder block
where the supply divides. Part of the oil goes to the
camshaft bearings and up through the rocker
assemblies; the remainder of the oil goes to the main
bearings and connecting rod bearings via the drilled
oil passages in the crankshaft.

Coolant is circulated through the engine by a
centrifugal-type water pump. Heat is removed from
the coolant, which circulates in a closed system, by the
radiator. Control of the engine temperature is
accomplished by thermostats which regulate the flow
of the coolant within the cooling system.

Fuel is drawn from the supply tank through the fuel
strainer by a gear-type fuel pump. It is then forced
through a filter and into the fuel inlet manifold in the
cylinder head and to the injectors. Excess fuel is
returned to the supply tank through the outlet
connecting line. Since the fuel is constantly circulating
through the injectors, it serves to cool the injectors and
to carry off any air in the fuel system.

Air is supplied to the air intake manifolds and into the
engine cylinders. All air entering first passes through
an air cleaner.

Engine starting is provided by an electric starting
motor energized by a storage battery. A battery-
charging alternator, with a suitable voltage regualtor,
serves to keep the battery charged.

Engine speed is regulated by a mechancial governor.

Page 8
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GENERAL PROCEDURES

In many cases, a serviceman is justified in replacing
parts with new material rather than attempting repair.
However, there are times when a slight amount of
reworking or reconditioning may save a customer con-
siderable added expense. Crankshafts and other parts
are in this category. Exchange assemblies such as
injectors, fuel pumps, water pumps and turbos are also
desirable service items.

Various factors such as the type of operation of the
engine, hours in service and next overhaul period must

be considered when determining whether new parts are
installed-or used parts are reconditioned to provide
irouble-free operation.

For convenience and logical order in disassembly and
assembly, the various sub-assemblies and other related
parts mounted on the cylinder block will be treated as
separate items in the various sections of the manual.

DISASSEMBLY

Before any major disassembly, the engine must be
drained of lubricating oil, coelant and fuel. Lubricat-
ing oil should also be drained from any automatic
transmission attached to the engine.

To perform a major overhaul or other extensive repairs,
the complete engine assembly, after removal from the
engine base and drive mechanism, should be mounted
on an engine overhaul stand; then the various sub-
assemblies should be removed from the engine. When

only a few items need replacement, it is not always
necessary to mount the engine on an overhaul stand.

Parts removed from an individual engine should be
kept together so they will be available for inspection
and assembly. Those items having machined faces,
which might be easily damaged by steel or concrete,
should be stored on suitable wooden racks or blocks, or
a parts dolly.

CLEANING

Before removing any of the sub-assemblies from the
engine (but after removal of the electrical equipment),
the exterior of the engine should be thoroughly cleaned.
Then, after each sub-assembly is removed and dis-
assembled, the individual parts should be cleaned.
Thorough cleaning of each part is absolutely necessary
before it can be satisfactorily inspected. Various items
of equipment needed for general cleaning are listed
below.

The cleaning procedure used for all ordinary cast iron
parts is outlined under Clean Cylinder Block in Section
1.1; any special cleaning procedures will be mentioned
in the text wherever required.

Steam Cleaning

A steam cleaner is a necessary item in a large shop and
is most useful for removing heavy accumulations of
grease and dirt from the exterior of the engine and its
sub-assemblies.

Solvent Tank Cleaning
A tank of sufficient size to accommodate the largest

part that will require cleaning (usually the cylinder
block) should be provided and provisions made for heat-

ing the cleaning solution to 180-200° F (82-90° C),

Fill the tank with a commercial heavy-duty solvent
which is heated to the above temperature. Lower large
parts directly into the tank with a hoist. Place small
parts in a wire mesh basket and lower them into the
tank. Immerse the parts long enough to loosen all of the
grease and dirt.

Rinsing Bath

Provide another tank of similar size containing hot
water for rinsing the parts.

Drying

Parts may be dried with compressed air. The heat from
the hot tanks will quite frequently complete drying of
the parts without the use of compressed air.

Rust Preventive

If parts are not to be used immediately after cleaning,
dip them in a suitable rust preventive compound. The
rust preventive compound should be removed before
installing the parts in an engine.

©1981 General Motors Corp.
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INSPECTION

The purpose of parts inspection is to determine which
parts can be used and which must be replaced. Al-
though the engine overhaul specifications given
throughout the text will aid in determining which parts
should be replaced, considerable judgment must be
exercised by the inspector.

The guiding factors in determining the usability of worn
parts, which are otherwise in good condition, is the
clearance between the mating parts and the rate of wear
on each of the parts. If it is determined that the rate of
wear will maintain the clearances within the specified
maximum allowable until the next overhaul period, the
reinstallation of used parts may be justified. Rate of
wear of a part is determined by dividing the amount the
part has worn by the hours it has operated.

Many service replacement parts are available in various
undersize and/or oversize as well as standard sizes.
Also, service kits for reconditioning certain parts and
service sets which include all of the parts necessary to
complete a particular repair job are available.

A complete discussion of the proper methods of pre-
cision measuring and inspection are outside the scope
of this manual. However, every shop should be equipped
with standard gages, such as dial bore gages, dial indi-
cators, and inside and outside micrometers.

In addition to measuring the used parts after cleaning,
the parts should be carefully inspected for cracks,
scoring, chipping and other defects.

ASSEMBLY

Following cleaning and inspection, the engine should
be assembled using new parts as determined by the
inspection.

Use of the proper equipment and tools make the job
progress faster and produces better results. Likewise, a
suitable working space with proper lighting must be
provided. The time and money invested in providing
the proper tools, equipment and space will be repaid
many times.

Keep the working space, the equipment, tools and
engine assemblies and parts clean at all times. The

area where assembly operations take place should, if
possible, be located away from the disassembly and
cleaning operation. Also, any machining operatfons
should be removed as far as possible from the assembly
area.

Particular attention should be paid to storing of parts
and sub-assemblies, after removal and cleaning and
prior to assembly, in such a place or manner as to keep
them clean. If there is any doubt as to the cleanliness
of such parts, they should be recleaned.

WORK SAFELY

A serviceman can be severely injured if caught in the
puileys, belts or fan of an engine that is accidentally
started. To avoid such a misfortune, take these pre-
cautions before starting to work on an engine:

Disconnect the battery from the starting system by
removing one or both of the battery cables. With
the ¢lectrical circuit disrupted, accidental contact
with the starter button will not produce an engine
start.

Make sure the mechanism provided at the governor
for stopping the engine is in the stop position.
This will mean the governor is in the no-fuel posi-
tion. The possibility of the engine firing by acci-
dentally turning the fan or, in the case of vehicle
application, by being bumped by another vehicle
is minimized.

Some Safety Precautions To Observe When
Working On The Engine

1. Consider the hazards of the job and wear protective
gear such as safety glasses, safety shoes, hard hat, etc.,
to provide adequate protection.

2. When lifting an engine, make sure the lifting device
is fastened securely. Be sure the item to be lifted does
not exceed the capacity of the lifting device.

3. Always use caution when using power tools,

4. When using compressed air to clean a component,
such as flushing a radiator or cleaning an air cleaner
element, use a safe amount of air, Recommendations
regarding the use of air are indicated throughout the
manual. Too much air can rupture or in some other way

Pag'e 10
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damage a component and create a hazardous situation
that can lead to personal injury.

5. Avoid the use of carbon tetrachloride as a cleaning
agent because of the harmful vapors that it releases.
Use perchlorethylene or trichlorethylene. However,
while less toxic than other chlorinated solvents, use
these cleaning agents with caution. Be sure the work
area is adequately ventilated and use protective gloves,
goggles or face shield, and apron.

Exercise caution against burns when using oxalic acid
to clean the cooling passages of the engine.

. 6. Use caution when welding on or near the fuel tank.

Possible explosion could result if heat build-up inside
the tank is sufficient.

7. Avoid excessive injection of ether into the engine
during start attempts. Follow the instructions on the
container or by the manufacturer of the starting aid.

8. When working on an engine that is running, acci-
dental contact with the hot exhaust manifold can cause
severe burns. Remain alert to the location of the rotating
fan, pulleys and belts. Avoid making contact across
the two terminals of a battery which can result in severe
arcing.

) 1982 General Motors Corp.
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.

Views of Engine (Naturally Aspirated)
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Views of Engine (Turbocharged)

© 1985 General Motors Corp.
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Views of Marine Engine
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SECTION 1

ENGINE (less major assemblies)

CONTENTS
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Cylinder Hedd ..ottt rsicss s s s b s s s s s s s s s s e e nr s an 1.2
Valve and Injector Operating Mechanism.......ccccivvviiiiiiininrnnnencnneen. 1.2.1
Intake ond ExhOust Valves..... ..o e mmeeeiiiiiiiae et ccensaesmsbas s s s s s n e 1.2.2
Valve ROCKEr COVEI...ooiciiiiiiieiiitiarerimerresrarsartramserssriarsssasnrssrssrnsesssasssscesnnsees 1.2.4
Crankshaft .. e rrmesariserraveasiasniseerarne 1.3
Crankshaft Oil Seals ..o iiiiiorriirriiiierirerrrsiirsrr e errrrsssseenssiotsssesasinsenss 1.3.2
Crankshaft Main Bearings........coccevviieniieiircsnseniicossersnsess eesrrteremeeaenrensnreasrisans 1.3.4
Engine Front Cover ......icvriiciiiieiisrsaiansrsnsrinsssrsrrsee s esnsaessssssstmannsessssrassans 1.3.5
Crankshaft Pulley.........coveeciiiiiiiiriirerinnivescacccttarsasseesmseeesarscarsossansasamssassmnsanss 1.3.7
Flywheel ... .ot iicce et rrecencnessisnn et toneasrassrssersnsarannas rsssssrassesmasnnssbanes 1.4
Flywheel HOoUSING ......cccoemiiaiiiivnniinimriieereesennsesssensrisstssvarsassnnsanaes ereraeeenvesnrann 1.5
Piston and Piston RiNgs......cciiceiiiciiimiiriiniiiinosiiicesiossesiimsomsicessesssmmassanssnans 1.6
Connecting Rod ... ..o iiriiriicerireraine s s s e s ssaesrcsestisesmsstsrntassssnsassassrresrans 1.6.1
Connecting Rod Bearings........ccovvvermmmiiimiiiiniiniiinmicesisirsnineessninerens veasrmsmrseresras 1.6.2
Gear Train and Engine Timing ....ccouueuceeeuuvncierasosssiessssersnissassseesees eeeeariranesrane 1.7.1
Camshaft and Comshaft Bearings..........ccccennvienrnnivrnnnenns Nereereesstbasstessissarnarnrenes 1.7.2
Crankshaft Timing Gear ......civvriieeriiiiiiree e cst e s st ssas e r e 1.7.5
Shop Notes - Specifications - Service Tools ..., 1.0
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1.1

CYLINDER BLOCK

The cylinder block (Fig. 1) serves as the main
structural part of the engine. Webs provide rigidity and
strength and ensure alignment of the block bores and
bearings under load. A water jacket surrounds all of the
cylinders in the block.

The upper halves of the main bearing supports are cast
integral with the block. The main bearing bores are
line-bored with the bearing caps in place to ensure
longitudinal alignment. Drilled passages in the block
carry the lubricating oil to all moving parts of the
engine, ¢liminating the need for external piping.

Since the cylinder block is the main structural part of
the engine, the various subassemblies must be removed
from the cylinder block when an engine is overhauled.

The overhaul stand J 23935-B and adaptor J 29013-A
(Fig. 2) provides a convenient support when stripping a
cylinder block. The engine is mounted in an upright
position. It may then be tipped on its side, rotated in
either direction 90° or 180° where it is locked in place.

Remove and Disassemble Engine

Before mounting an engine on an overhaul stand, it
must be disconnected from the transmission. Details of
this procedure will vary from one vehicle to another.
However, the foliowing steps will be necessary.

1. Disconnect the battery.

TURBO
MOUNTING
PAD

Y WATER|
INLET
T

% REGULATOR
| VALVE BORE

@y’
‘I/'J

3%
Bar

L

W

RELIEF VALVE
BORE .

GOVERNOR GEAR
BORE

W MAIN OIL|
GALLERY

P

,ﬁ:“’ﬁ

o & _ X 5 -
OIL PUMP CAMSH@&@
RECESS " _BORE . TR

5951

FRONT MAIN
BEARING CAP

Fig. 1 - Cylinder Block-Front View
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2. Remove the starter motor.

3. Drain the cooling system completely by removing the
drain plug in the oil cooler, and remove the drain plugs
on both sides of the block.

4. Drain the lubricating oil.

5. Disconnect the fuel lines.

6. Remove the air cleaner.

7. Disconnect the exhzust piping.
3. Disconnect the throttle controls.

9. Remove the alternator and the air compressor, if
used.

10. Remove the radiator and fan guard and other
related cooling system parts.

11. Disconnect any other lubricating oil lines, fuel lines
or electrical connections.

12. Separate the engine from the transmission.
13, Remove the engine mounting bolts.

CAUTION: Use a suitable lifting device such as
shown in Fig. 3 to lift the engine. A spreader
bar should be used with a sling and adequate
chain hoist when lifting any engine. The lifting
device should be adjusted so the lifting hooks are
vertical to prevent bending of the engine lifter
brackets. To ensure proper weight distribution,
all engine lifter brackets provided should be used
in lifting the engine.

Fig. 2 - Engine QOverhaul Stand

14. Lift the engine from its base.
15. Remove the oil filters and oil cooler.

CAUTION: Be sure the engine is securely
mounted to the overhaul stand before releasing
the lifting sling. Severe injury to personnel and
destruction of engine parts will result if the
engine breaks away from the overhaul stand.

16. With_the engine mounted on the overhaul stand,
disassemble the engine to a bare biock. (Refer to the
end of this Section for the removal of the valley cover).

Clean Cylinder Block

Remove all plugs (except cup plugs) to allow the
cleaning solution to contact the inside of the oil and
water passages. This permits more efficient cleaning.

Clean the cylinder block as follows:

1. Remove the grease by agitating the cylinder block in
a hot bath of commercial heavy-duty alkaline solution.

2. Wash the block in hot water or steam clean it to
remove the alkaline solution.

3. If the water jackets are heavily scaled, proceed as
follows:

a. Agitate the block in a bath of inhibited phosphoric
acid,

b. Allow the block to remain in the acid bath until the
bubbling action stops (approximately 30 minutes).

¢. Lift the block, drain it and reimmerse it in the same
acid solution for 10 minutes.

d. Repeat Step “C” until all scale is removed.

e. Rinse the block in clear hot water to remove the
acid solution.

f. Neutralize the acid that may cling to the casting by
immersing the block in an alkaline bath.

2. Wash the block in clean water or steam clean it.

4. Dry the cylinder block with compressed air. Blow out
all of the bolt holes with an air hose and nozzle.

5. Make certain that all water passages and oil galleries
have been thoroughly cleaned. After the cylinder block
has been thoroughly cleaned and dried, install new

Page 2

© 1984 General Motors Corp.




FUEL PINCHER
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Fig. 3 - Lifting Engine

precoated pipe plugs. See Block Plugging Charts in
Section 1.0.

Pressure Test Cylinder Block

After the cylinder block has been cleaned, it must be
pressure tested for cracks or leaks by either one of two
methods.

METHOD “A”

This method may be used when a large enough water
tank is available and the cylinder block is completely
stripped of all patts.

l. Install pressure test tool J 29671 on the cylinder
block.

2. Attach an air line to the water hele cover plate and
apply 276 kPa (40 psi) air pressure to the water jackets.

3. Observe the water in the tank for bubbles which will
indicate cracks or leaks. A cracked block must be
replaced.

4. Remove the block from the water tank. Then, remove
tool J 29671 and blow out all of the passages in the
block with compressed air.

METHOD “B”

This method may be used when a large water tank is
not available, or when it is desired to check the block
for cracks without removing the engine from the
vehicle. However, it is necessary to remove the cylinder
heads, oil cooler and oil pan.

I. Prepare the block as outlined in Method “A™.
However, before instailing tool J 29671, fili the water
jacket with a mixture of water and 3.8 Liter (one
gallon) of permanent type antifreceze. The antifrecze
will penetrate small cracks and its color will aid in
detecting their presence.

2. Install tool J 29671,

3. Apply 276 kPa (40 psi) air pressure to the water
jacket and maintain this pressure for at least two hours
to give the water and antifreeze mixture ample time to
work its way through any cracks which may exist.

4. At the end of this test period, examine the cylinder
bores, oil passages, crankcase and exterior of the block
for presence of the water and antifreeze mixture which
will indicate the presence of cracks. A cracked cylinder
block must be replaced.

5. After the pressure test is completed, remove tool
J 29671 and drain the water jacket. Then blow out all
of the passages in the block with compressed air.

5928

Fig. 4 - Checking Cylinder Bore with Tool J 5347-B
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TRANSVERSE
POS. 2

Fig. 5 - Cylinder Block Bore Measurement Diagram

Inspect Cylinder Block
1. Cylinder Bore Measuring
With the main bearing caps torqued to specification and

the cylinder block NOT supported by lifting device or
mounting stand, proceed as follows:

CYLINDER BORE MEASUREMENT CHART

PISTON

CYLINDER | POS. [ DIA. A DIA. 8 DlA. € SELECTION

NO. 2

NO. 4

NO. 5

NO. &

NO, 8

N|=[ =~ |= R [—=|N|=|0— N~

CHART 1

Measure the cylinder bores with bore gage J 5347-B
(see Figs. 4 and 5). Record the measurements in
Chart 1. The cylinder bore gage should be calibrated
using master setting tool J 23059-01. A hand held
micrometer is not recommended for calibration of the
bore gage.

Most of the wear will occur at the top of the bore
{piston ring travel area).

Cylinder bore tolerances are:

Maximum out of round (compare positions 1 and 2,
Fig, 5) 0.025 mm {0.0017). Maximum taper (compare
transverse and logitude positions at diameters A, B and
C, Fig. 5) 0.025 mm (0.001"}.

2. Grading the Cylinder Bores

To determine the bore grade refer to measurements
recorded in Chart 1. For each cylinder compare the
position 2 measurements for diameters B and C. Select
the smallest of these two diameters (B/C) and refer to
the bore grade (Chart 2).

If the No. 1 cylinder diameter B, position 2 is 108.146
mm (4.2577”) and diameter C, position 2 is 108.148
mm (4.2578"); the 108.146 mm (4.2577") is the
smallest of diameters B and C. The bore grade Chart
(Chart 2) shows this diameter is within a grade “B”
0.127 mm (0.005") oversize. Therefore, No. 1 cylinder
would be grade “B™ 0.127 mm (0.0057) O/S.

Standard size pistons are available in (3) different
grades (A, B and C) each identified by a separate part
number. This is to facilitate piston installation in a
factory machined block since cylinder bore sizes may
vary slightly.

Oversize pistons 0.127 mm (0.0057), 0.254 mm
(0.010") and 0.508 mm (0.0207) for naturally
aspirated or turbocharged engines are available.

Only one part number has been released for each
oversize piston. The O/S piston will have the grade
identification stamped on the dome next to the part
number.

The design of the piston is such that the diameter
cannot be accurately measured in the field without
sophisticated gaging and temperature controlled
environment. An ordinary micrometer will not provide
accurate piston diameter dimensions.

After determining the size of the worn cylinder bore,
check parts stock to ensure that the required piston size
is in stock, If the piston is not in stock, it is acceptable
to go to the next grade larger piston.

Page 4
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CYLINDER BORE DIAMETERS

PISTONS A B c
Standard 108.00 - 108.016 mm 108.017 - 108.033 mm 108.034 - 108.050 mm
(4.2520 - 4.2525") (4.2526 - 4.2532") (4.2533 - 4.2539")
?&?g .;“6“/3 NOT AVAILABLE ‘0?4' ot lof'gff’é’z?;m NOT AVAILABLE
(()'315 3-3“6“/5 NOT AVAILABLE 10&227;25 1?‘2233725‘;'“ NOT AVAILABLE
O o0 ors NOT AVAILABLE e oras  d NOT AVAILABLE

CHART 2

Inspection and measuring procedures for the cam
bushing bores and the oil pump bore can be found in
Sections 1.7.2 and 4.0 respectively. Honing, boring and
sleeving procedures can be found in Section 1.0.

3. Cylinder Block Firedeck Flatness

Check the top of the block for flatness through the
center of the bores only with an accurate straight edge
and a feeler gage (Fig. 6). The top surface must not
vary more than .07 mm (.003") transversely and not
over .17 mm (.007") longitudinally.

The bolt hole bosses {Fig. 7) occasionally will protrude
above the fire deck of the cylinder block on one or both
banks after the engine has been operated for some
pericd of time. When checking the fire deck for fatness,
a raised bolt hole boss area can cause a reading
indicating that the fire deck is warped, when in fact it is
not.

s

Fig. 6 - Checking Top of Block for Flatness

In order to correct this condition, the following
procedure should be followed:

a. Perform a flatness check in the locations indicated
in Fig. 8.

b. Should the bolt hole bosses be found to protrude
above the fire deck in excess of 0.09 mm (0.0035"),
they should be draw filed and stoned down to 0.09
mm (0.0035"7). It is not necessary to return the
bolt boss te 0.00 mm (0.007),

4. Main Bearing Bores
Check the main bearing bores as follows:

a, Check the bore diameters with the main bearing
caps in their original positions (Fig. 9). Lubricate
the bolt threads and bolt head contact area with a
small quantity of International Compound No. 2,
or equivalent. Then, install and tighten the outer

BOLT HOLE
BOSSES

Fig. 7 - Bolt Hole Boss Locations
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TRANSVERSE

6276

bolts to 90-103 Nm (66-76 Ib-ft), and the inner
bolts to 140-160 Nm (103-118 Ib-ft). Main bearing
cap bolts are especially designed for this purpose
and must not be replaced by ordinary bolts. The
specified bore diameter is 106.430 mm (4.190") to
106.455 mm (4.1917), If the bores do not fall
within these limits, the cylinder block must be
rejected or reworked. See Section 1.0 for rework
procedures.

Bearing caps are numbered to correspond with their
respective positions in the cylinder block. [t is
imperative that the bearing caps are reinstalled in
their original positions to maintain the main bearing
bore alignment. The number of the front main
bearing cap is also stamped on the face of the oil
pan mounting Range of the cylinder block, adjacent
to its permanent location in the engine as
established at the time of manufacture. The No. 1
main bearing cap is always located at the end
apposite the flywheel ¢nd of the cylinder block.

b. Finished main bearing caps are available for
replacing broken or damaged caps. When fitting a
finished replacement bearing cap, it may be
necessary to iry several caps before one will be
found to provide the bore diameter and bore
alignment. If a replacement bearing cap is
installed, be sure to stamp the correct bearing
position number on the cap.

¢. Main bearing bores are line-bored with the bearing
caps in place and thus are in longitudinai
alignment. If a main bearing bore is more than
025" mm (.001"} out of alignment, the block must

Fig. 8 - Flatness Check Locations

be line bored or scrapped. Misalignment may be
caused by a broken crankshaft, excessive heat or
other damage.

d. If the main bearing bores are not in alignment or a
replacement bearing cap is used, the block must be
line bored. Install the bearing caps in their original
positions and tighten the bolts to the specified
torque. Line bore the block, but do not remove
more than .025 mm (.001") stock. After boring, all
bores must be within the specified limits.

5. Install all of the necessary plugs in the block,
Replace loose or damaged dowel pins. See Block
Plugging Charts in Section 1.0.

)

Fig. 9 - Measuring Main Bearing Bores

Page 6
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ENGINE SERIAL AND
MODEL NUMBER
ON BLOCK

Fig. 10 - Location of Engine Serial and Model Number
on Block

6. Check all of the machined surfaces and threaded
hotes in the block. Remove nicks and burrs from the
machined surfaces with a file. Clean up damaged
threads in tapped holes with a tap or install helical
thread inserts except outer main bearing and head bolt
holes.

7. After inspection, if the cylinder block is not to be
used immediately, spray the machined surfaces with
engine oil. If the block is to be stored for an extended
period of time, spray or dip it in a polar type rust
preventive such as Valvoline Qil Company’s “Tectyl
502-C”, or equivalent. Castings free of grease or oil will
rust when exposed to the atmosphere.

Assemble and Install Engine

Whenever a new cylinder block, crankshaft, camshaft
or timing gear is installed, any previously determined
injector timing heights are no longer valid. New base
circle timing heights must be established by precision
timing the engine (refer to Section 14.2.1). Before a
reconditioned or new service replacement cylinder block
is used, thoroughly clean it to remove the rust
preventive and blow out the oil galleries with
compressed air.

After the cylinder block has been cleaned and
inspected, assemble the engine as follows:

1. Mount the block on the overhaul stand.

2. If a new service replacement block is used, stamp the
engine serial number on the block in the same place as
the identification label is now Jocated (Fig. 10). Also,
stamp the position numbers on the main bearing caps
and the position of the No. 1 bearing on the oil pan
mounting flange of the block.

3. Install all of the required plugs. Cup plugs should be
cleaned prior to the application of a sealant. See Block
Charts in Section 1.0. Whenever a pipe plug is removed
from the cylinder block, do not reinstall the same plug.
Install 2 new precoated pipe plug.

4. Clean and inspect all of the engine parts
subassemblies and using new parts as required, install
them on the cylinder block by reversing the sequence of
disassembly, Refer to the end of this section for the
installation of the valley cover). The procedures for
inspecting and installing the various parts and
subassemblies are outlined in the following sections of
this manual,

5. Complete the engine build-up by installing all

remaining accessories, fuel lines, electrical connections,
controls, etc. and reinstall the engine in the vehicle.

Remove Valley Cover
{Cylinder Heads Installed)

1. Remove air inlet ducting and turbocharger, if used.

2. Discennect fuel lines from fuel pump.

3. Remove fuel junction block.

4. Remove both air intake manifolds. Cover air intake
ports of cylinder heads with shop towels to prevent dirt

or other objects from entering the engine.

5. Remove water outlet cover L/B rear and water outlet
elbow R/B front.

6. Remove valve rocker covers. Discard the gaskets.

7. Remove Nos. 1 and 2 cylinder rocker arm
assemblies.

8. Remove governor control link tube bolts and boot
clamps.

9. Disconnect and remove governor control linkage
{governor to injector rack control tube). Then, remove
the governor control link tube, boot and clamps.

© 1984 General Motors Corp.
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10, Remove the governor and fuel pump as an
assembiy.

1. Remove the two valley cover stiffener brackets, bolis
and beveled washers.

12. Remove valley cover and valley cover to head side
scals. Cover valley section of block with shop towels to
prevent dirt or other objects from entering the engine.
Remove all gasket material from the block, the heads
and the intake manifolds. Clean valley cover.

install Valley Cover
(Cylinder Heads Installed)

1. Remaove the shop towels.

U
|
of

[o @9

FRONT ' REAR
OF ) OF
ENGINE 6381  ENGINE

Apply a émm (¥ ) Dia. bead of RTV as shown prior
to valley cover ass’y. Do not allow RTV to stand for
more than 10 minutes before installing cover.

Fig. 11 - RTV Locations

2. Apply Room Temperature Vulcanizer (RTV) sealer
or equivalent (Fig. 11).

3. Install the cover to head side seals on the valley
cover.

4. Place the valley cover assembly on the block over the
front and rear gaskets.

5. Place a valley cover stiffener bracket at each end
with the bolt holes in alignment.

6. Install two bolts and two beveled washers in each
bracket. Tighten the bolts to 23-27 Nm (17-20 Ib-ft)
torque.

7. Install water outlet cover L/B rear and water outlet
elbow R/B front.

8. Install governor/fuel pump assembly.

9, Install intake manifolds. Tighten the bolts to 46-53
Nm (34-39 1b-ft) torque.

10. Tnstall governor control linkage, governor control
link tube, boots and boot clamps.

11. Adjust the governor control linkage to injector rack
control tube as outlined in Section 14.3 under
“Governor Control to Injector Rack Connection™.

12. Install Nos. 1 and 2 cylinder rocker arm
assemblies. Tighten bolts to 46-53 Nm (34-39 Ib-ft)
torque.

13. Confirm injector timing and valve lash of cylinders
Nos. 1 and 2 (where rocker arm assemblies were
removed). If found to be out of specifications, adjust as
outlined in Section 14.2 (Nos. 1 and 2 only).

14. Install fuel junction block.
15. Install fuel lines.
16. Install the turbocharger, if used.

17. Install valve rocker covers with new gaskets.
Tighten bolts to 23-27 Nm (17-20 1b-ft) torque.

Page 8
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CYLINDER HEAD

The cylinder head (Fig. 1) is a one-piece casting
securely held to the top of the cylinder block bank with
ten bolts.

The valves, fuel injectors and some of the valve and
injector operating mechanisms are located in the
cylinder head.

To ensure efficient cooling, each fuel injector is inserted
into a thin-walled tube which passes through the water
space in the cylinder head. The injector tube is sealed
with an “O™ ring seal. The scaled end of the injector
tube prevents water and compression leaks.

A tube type heat shield is used in each cylinder head
exhaust port. The tube creates dead air space to
minimize heat transfer to the water jacket.

The fuel gallery is an integral part of the cylinder head.
Tapped holes are provided for connection of the fuel
lines at each end of the cylinder head.

To seal compression between the cylinder head and the
cylinder block a laminated metal gasket is provided at
each cylinder head. When the cylinder head is drawn
down, a positive leakproof seal is assured between the
head and the block.

Cylinder Head Maintenance

The cooling system should be inspected daily and kept
full at all times. The cylinder head fire deck wiil
overheat and crack in a short time if the coolant does
not cover the fire deck surface. An overheated engine
should be allowed to cool before any water is added.
Then, add water slowly to avoid rapid cooling which can
result in distortion and cracking of the cylinder head
{and cylinder block).

Abnormal operating conditions or neglect of certain
maintenance items may cause cracks to develop in the
cylinder head. If this type of failure occurs, a careful
inspection should be made to find the cause and avoid a
recurrence of the failure. Unsuitable water in the
cooling system may result in lime and scale formation
and prevent proper cooling. The cylinder head should be
inspected around the valve water jackets. This can be
done by removing an injector tube. Where inspection
discloses such deposits, use a reliable noncorrusive scale
remover to remove the deposits from the cooling system
of the engine, since a similar condition will exist in the
cylinder block and other components of the engine.

Loose or improperly seated injector tubes may result in
compression leaks into the cooling system and also
result in loss of engine coolant. The tubes must be tight
to be properly seated.

Overtightened injector clamp bolts may also cause head
cracks. Always use a torque wrench to tighten the bolts
to 10-12 Nm (7-9 lb-ft) torque.

Other conditions which may eventually result in
cylinder head cracks are:

1. Excess fuel in the cylinder caused by leaking
injectors.

2. Slipping fan belts can cause overheating by reducing
air flow through the radiator.

3. Accumulation of dirt on the radiator core which will
reduce the flow of air and slow the transfer of heat from
the coolant to the air.

4. Inoperative radiator cap which will result in loss of
coolant.

Remove Cylinder Head

Due to the various optional and accessory equipment
used, only the general steps for removal of the cylinder
head are covered. If the engine is equipped with
accessories that affect cylinder head removal, note the
position of each before disconnecting or removing them
to ensure correct reinstallation. Then, remove the
cylinder head as follows:

1. Drain the cooling system.

2. Disconnect the exhaust piping at the exhaust
manifold,

3. Remove the air cleaner.
4. Remove the air intake manifold.
5, Disconnect the fuel lines.

6. Remove the water connection at the front of the
head.

7. Clean and remove the valve rocker cover.
8. Disconnect and remove the fuel rod between the

governor and the injector control tube lever. Remove
the fuel rod cover.

© 1984 General Motors Corp.
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INJECTOR
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INTAKE VALVE EXHAUST VALVE
ROCKER ARM

INJECTOR

DIPSTICK TUBE

EXHAUST

ROCKER ARM ROCKER ARM CONTROL TUBE

EXHAUST PORT
HEAT SHIELD

INTAKE

VALVE
ROTATOR

ROCKER ARM
SHAFT BRACKET

INJECTOR

5892

Fig. 1 - Cylinder Head Assembly

9. Disconnect the clamp at the turbocharger tube and
remove the exhaust manifold.

10. Remove the valve and injector rocker arms, shafts
and brackets.

11. Remove the injector control tube and brackets as an
assembly. Remove the push rods, -

12. If the cylinder head is to be disassembled for
reconditioning of the valves or for a complete overhaul,
remove the fuel injectors at this time. -

13. Check the torque on the cylinder head bolts before
removing the head. Then, remove the bolts and lift the
cylinder head from the cylinder block using a suitable
lifting tool. Checking the torque before removing the
head bolts and examining the condition of the head
gaskets after the head is removed may reveal the causes
of any cylinder head problems.

NOTE: When placing the cylinder head assembly
on a bench, protect the injector spray tips, if the
injectors were not removed, by resting the valve
side of the head on wood blocks.

14. Remove and discard the cylinder head gasket.

Page 2
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Cylinder Head 1.2

15. After the cylinder head has been removed, drain the
lubricating oil from the engine. Draining the oil at this
time will remove any coclant that may have worked its
way to the oil pan when the head was removed.

Clean Cylinder Head

After the cylinder head has been disassembled and all
of the plugs (except cup plugs) have been removed,
thoroughly steam clean the head. If the water passages
are heavily coated with scale, remove the injector tubes.
Then clean the ¢ylinder head in the same manner as
outlined by cleaning the cylinder block (Section 1.1).

Clean all of cylinder components with fuel oil and dry
them with compressed air.

Inspect Cylinder Head
1. Pressure check the cylinder head as follows:
a. Install tool J 29670-A on cylinder head.

b. Install scrap or dummy injectors tc ensure proper
seating of the injector tubes. Tighten the injector
clamp bolts to 10-12 Nm (7-9 Ib-ft) torque.

c. Apply 138 kPa (20 psi) air pressure to the water
jacket. Then, immerse the cylinder head in a tank
of water, previously heated to 82-93°C (180-
200° F), for about twenty minutes to thoroughly
heat the head. Observe the water in the tank for
bubbles which indicates a leak ar crack. Check for
leaks at the top and bottom of the cylinder head.

d. Relicve the air pressure and remove the cylinder
head from the water tank. Then, remove tool
J 29670-A and the injectors and dry the head with
compressed air.

e. If the pressure check revealed any cracks, install a
new cylinder head.

2. All cylinder head exhaust port heat shields do not
have to be replaced at the same time. Inspect each heat
shield at the time of major overhaul or during cylinder
head rework as follows:

a, Remove the heat shield from the cylinder head and
inspect the outside diameter for carbon deposits. If
carbon is visible replace the heat shield.

b, If carbon is not visible, the shield should be further
inspected inside and out for cracks, dents, tears, or
any other damage.

Fig. 2 - Checking Fire Deck Flatness

If no damage is evident reinsert the heat shield in its
original location.

If a service replacement cylinder head is to be installed,
it must be thoroughly cleaned of all rust preventive
compound, particularly inside the fuel gallery before
installing. A simple method of removing the rust
preventive compound is to immerse the head in a
mineral spirits based sclvent or fuel oil, then scrub the
head and go through all of the openings with a soft
bristle brush. After cleaning, dry the cylinder head with
compressed air.

Fire Deck Flatness

Check the cylinder head fire deck flatness with an
accurate straight edge and a feeler gage as indicated in
Fig. 2. The maximum allowable variance of the head
surface is: .15mm (.006") longitudinal (positions A, B,
C, D & E) and .10mm (.004") transverse (positions 1,
2, 3, 4 & 5). If the head is out of specifications it must
be replaced or resurfaced. The fire deck can be
resurfaced to a maximum of .38mm (.015") or a
minimum fire deck to rocker cover gasket area
dimension of 114.3mm (4.5") whichever occurs first
(see Fig. 3).

ROCKER COVER GASKET AREA

114.
(4.5 INS.) MIN.

Fig. 3 - Fire Deck Resurfacing Specification
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The surface finish required is 2.8 micrometers (110
microinches) maximum. Surface waviness must not
exceed .008mm (.00037) in 2.5mm {.098") minimum.

NOTE: The surface finisk and waviness arc
critical for cylinder head gasket sealing.

When the fire deck is resurfaced, it will be becessary to:

1. Stamp the amount of stock removed on the face of
the fire deck, away from the combustion or sealing
areas in the location shown on Fig. 2.

2. Install new injector tubes and seals (reference
Section 2.1.4) and pressure test the cylinder head.

3. Check to ensure intake and exhaust valves are .00-
.9mm (.00-.035") below the fire deck of the cylinder
head. Grind the valve seats, if necessary to obtain this
specification.

Assemble Cylinder Head

After cleaning and inspection, assemble the cylinder
head as follows:

1. Install new precoated pipe plugs and tighten them to
the specified torque (see cylinder head plugging chart in
Section 1.0).

2. After the following parts are cleaned and inspected,
and replaced if necessary, reinstall them in the old
cylinder head or transfer them to the new head.

a. Install the valves and springs.
b. Install the control tube assembly on the head.

<. Install the fuel injector.

Pre-Installation Inspection

Make the following inspections just prior to installing
the cylinder head whether the head was removed to
service only the head or to facilitate other repairs to the
engine.

1. Make sure the piston crowns are clean and free of
foreign material.

2. Check the cylinder block and cylinder head gasket
surfaces, to be sure they are clean and free of foreign
material.

3. Inspect the cylinder head bolt holes in the block for
accumulation of water, oil or any foreign material.

Clean the bolt holes thoroughly and check for damaged
threads.

Install Cylinder Head

1. Attach a suitable lifting sling (Fig. 4) to the cylinder
head and lift the head into position above the cylinder
block.

2. Make a final visual check of the new gasket to ensure
it is in place before the cylinder head is lowered.

3. Wipe the bottom of the cylinder head clean. Then,
lower the head over the dowel pins in the cylinder block.

4. Place a special flat washer on each cylinder head
bolt. Apply a small quanity of International Compound
No. 2 or equivalent, to the threads of each cylinder
head attaching bolt and the underside of the bolt head.
Then, install the bolts finger tight.

NOTE: Cylinder head bolts are especially
designed for this purpose and must not be
replaced by ordinary bolts.

5. Tighten the bolts to 196 Nm (145 lb-ft) torque with
a torque wrench, about one-half turn at a time. Tighten
the bolts in the sequence shown in Fig. 5.

6. Cover the oil drain holes in the cylinder head to
prevent foreign objects from falling into the holes.

7. If the fuel injectors were not previously installed,
install them at this time.

Fig. 4 - Lifting or Installing Cytinder Head

Page 4
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Fig. 5 - Cylinder Head Bolt Tightening Sequence

8. Install the valve and injector push rods through the
holes in the head and position the ends in the cam
follower in the block.

9. Set the injector control tube assembly in place on the
cylinder head and install the attaching bolts finger
tight. When positioning the control tube, be sure the
ball end of each injector rack control lever engages the
slot in the corresponding injector control rack. With the
control tube return springs in their proper position,
tighten the bracket bolts t¢ 30-34 Nm (22-25 1b-ft)
torque.

10. After tightening the bolts, revolve the injector
control tube to be sure the return spring pulls the
injector rack out (no-fuel position) after they have been
moved all the way in (full-fuel position). Since the
injector control tube is mounted in self-aligning
bearings, tapping the tube lightly will remove any bind
that may exist. The injector racks must return to the

no-fuel position freely by aid of the return spring only.
Do not bend the spring. If necessary, replace the spring.

11. Install the fuel rod and the fuel rod cover boot and
¢lamps. Tighten the clamps.

a. Adjust the governor to injector control rack links
(Section 14.3).

b. Install the rocker arms, shafts and brackets
(Section 1.2.1).

12. Remove the covers from the drain holes in the
cylinder head, previcusly installed in Step (6) six.

13. Use new gaskets and install the rocker cover.
14. Install the air intake manifold{s) using new gaskets.
15. Install the air inlet housing and air cleaner.

16. Install the exhaust manifold(s) and connect the
exhaust piping using new gaskets.

17. Install the water outlet elbow to the front of the
cylinder head. Connect the water hoses and tighten the
water hose clamps.

18. Connect the fuel lines.

19. Install any other equipment that was previously
removed.

20. Fill the cooling system and lubrication system.

21. Before starting the engine perform an engine tune-
up as outlined in Section 14,
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1.2.1

VALVE AND INJECTOR OPERATING MECHANISM

Three rocker arms are provided for each cylinder; the
two outer arms operate the exhaust and intake valves
and the center arm operates the fuel injector.

Each set of three rocker arms pivots on a shaft
supported by two brackets. A single bolt secures each
bracket to the top of the cylinder head. Removal of the
two bracket bolts permits the rocker arm assembly for
one cylinder to be raised, providing easy access to the
fuel injector and the valve springs.

The rocker arms are operated by a camshaft through
cam followers and long push rods extending through the
cylinder head.

Each cam follower operates in a bore located in the
cylinder block valley (Fig. 1). A guide for cach set of
three cam followers is attached to the cylinder block to
retain the cam followers in place and to align the cam
follower rollers with the camshaft lobes. A coil spring,
inside of the injector cam follower, maintains a
predetermined load on the cam follower to ensure
contact of the cam roller on the camshaft lobe at all
times.

Lubrication

The valve and injector operating mechanism is
lubricated by oil from the longitudinal oil passage in the
cylinder head, which connects with the main oil gallery
in the cylinder block. Oil from this passage flows
through passages in the rocker shaft bracket to the
passages in the rocker arm shaft to lubricate the rocker

arms.

Fig. 1 - Location of Cam Followers and Guide in
Block

The cam follower rollers are lubricated by oil draining
from the cylinder head through the push rod holes and
crankshaft oil throw off.

Service

Some service operations may be performed on the valve
and injector operating mechanism without removing the
cylinder head.

1. Adjust valve clearance.

2. Replace a valve spring.

3. Replace a rocker arm.

4, Replace a rocker arm shaft or bracket,

5. Replace valve and injector push rods.

6. Replace a fuel injector.

To replace the intake and exhaust valves the cylinder
head must be removed.

Remove Rocker Arms and Shaft
1. Clean and remove the valve rocker cover.

2. Loosen the locknut and back ocut the adjusting screw
to relieve the tension on the valve and injector spring.

3. Loosen the rocker shaft bolts and remove the rocker
arm shafts and supports.

NOTE: If the rocker arms and shafts are to be
removed from two or more cylinders, tag them so
they may be reinstalled in their original
positions.

Inspection

Wash the rocker arms, shaft, brackets, and bolts with
clean fuel oil. Clean out any oil passages in the above
parts. Dry the parts with compressed air.

Inspect the rocker arm shaft and injector rocker arm
bores for wear. Inspect the rocker arms for galling or
wear on the pallets (valve or injector contact surfaces).
If worn, the surface may be ground up to a maximum
of .25 mm (.010”). Use care when surface grinding to
avoid overheating the rocker arm. Maintain the radius
and finish as close to the original surface as possible.
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Remove Cam Follower and Push Rod

When removing the cam followers, push rods and
associated parts, tag them so they may be reinstalled in
their original location.

To remove the cam followers located in the cam bores
in the cylinder block valley, the valley cover must first
be removed (see Section 1.1).

1. To remove the push rods, remove the two rocker
shaft bracket hold down bolts. Lift the brackets, shaft,
and rocker arms from the cylinder head.

2. Remove two bolts and lift out the cam follower guide.

3. Remove the spring from the (center) group of three
cam followers.

4, Lift the cam followers from the bores in the cylinder
block.

Inspection

Proper inspection and service of the cam follower is very
necessary to obtain continued efficient engine perform-
ance. When any appreciable change in injector timing
or valve clearance occurs during engine operation,
remove the cam followers and their related parts and
inspect them for excessive wear. This change in injector
timing or valve clearance can usually be detected by
excessive noise at idle speed. Wash the cam followers
with lubricating oil or Cindol 1705 and wipe dry. Do
not use fuel oil. Fuel oil working its way in between the
cam roller bushing and pin may cause scaring on initial
start-up of the engine since fuel oil does not provide
adequate lubrication. The push rods, springs and
follower guides may be washed with clean fuel oil and
dried with compressed air.

Examine the cam follower rollers for scoring, pitting or
flat spots. The rollers must turn frecly on their pins.
Measure the total diameter clearance and side
clearance. The total diameter clearance for the injector
and cam follower pin to bushing {clearance) is .033
mm-.053 mm (.00137-.0021”), max. .102 mm (.004").
The injector cam follower side clearance is .27 mm-.58
mm (0117-.023") and the valve cam follower side
clearance is .4 mm-.6 mm (.016"-.0247).

Examine the camshaft lobe for scoring, pitting or flat
spots. Replace the camshaft, if necessary.

Check the cam follower-to-cylinder block clearance.
The clearance must not exceed .127 mm (.0057) with
used parts.

Examine the cam follower bores in the cylinder block to
make sure they are clean, smooth and free of score

marks. If necessary, clean up the bores. Examine the
injector cam follower spring for wear or damage and
check the spring load.

Use valve spring tester J 22738-02 to check the spring
load. Replace a spring if a load of less than 511.55 N
(115 1bs.) will compress the spring to a length of 31.75
mm (1.257).

There are two methods that may be used for checking
the straightness of the push rods.

The first method requires the use of a confirmed flat
surface plate having a width of ten and one-half inches.
Use a feeler gauge to check the clearance at the center
of the push rod between the flat surface and shaft while
rotating or rolling the push rod.

The second method requires the use of “Vee” blocks
and a dial indicator. Vee blocks must be set to a
maximum outside dimension of ten and one-half inches
and dial indicator readings are to be taken at the center
of the push rod. Rotate the push rod within the Vee
blocks and check the dial indicator readings for a bent
shaft.

Replace only those push rods found to exceed .20 mm
(.008”) max. runout variation with either the feeler
gauge or the dial indicator.

Do not attempt these inspection methods by rolling the
push rod on the ball and cup ends, since the ends may
be slightly off-center. Such a condition will not affect
engine operation, however, an accurate straightness
check of the shaft cannot be made.

Install Cam Fellower

If new cam follower assemblies are to be installed,
remove the preservative by washing with Cindol 1705
and wipe dry. Do not use fuel oil. Before cam followers
are installed, immerse them in clean Cindol 1705

, heated to 38-52 ° C (100-125° F) for at least one hour

to ensure initial lubrication of the cam roller pins and
bushings. Rotate the cam rollers during the soaking
period to purge any air from the bushing-roller area.
The heated Cindol oil results in better penetration as it
is less viscous than engine oil and flows more easily
between the cam roller bushing and pin. After the cam
followers are removed from the heated Cindol 1705; the
¢cooling action of any air trapped in the bushing and pin
area will tend to pull the lubricant into the cavity.

NOTE: Heat the Cindol 1705 in a small pail with
a screen insert. The screen will prevent the cam
followers from touching the bottom of the pail
and avoid the possibility of contamination.

Page 2
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Valve Operating Mechanism 1.2.1

CAM
FOLLOWER

Installing Cam Follower Guide

Fig. 2 -
Install used cam followers and push rods in their
original locations.

I. Slide the cam followers in position in the cylinder
block cam follower bores.

2. Place a spring in the body of the center cam follower
(injector) only.

3. Attach the follower guide to the cylinder block to
hold the group of three cam followers in place.

4. Guides are to be set with .25 mm (.010") clearance
(.127 mm (.005") each leg) between the guide and
follower bedy, as shown in Fig. 2. Tighten the guide
bolts to 23-27 Nm (17-20 1b-ft) torque. Make sure 1he
guide is not binding the followers. If it is, lowsen the
guide bolts slightly and tap each corner of the guid=
with a brass rod until there is no ginding. Then,
retighten the bolts to the specifeid torque.

5. Install the injector and valve push rods through the
proper holes in the head and locate them in the cam
followers.

Install Rocker Arms and Shaft

Note that the injector rocker arm (center arm of the
group) is different from the valve rocker arms.

NOTE: Install with the exhaust rocker arm to the
front of the engine on the right bank and to the
rear of the engine on the left bank.

1. Appiy clean engine oil to the rocker arm shaft and
slide the shaft through the rocker arms. Then, place a
bracket over each end of the shaft.

2. Insert the rocker arm bracket bolts through the
brackets and the shaft. Tighten the bolts to 46-53 Nm
(34-39 1b-ft) torque. Check to make sure there is some
clearance between the rocker arms.

NOTE: During the assembly or replacement of
the push rods and the rocker arms caution must
be used to insure that the ball end of the rocker
arm adjusting screw is seaied in the cup of the
push rod when the rocker shaft bracket bolts are
being tightened down. This will prevent the ball
from being pulled down on the top edge of the
cup, which could result in bending the push red
and/or damage to the cup.

3. Align the push rods with the rocker arm
adjusting screws.

4. Adjust the intake and exhaust valve clearance
and time the injectors.

5, Perform an engine tune-up (refer to
Section 14),
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VALVES

Two valves are provided for each cylinder. One is an
¢xhaust valve and the other is an intake valve. The
valve heads are heat treated and ground to the proper
seat angle and diameter. The intake valve has a larger
O.D. head. The valve stems are ground to size and
hardened at the end, which contacts the valve rocker
arm.

The valve stems are contained within guides which are
machined into the cylinder head casting. Exhaust valve
seats are ground into a hardened area in the cylinder
head.

A valve guide oil seal is used at both the exhaust and
intake valve.

The valve spring assembly is held in place by the valve
rotator (Fig. 1) and tapered two-piece valve locks.

Valve Maintenance

Efficient combustion in the engine requires that the
valves be maintained in good operating condition. Valve
seats must be true and unpitted to assure leakproof
seating. Valve stems must work freely and smoothly
within the valve guides and the correct valve clearance
must be maintained.

Proper maintenance and operation of the engine is
important to long valve life. Low operating tempera-
tures (usually due to extended periods of idling or light
engine loads) result in incomplete combustion, forma-
tion of excessive carbon deposits and fuel lacquers on
valves and related parts, and a greater tendency for
lubricating oil to sludge.

Unsuitable fuels may also cause formation of deposits
on the valves, especially when operating at low
temperatures.

When carbon deposits, due to partially burned fuel,
build up around the valve stems and extend to that
portion of the stem which operates in the valve guide,
sticking valves will result. Thus, the valves cannot seat
properly and pitted and burned vaives and valve seats
and loss of compression will result.

Lubricating oil and oil filters shouid be changed
periodically to avoid accumulation of sludge.

Valve sticking may also result from valve stems which
have been scored due to foreign matter in the
lubricating oil, leakage of antifreeze (glycol) into the
lubricating oil which forms a soft sticky carbon and

gums the valve stems. Sticking valves may eventually
become bent or broken by being held in the open
position and struck by the piston. Tightly adjusted
valves will cause rapid pitting of the valve seats and a
hotter running condition on the valve stems.

Remove Valve Spring (Cylinder Head Installed)

A valve spring may be removed, without removing the
cylinder head from the engine, as follows: ‘

1. Clean and remove the valve rocker cover.

2. Bar the engine until the number 1 injector follower
descends between 3.0-4.0 mm (.120-.160"). The valves
will now be in a closed position. The piston is now near
the top of its stroke,

CAUTION: Be sure that the injectors are in a no-
fuel position before barring the engine as
personal injury could result,

NOTE: When a wrench or barring tool is used on
the crankshaft bolt at the front of the engine, do
not turn the crankshaft in a left-hand direction
of rotation or the bolt may be loosened.

3. Remove the two bolts holding the rocker arm shaft
brackets to the cylinder head. Then, remove the
brackets, rocker arms and shaft.

4. Thread a suitable tool such as valve spring
compressor adaptor tool J 7455 into one of the rocker
arm bracket bolt holes in the cylinder head. Then,
compress the spring and remove the two-piece valve
lock.

5. Release the tool and remove the valve rotator, valve
spring and the oil seal. Remove the oil seal with tool
J 28612. Discard the oil seal.

6. Repeat Steps 2 thru 5 in firing order sequence to
remove the remaining valve springs.

Remove Valves and Valve Springs
{Cylinder Head Removed)

With the cylinder head removed from the engine,
remove the valves and springs as follows:

1. Place the cylinder head on a cylinder head rollover
stand J 33763,
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Fig. 1 - Cylinder Head Assembly

2. Remove the two bolts hoiding the rocker arm shaft
brackets to the cylinder head. Then, remove the
brackets, rocker arms and shaft.

3. Compress the valve springs using valve spring
compressor tool J 8062. Remove the two-piece valve
lock. Release the tool and remove the valve rotator,
valve spring and oil seal. Remove the oil seal with tool
J 28612. Discard the oil seal.

4. Turn the cylinder head over, using care to keep the
valves from falling out of the head. If the valves are to
be reused, number each valve to facilitate reinstallation

in the same location. Then withdraw the valves from the

cylinder head.

Inspection

Clean the springs with fuel oil, dry them with
compressed air and inspect them. Replace a pitted or
fractured spring.

A valve spring that has experienced high stress will
generally fracture one and one haif coils from the end
of the -spring. However, the entire spring should be

Page 2
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Valves 1.2.2

inspected. Replacement of a broken valve spring
requires a new rotator and valve locks. Detroit Diesel
Allison recommends that all valve springs, rotators and
locks be replaced at the time of major overhaul.
Further, these parts should be replaced at the time a
major failure has occured after 100,000 miles or 3,000
hours of engine operation.

Use spring tester J 22738-02 to check the spring load
(Fig. 2). Replace a spring if a load of less than 177.93
N (40 lbs.) will compress the spring to 50.8 mm (2
inches).

Carbon on the face of a valve indicates blow-by due to a
faulty seat. Black carbon deposits extending from the
valve seats may result from cold operation due to light
loads or the use of too heavy a grade of fuel. Rusty
brown valve heads with carbon deposits is evidence of
high operating temperatures. High operating tempera-
tures are normally due to overloads, inadequate cooling
or improper timing which results in carbonization of the
lubricating oil.

Clean the carbon from the valve stems and wash the
valves with fuel oil. The valve stems must be free from
scratches or scuff marks and the valve faces must be
free from ridges, cracks or pitting. If necessary, reface
the valves or install new valves. If the valve heads are
warped, replace the valves.

Clean the inside diameter of the valve guide bores with
a suitable brush such as J 8101. This brush will remove
all gum or carbon deposits from the valve guide bores.

Inspect the valve guide bores for chipping, scoring or
excessive wear. Check the valve-to-guide clearance,
since worn valve guide bores may eventually result in
improper valve seat contact.

The valve stem diameter of a new valve is 8.66-8.68 mm
(.341-342"). The maximum allowable wear limit is .04
mm (.002") or a diameter no less than 8.61 mm
(.339"). A new valve guide bore diameter is 8.703-
8.705 mm (.343-.344"). The maximum allowable wear
limit is .127 mm (.005") or a diameter no greater than
8.832 mm (.348”").

The combined wear of the valve stem and the valve
guide bore should not exceed .127 (.0057) clearance on
the diameter.

Recondition Valve and Seat

A valve which is to be reused may be refaced, if
necessary on a valve grinder such as shown in Fig. 3.

Before either a new or used valve is installed, examine
the valve seat in the cylinder head for proper valve
seating.

When the valve seat in the cylinder head is to be
reground, the work must be done with a suitable
grinding wheel.

The eccentric grinding method (tool J 7040) for
reconditioning valve seats in the cylinder head is
recommended. This method produces a finer, more
accurate finish since only one point of the grinding
wheel is in contact with the valve seat at any time. A

Fig. 2 - Testing Valve Spring

Fig. 3 - Refacing Valve
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micrometer feed permits feeding the grinding wheel into
the work .025 mm (.0017} at a time. .

The valve must not protrude beyond the cylinder head

(when the valve is in the closed position), to maintain

the proper piston-to-valve clearance. Use sled gage
J 22273-01 to measure valve position. Grinding the
valve seat will cause the valve to recede imto the
cylinder head.

When occasion requires, the grinding wheel may be
dressed to maintain the desired seat angle with a
suitable dressing- tocl provided with the grinder set
shown in Fig. 4. )

After grinding has been completed, clean the valve seat
thoroughly with fuel cil and dry it with compressed air.
Set a suitable dial indicator such as "J 8165-2 in
position in the valve stem guide bore and rotate it to
determine the concentricity of each valve seat relative to
the valve stem guide bore. If the runout exceeds .05
mm. {(.002") regrind the valve seat in the cylinder head.

After the valve seat in the cylinder head has been
ground, determine the position of the contact area
between the valve and the valve seat as follows:

a. Apply a light coat of Prussian Blue or similar paste
to the valve seat.

b. Lower the stem of the valve in the valve bore and
“bounce” the valve on the seat. This procedure will
show the the area of contact (on the valve face). The
contact pattern should cover a full 360° .

After the valve seats have been ground and checked,
thoroughly clean the cylinder head before installing the
valves.

Install Valves ond Springs

1. Lubricate the valve stems with clean engine oil and
slide the valves all the way into the bores.

NOTE: If reconditioned valves are used, install
them in the same cylinder location from which
they were removed.

2. Hold the valves in place temporarily with a strip of
masking tape. Then, turn the cylinder head right side
up on the work bench. Place a board under the head to
support the valves, or turn the head over using rollover
stand J 33703.

3. Refer to Fig. 5 and install the valve oil seals, on the
valve guide bores using tool J 28612 as follows:

VALVE
KEYS

E%

YALVE
ROTATOR
VALVE H
SPRING
VALVE STEM
SEAL

VALVE
GUIDE
(PART OF HEAD)

INTAKE EXHAUST
VALYE VALVE

L-8148

Fig. 4 - Grinding Wheel Dressing Tool

Fig. 5 - Valves and Relative Location of Parts
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a. Place the plastic seal installation cap on the end of
the valve stem. If the cap extends more than 1/16”
below the groove on the valve stem, remove the cap
and cut off the excess length.

b. Lubricate the installation cap and start the seal
carefully over the valve stem. Push the seal down
slowly until it rests on top of the valve guide bore.

¢. Remove the installation cap.
4. Install the valve spring and the valve rotator.

5. Thread a suitable valve spring compressing tool such
as J 7455 into one of the rocker shaft bracket bolt holes
in the cylinder head.

6. Apply pressure to the free end of the tool to compress
the valve spring and install the two-piece tapered valve
lock. Exercise care to avoid scoring the valve stem with
the valve rotator when compressing the spring. Give the
end of the valve stem a sharp tap with a—plasnc hammer
to seat the valve locks. This will aid in thé-proper
seating of the valve locks and reduce the chances of
failure.

NOTE: Compress the valve spring only enough to
permit installation of the valve locks. Compress-
ing the spring teco far may result in damage to
the oil seal.

7. Release the tool and install the valve locks on the
remaining valves in the same manner.

8. With the valves installed in the cylinder head, use a
suitable spring checking gage such as J 25076-B to
check the amount of pressure before the valve starts to
open. The minimum pressure required to start to open
the valve must not be less than 222 N (50 pounds).

9. Install the injector, control tube assembly and any
other parts that were previously removed from the
cylinder head.

10. Install the cylinder head, rocker arms, shafts,
brackets and remainder of parts. Refer to Pre-
Installation Inspection and Install Cylinder Head in
Section 1.2.

11. TInitial valve clearance can be set with the engine
cold at 0.36 mm (.014") using a feeler gage for exhaust
and 0.31 mm (.0127) for intake valves.

12. After the engine has been run, perform a complete
tune-up as outlined in Section 14,
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VALVE ROCKER COVER

Fig. 1 - Valve Rocker Cover Mounting

The valve rocker cover assembly (Fig. 1) completely
encloses the valve and injector rocker arm compart-
ment at the top of the cylinder head on each bank.
The rocker cover is made of sound damping laminated

steel. The top of the cylinder head is sealed against oil
leakage by a gasket located in the flanged edge of the
cover. -

The valve rocker cover assembly has an oil filler cap on
each bank.

Remove and lInstall Valve Rocker Cover

Clean the valve rocker cover before removing it from
the engine to avoid dust or dirt from entering the
valve mechanism. Then remove eleven bolts and
reinforcement plates and lift the cover straight up
from the cylinder head. Discard the cover gasket.

Thoroughly clean the head and valve rocker cover
gasket surface. Apply a bead of Room Temperature
Vulcanizer (RTV) sealer or equivalent to the valve
rocker cover and install a new gasket. Then install the
cover assembly. Tighten the cover bolts to 23-27 Nm
(17-20 1b-ft) torque.
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1.3

CRANKSHAFT

The crankshaft (Fig. 1) is a one-piece ductile iron
casting with pressure rolled fillets to ensure strength
and durability.

The crankshaft end play is controlled by the No. 4
upper main (saddle) bearing, with thrust flanges. Full
pressure lubrication to all connecting rod and main
bearings is provided by drilied passages within the
crankshaft and cylinder block.

Eight tapped holes are provided for attaching the
flywheel. One hole is unequally spaced so that the
flywheel can be attached in only one position. This is
essential for proper engine balance.

NOTE: Some early built engines had a
crankshaft with a larger flywheel retaining bolt
hole circle. To eliminate the possibility of rear
oil seal leakage caused by crankshaft butt end
distortion after the flywheel bolts are tightened,
the diameter of the bolt hole circle was reduced
from 112.8 mm (4.44") to 106.68 mm (4.20").

Remove Crankshaft

When removal of the crankshaft becomes necessary,
separate the transmission from the engine and proceed
as follows:

I. Clean the exterior of the engine.

2. Drain the cooling system.

3. Drain the engine crankcase.

4. With a suitable lifiing chain hoist and sling
attached to the lifter brackers remove all engine
mounting bolts and remove the engine from its base.
5. Remove all of the accessories and assemblies with
their attaching parts as necessary to permit the engine

to be mounted on an overhaul stand.

6. Mount the engine on an overhaul stand and fasten
it securely to the mounting adaptor.

CAUTION: Be absolutely sure the engine is
securely attached to the stand before releasing
the lifting sling. Severe injury to personnel and
destruction of engine parts will result 1r the
engine breaks away from the stand.

7. Remove the oil pan and discard the gaskets.

8. Remove the oil pump inlet pipe and screen
assembly.

9. Remove the fiywheel and flywheel housing.
10. Remove the crankshaft pulley.

11. Remove the front engine support.
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Fig. 1 - Typical Crankshaft
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12. Remove the water pump and front cover.

13. Remove the cylinder heads.

14. Remove the connecting rod bearing caps.

15. Remove the piston and connecting rod assemblies.

6. Remove four bolts 4t each main bearing cap and
remove the caps.

17. Remove the crankshaft, as shown in Fig. 2.

18. Refer to Section 1.7.5 for removal of the
crankshaft timing gear.

Inspection

After the crankshaft has been removed, clean and
inspect it thoroughly before reinstalling it in the
engine. -

Clean out the oil passages thoroughly with a stiff wire
brush. Clean the crankshaft with fuel oil and dry it
with compressed air. ~

Inspect the keyways for evidence of cracks or wear.
Replace the crankshaft, if necessary.

If the crankshaft shows evidence of excessive
overheating, replace the crankshaft since the heat
treatment has probably been destroyed.

Used crankshafts will sometimes show a certain
amount of ridging caused by the groove in the upper
main bearing shell or lower connecting rod bearing
shell (Fig. 3). Ridges exceeding .005 mm (.0002™)
must be removed. If the ridges are not removed,
localized high unit pressures on new bearing shells will
result during engine operation.

12778

Fig. 2 - Removing Crankshaft

fig. 3 - Typical Ridging of Crankshaft

The ridges may be removed by working crocus cloth,
wet with fuel oil, around the circumference of the
crankshaft journai. If the ridges are greater than .0127
mm (,0005"), first use 120 grit emery cloth to clean up
the ridge, then use 240 grit emery cloth for finishing
and the wet crocus cloth for polishing. Use of a piece
of rawhide or other suitable rope wrapped around the
emery cloth or crocus cloth and drawn back and forth
will minimize the possibility of an out-of-round
cendition developing (keep the strands of rawhide
apart to avoid bind). If rawhide or rope is not used,
the crankshaft should be rotated at intervals. If the
ridges are greater than .025 mm (.001"), the
crankshaft will have to be replaced.

Carefully inspect the rear end of the crankshaft in the
area of the oll seal contact surface for evidence of a
rough or grooved cendition. Any imperfections of the
oil seal contact surface on the sleeve will result in oil
leakage at this point.

Check the crankshaft thrust surfaces (at No. 4 main
bearing) for excessive wear or grooving. If only
slightly worn, the surfaces may be dressed with a
stone. Otherwise it will be necessary to replace the
crankshaft.

Check the crankshaft and camshaft gears for worn or
chipped teeth. Replace the gears, if necessary.

Crankshaft Measurements

Support the crankshaft on its front and rear journals
on V-blocks or in a lathe and check the alignment at
the adjacent intermediate main journals with a dial
indicator.

Measure all of the main and connecting rod bearing
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journals. Measure the journals at several places on the
circumference 50 that taper, out-of-round and bearing
clearances can be determined. If the crankshaft is
worn so that the maximum connecting rod journal-to-
bearing shell clearance (with new shells) exceeds .127
mm (.005") or the main bearing journal-to-bearing
shell clearance (with new shells) exceeds .142 mm
(0056 "), the crankshaft must be replaced.

Measurements of the crankshaft should be accurate to
the nearest .005! mm (.0002"). Also, if the journal
taper or out-of-round is greater than .076 mm (.003"),
the crankshaft must be replaced.

Inspection for Cracks

Carefully check the crankshaft for cracks which start
at an o1l hole and follow the journal surface at an
angle of 457t the axis. Any crankshaft with such
cracks must be rejected. Several methods of determin-
ing the presence of minute cracks not visible to the eye
are outlined below.

Magnetic Particle Methed: The part is magnetized
and then covered with a fine magnetic powder or
solution. Flaws, such as cracks, form a small local
magnet which causes the magnetic particles in the
powder or solution to gather there, effectively marking
the crack. The crankshaft must be de-magnetized after
the test.

Fluorescent Magnetic Particle Method: This method is
similar to the magnetic particie method, but is more
sensitive since it employes magnetic particles which
are fluorescent and glow under “black light™. Very fine
cracks that may be missed under the first method,
especially on discolored or dark surfaces, will be
disclosed under the black light.

Fluorescent Penetrant Method: This is a method which
may be used on non-magnetic materials such as
stainless steel, aluminum and plastics. A highly
fivorescent liquid penetrant is applied to the part.
Then the excess penetrant is wiped off and the part is
dried. A developing powder is then applied which
helps to draw the penetrant out of the fiaws by
cl:api}lary action. Inspection is carried out under “black
ight”.

A majority of indications revealed by the above
inspection methods are normal and harmless and only
in a small percentage of cases is reliability of the part
impared when indications are found. Since inspection
reveals the harmless indications with the same
intensity as the harmful ones, detection of the
indications is but a first step in the procedure.
Interpretation of the indications is the most important
step.

Crankshaft failures are rare and when one cracks or
breaks completely, it is very important to make a
thorough inspection for contributory factors. Unless
abnormal conditions are discovered and corrected,
there will be a repetition of the failure.

There are two types of loads imposed on a crankshaft
in service, a bending force and a twisting force. The
design of the shaft is such that these forces produce
very low no stress over most of the surface. Certain
small arcas, designated as critical areas, sustain most
of the load.

Bending fatigue failures result from bending of the
crankshaft which takes place once per revolution. The
crankshaft is supported between each of the cylinders
by a main bearing and the load imposed by the gas
pressure on top of the piston is divided between the
adjacent bearings. An abnormal bending stress in the
crankshaft, particularly in the crank fillet, may be a
result of misalignment of the main bearing bores,
improperly fitted bearings, bearing failures, a loose or
broken bearing cap, or unbalanced crankshaft pulleys.
Also, drive belts which are too tight may impose a
bending load upon the crankshaft.

Failures resulting from bending start at the pin fillel
and progress throughout the crank cheek, sometimes
extending into the journal fillet. If main bearings are
replaced due 1o one or more badly damaged bearings,
a careful inspection must be made to determine if any
cracks have started in the crankshaft. These cracks are
most likely to occur on ecither side of the damaged
bearing.

Torsional fatigue failures result from torsional
vibration which takes place at high frequency and can

Fig. 4 - Checking Crankshaft End Thrust
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be caused by a damaged vibration damper or an
unbalanced load. A combination of abnormal speed
and load conditions may cause the twisting forces to
set up a vibration, which imposes high stress.

Torsional stresses may produce a {racture in either the
connecting rod journal or the crank cheek. Connecting
rod journal failures are usually at the fillet at 45°to0
the axis of the shaft.

As previously mentioned, most of the indications
found during inspection of the crankshaft are
harmiess. The two types of indications to look for are
circumferential fillet cracks at the critical areas and
45 °cracks (45 °with the axis of the shaft) starting from
cither the critical fillet locations or the connecting rod
journal holes. Replace the crankshaft when cracks of
this nature are found.

Install Crankshaft

If a new crankshaft is to be installed, stcam clean it to
remove the rust preventive and blow out oil passages
with compressed air. Then install the crankshaft as
follows:

1. Assemble the crankshaft gear on the front of the
crankshaft,

2. Refer to Section 1.3.4 for main bearing details and
install the upper grooved bearing shells in the block.
The number 4 main saddlie bearing also serves as the
thrust bearing. If the old bearing shells are to be used
again, install them in the same locations from which
they were removed.

NOTE: When a new crankshaft is installed ALL
new main and connecting rod (upper and
lower) bearing shells must also be installed.

3. Apply clean engine oil to all crankshaft journals and
install the crankshaft in place so that the timing marks
on the crankshaft gear and the camshaft gear match.
Refer to Section 1.7.1 for the correct method of
timing the gear train.

4. Install the lower bearing shells {no oil grooves) in
the bearing caps. If the old bearing shells are to be
used again, install them in the same bearings caps
from which they were removed.

NOTE: Whenever a new cylinder block,
crankshaft, camshaft or timing gear is instailed,
any previously determined injector timing
heights are no longer valid. New base circle
timing heights must be established by precision
timing the engine. :

3. Install the majn bearing caps and lower bearing
shells as outlined under INSTALL MAIN BEARING
SHELLS in Section 1.34.

NOTE: If the bearings have been installed
properly, the crankshaft will turn freely with all
of the main bearing cap bolts drawn to the
specified torque.

6. Check the crankshaf: end play by moving the
crankshaft toward the gage (Fig. 4) with a pry bar.
Keep a constant pressure on the pry bar and set the
dial indicator to zero. Then remove and inseri the pry
bar on the other side of the bearing cap. Force the
crankshaft in the opposite direction and note the
amount of end play on the dial. The end play should
be .19 mm to .38 mm (007" to .015") with new parts.
Insufficient end play can be the result of a burr or dirt
on the inner face of the thrust bearing.

7. Check the gear backlash with the mating gear. The
backlash should be 0.0762-0.1778 mm (0.003-0.007")
with new gears or 0.2286 mm (0.009") maximum with
used gears.

8. Install the pistons and connecting rod assemblies
{Section 1.6.3).

9. Install the cylinder heads (refer to Section 1.2).

10. Install the flywhee! housing (Section 1.5), then
install the flywheel (Section 1.4).

I1. Install the front end cover.
I2. Instail the front engine support.
13, Install the crankshaft pulley.

14. Install the water pump asserﬁbly on the upper front
COVer.

15. Install the oil pump inlet pipe and screen assembly.

16. Affix new gaskets to the oil pan flange and instail
the oil pan (Section 4.7).

17. Attach the lifting device to the lifting brackets and
remove the engine from the overhaul stand.

18. Install all of the accessories that were removed.

19. After the engine has been completely reassembled,
refer to the Lubrication Oil Specifications in
Section 13.3 and refill the crankcase to proper level on
the dipstick.

20. Close any coolant drains. Install new drain plugs in
both banks of the block, remount the engine and fill
the cooling system.

Page 4
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1.3.2

CRANKSHAFT OIL SEALS

An oil seal is used at each end of the engine to retain
the lubricating oil in the crankcase. The front
crankshafi seal is a single lip seal and is pressed into
the front cover. The seal is held firmly against the hub
of the crankshaft pulley.

The rear crankshaft seal is a single lip seal and is
pressed into the flywheel housing. The seal is held
firmly against the rear sealing surface of the
crankshaft.

The oil seals are made of an cil resistant synthetic
rubber which is pre-lubricated with a special lubricant.
DO NOT REMOVE THIS LUBRICANT. Keep the
sealing lip clean and free from scratches. In addition,
a plastic coating which acts as a sealant has been
applied to the outer surface of the seal casing. Do not
remove this coating,

Oil leaks indicate worn or damaged oil seals. Oil seals
may become worn or damaged due to improper
installation, excessive main bearing clearance, exces-
sive fiywheel housing bore runout or grooved sealing
surfaces on the crankshaft or front pulley seal hub.
Prior to repair of any oil seal leaks, these conditions
must be checked and corrected.

Remove Front Crankshgft Seal

If the front cover is installed on the engine, remove
the seal as follows:

1. If the engine is in the chassis, loosen and remove all
drive belts.

2. Remove the crankshaft pulley (refer to Section 1.3.7).

3. Remove the front crankshaft seal, usng tool J 29007-A.
Discard the oil seal.

If the front cover is removed from the engine, remove
the seal as follows:

1. Support the forward face of the front cover on two
wood blocks next to the oil seal bore. Then press the oil
seal out of the front cover, using tool J 29008-B. Discard
the oil seal.

2. Clean the oil seal bore in the front cover thoroughly
before installing a new oil seal.

Inspection

Inspect the crankshaft pulley sealing surface for wear
due to the rubbing action of the oil seal, dirt buildup
or fretting caused by action of the crankshafi pulley.

The crankshaft pulley sealing surface must be clean
and smooth to prevent damage to the seal lip when a
new oil seal is installed,

If excessive wear or grooving is present, the seal
should be relocated in the front cover away from the
worn or grooved area.

Install Front Crankshaft Seal

Coat the lip of the new oil seal lightly with clean
engine oil or grease. Then position the seal in the
front cover bore with the lip of the seal pointed
toward the inner face of the cover.

If the front cover is installed on the engine, install the
seal as follows:

1. Using seal installer J 29008-B, pull the seal into the
front cover until the tool contacts the cover.

2. If an alternate seal location is selected due to wear or
grooving of the crankshaft pulley sealing surface, the seal
is to be installed using J 29008-B (instalier) and J 29008-5
(alternate location adaptor) as shown in Fig. 1.

3. Install the adaptor J 29008-5 on J 29008-B and pull
the seal into the front cover until the tool contacts the
COver.

4. Reinstall the crankshaft pulley (refer to Section 1.3.7).

5. Reinstall and tighten the drive belts following the
manufacturers recommendations.

If the front cover is removed from the engine, install the
seal as follows:

1. Place the front cover in an arbor press (inner face
down).

2. Using J 29008-B (seal installer) press the seal into the
cover until the tool contacts the cover.

3. If the alternate seal location is selected due to wear
or grooving of the crankshaft pulley sealing surface,
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Fig. 1 - Locations for Front Crankshaft Seal
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the seal is to be installed using J 29008-B and J 29008-5
(alternate adaptor) (see Fig. 1).

4. Install the adaptors J 29008-5 on J 29008-B and press

the seal into the front cover until the tool contacts the
cover.

Remove Rear Crankshaft Seal

i the flywheel housing is installed on the engine,
remove the seal as follows:

I. If the engine is in the chassis, remove the
transmission.

2. Remove the flywheel (refer to Section 1.4).

3. Using tool J 24171 (Universal Seal Remover) remove
the oil seal. Discard the oil seal.

If the fiywheel housing is removed from the engine,
remove the seal as follows:

1. Support the rear face of the flywheel housing on two
wood blocks then press or drive the o1l seal out of the
housing. Discard the oil seal.

2. Clean the oil seal bore in the flywheel housing
thoroughly before installing a new oil seal.

Inspection

Inspect the rear end of the crankshaft for wear due to
the rubbing action of the oil seal, dirt buildup or
fretting caused by action of the flywheel.

The crankshaft surface must be clean and smooth to
prevent damaging the seal lip when a new oil seal is
installed.

If excessive rear crankshaft wear or grooving is present,
install an oversize oil seal sleeve which provides a
replaceable wear surface for the lip type oil seal. An
oversize oil seal must be used with the sleeve.

To remove a worn sleeve, peen the outside diameter of

the sleeve until it stretches sufficiently so it can be
slipped off the end of the crankshaft.

Install Rear Oil Seal Sleeve
If required, install a rear oil sleeve as follows:

1. Stone the high spots from the oil seal contact
surface of the crankshaft.

2. Coat the area of the shaft where the sleeve will be
positioned with shellac or an equivalent sealant.

3. Drive the sleeve squarely on the shaft with sleeve
installer J 33426.

4. Wipe off any excess sealant.

5. Coat the outside diameter of the sleeve with engine
oil.

Install Rear Crankshaft Seal

If the flywheel is installed on the engine, install the
seal as follows:

1. Place oil seal expander J 29009-A against the end of
the crankshaft and install two suitable mounting studs.

2. Coat the lip of the oil seal lightly with clean ¢ngine
oil or grease. Do not scratch or nick the sealing edge
of the oil seal.

3. Position the seal with the lip pointed toward the
flywheel housing and slide the seal over the seal
expander onto the crankshaft.

Page 2
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Crankshaft Oil Seals 1.3.2l

4. Remove J 29009-A (seal expander) and two
mounting studs.

5. Using J 29010-A (installer) and J 3134-1 (handle)
drive the seal in until the tool bottoms against the
flywheel housing,.

6. When a rear crankshaft sleeve has been installed, it
will be necessary to install an oversize oil seal. Use
J 33873 (oversize oil seal expander), I 29010-A
(installer) and J 3154-1 (handle).

7. Reinstall the flywheel (refer to Section 1.4).
8. If the engine is in the chassis, reinstall the

transmission.

If the flywheel housing is removed from the engine,
install the seal as follows:

1. Support the inner face of the flywheel housing in an
arbor press or on a flat surface.

2. Position the seal with the lip pointed toward the
inner face of the housing.

3. Coat the lip of the oil seal lightly with clean engine
oil or grease. Do not scratch or nick the sealing edge
of the oi) seal.

4. Use installer tool J 29010-A and handle J 3154-1
and drive or press the seal until the tool bottoms
against the flywheel housing.

5. When a rear crankshaft sieeve has been installed, it
will be necessary to install an oversize oil seal. Use
J 29010-A (installer) and J 3154-1 (handle).
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1.3.4

CRANKSHAFT MAIN BEARINGS

The crankshaft main bearing shells are precision made
and are replaceable without 'machining. They consist
of an upper bearing shell seated in each cylinder block
main bearing support (Fig. 1). The number (4) main
bearing (upper) is different. It has the thrust washers
built into it. A lower bearing shell is seated in each
main bearing cap. The bearing shells are prevented
from endwise or radial movement by a tang at the
parting line at one end of each bearing shell. The
tangs on the lower bearing shelis are off-center and the
tangs on the upper bearing shells are centered to aid
correct installation.

An oil hole in the groove of each upper bearing shell,
midway between the parting lines, registers with an oil
passage in the cylinder block. Lubricating oil, under
pressure, passes from the cylinder block oil gatlery by
way of the bearing shells to the drilled passages in the
crankshaft, then to the connecting rod bearing. The
lower main bearing sheils have no oil grooves; there-
fore, the upper and lower bearing shells must not be
interchanged.

Main bearing trouble is ordinarily indicated by low or
no oil pressure. All of the main bearing load is carried
on the lower bearings; therefore, wear will occur on
the lower bearing shells first. The condition of the
lower main bearing shells may be observed by
removing the main bearing caps.

If main bearing trouble is suspected, remove the oil
pan, then remove the main bearing caps, one at a
time, as outlined below and examine the bearing
shells.

Fig. 1 - Upper Main Bearings

Remove Main Bearing Shells (Crankshaft in
Place)

The bearing caps are numbered 1, 2, 3, etc., indicating
their respective positions and, when removed, must
always be reinstalled in their original position.

Remove the main bearing shells as follows:

1. Drain and remove the oil pan to expose the main
bearing caps. .

2. Remove the oil inlet pipe and screen assembly.

3. Remove one main bearing cap at a time and inspect
the bearing shells as outlined under INSPECTION.
Reinstall each bearing shell and bearing cap before
removing another bearing cap.

To remove the upper bearing shell, insert a flattened
cotter pin or roll pin in the oil passage hole in the
crankshaft, then rotate the crankshaft in the direction
opposite to cranking rotation. The pin will contact the
upper shell and roll it out.

Inspection

Bearing failures may result from deterioration (acid
formation} or contamination of the oil or loss of oil.
An analysis of the lubricating oil may be required to
determine if corrosive acid and sulphur are present
which cause acid etching, flaking and pitting. Bearing
seizure may be due to low or no oil.

Check the oil filters and replace them if necessary.
Also check the oil by-pass valve to make sure it is
operating freely. Check the oil cooler for debris
(Section 4.4).

After removal, clean the bearings and inspect them for
scoring, pitting, flaking, etching, loss of babbit or signs
of overheating. The lower bearing shells, which carry
the load, will normally show signs of distress before
the upper bearing shells.

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

Measure the thickness of the bearing shells as shown
in Fig. 2. A tool such as J 4757, placed between the
bearing shell and a micrometer, will give an accurate
measurement.

The bearing shell thickness will be the total thickness
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BALL
ATTACHMENT

Fig. 2 - Measuring Thickness of Bearing Shell

of the steel ball in the tool and the bearing shell, less
the diameter of the ball. This is the only practical
method for measuring the bearing thickness, unless a
special micrometer is available for this purpose. The
minimum thickness of a worn standard main bearing
shell is 3.137 mm (.124") and, if any of the bearing
shells are thinner than this dimension, replace all of
the bearing shells, A new standard bearing shell has a
thickness of 3.175 mm to 3.188 mm (.125" to .1255").

In addition to the thickness measurement, check the
clearance between the main bearings and the
crankshaflt journals. This clearance may be determined
with the crankshaft in place by means of a soft plastic
measuring strip which 1s squeezed between the journal
and the bearing. With the crankshaft removed,
measure the outside diameter of the crankshaft main
bearing journals and the inside diameter of the main
bearing shells when installed in place with the proper
torque on the bearing cap bolts. When installed, the
bearing shells are 025 mm (001") larger in diameter
at the parting line than 90° from the parting line.

The bearing shells do not form a true circle when not
installed. When installed, the bearing shells have a
squeeze fit in the main bearing bore and must be tight
when the bearing cap is drawn down. This CRUSH
assures a tight, uniform contact between the bearing
shell and bearing seat. Bearing shells that do not have
sufficient crush will not have uniform seat contact, as
shown by shiny spots on the back, and must be
replaced. The main bearing clearance must not exceed
.142 mm (.0056") on al! bearings.

Before installing new replacement bearings, it is very
important to thoroughly inspect the crankshaft
journals. Very often, after prolonged engine operation,
a ridge is formed on the crankshaft journals in line
with the journal oil holes. If this ridge is not removed
before the new bearings are installed, then, during

engine opération, localized high unit pressures in the
center area of the bearing shell will cause pitting of
the bearing surface. Also, damaged bearings may
cause bending fatique and resultant cracks in the
crankshaft. Refer to Section 1.3 under Crankshaft
Inspection for removal of ridges and inspection of the
crankshaft. :

Do not replace one main bearing shell alone. If one
bearing shell requires replacement, install all new
upper and lower bearing shells. Also, iIf a new
crankshaft is to be used, install all new bearing shells.

Install Muin.ﬂeqring Shells {Crankshaft in
Place)

Make sure all of the parts are clean. Then apply clean
engine oil to each crankshaft journal and install the
upper main bearing shells by reversing the sequence
of operations given for removal.

The upper and lower main bearing shells are not
alike; the upper bearing shell is grooved and drilled
for lubrication--the lower bearing shell is not. Be sure
to install the grooved and drilled bearing shells in the
cylinder block and the plain bearing shells in the
bearing caps, otherwise the oil flow to the bearing will
be blocked off. Used bearing shells must be reinstalled
on the same journal from which they were removed.

Page 2
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NOTE: The number 4 upper main bearing only
incorporates the thrust surfaces.

1. When installing an upper main bearing shell with
the crankshaft in place, start the plain end of the bear-
ing shell around the crankshaft journal so that, when
the bearing is in place, the tang will fit into the groove
in the bearing support.

2. Install the lower bearing shell so that the tang on
the bearing sits into the groove in the bearing cap.

NOTE: The main bearing caps are bored in
position. If not stamped, stamp the main
bearing caps 1, 2, 3, etc. Start at the front of the
engine. They must be installed in their original
positions.

3. With the lower main bearing shells installed in the
bearing caps, apply a small guantity of International
Compound No. 2, or equivalent, to the bolt threads

and the bolt head contact area. Install the bearing caps
and draw the bolts up snug (Fig. 3). Then rap the caps
sharply with a soft hammer to seat them properly.
Tighten the main bearing cap bolts to 90-103 Nm (66-
76 1b-f1) (outboard boits) and 140-160 Nm (103-118 1b-
ft) torque {(inboard bolts).

NOTE: If the bearings have been installed
properly, the crankshaft will turn freely with all
of the main bearing cap boits drawn to the
specified torque.

4. Check the crankshaft end play outlined under
“Install Crankshaft” in Section 1.3.
5. Install the oil pump inlet pipe and screen assembly.

6. Install the oil pan using new gaskets. Use R.T.V.
sealer at all gasket joint connections.

7. Fill the crankcase to the proper level on the dipstick.
Refer to Lubricating Qil Specifications in Section 133,
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1.3.5

FRONT COVER

Fig. 1 Engine Front Cover

A flat steel plate, Fig. | bolted to the front end of the
cylinder block, provides support for the water pump.
The front crank oil seal is pressed into the front cover.

Inspection

When the end plate is removed, it is essential that all
of the old gasket material be removed from both
surfaces of the end plate and cylinder block. Clean the
end plate with live steam.

(

S

HORSE COLLAR SEAL

RTV
APPLIED
HERE &182

Fig. 2 - Installing Horse Coliar Oil Pan Seal

Inspect both surfaces of the end plate for nicks, dents,
scratches or score marks and check it for warpage. If
nicks or scratches on the sealing surfaces of the end
plate are too deep to be cleaned up, replace the end
plate.

Install Cover

1. Affix a new gasket to the front end of the cylinder
block, using Room Temperature Vuicanizer (RTV)
sealant or equivalant.

2. Align the dowel pin holes in the end plate with the
dowel pins in the cylinder block. Then start the end
plate over the dowel pins and push it up against the
cylinder block. Install three bolts and tighten them to
30-34 Nm (22-25 lb-ft) torque.

3. Apply Room Temperature Vulcanizer (RTV) and
install horse collar oil pan seal (Fig. 2).
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1.3.7

CRANKSHAFT PULLEY AND DAMPER ASSEMBLY

The crankshaft pulley (Fig. 1) is secured to the front
end of the crankshaft. [t is a press fit on the shaft. It is
keyed and attached by a special washer and bolt. The
hub on the pulley revolves inside of the front cover oil
seal. It serves as the sealing surface for the front
crankshaft oil seal. '

Remove Crankshaft Pulley

Remove all drive belts from the crankshaft pulley.

An excessively tight fit between the crankshaft pulley
bore and the washer may impede the removal of the
crankshaft pulley after the center bolt has been
removed.

Tool set J 29025 is designed to remove the pulley by
pressing against the crankshaft end. For the lead screw
of the puller to press against the front of the crank-
shaft, the washer must be removed.

If the washer cannot be removed, it may be necessary
to use a M20 x 2.5 x 90 mm bolt. The bolt head must
be center drilled to accept the point, of the lead screw,
of the puller.

1. Remove the crankshaft pulley retaining bolt.

2. Thread the (center drilled) bolt through the washer
into the crankshaft.

PULLEY AND
Y OAMPER ASSEMBLY

3. Auach the puller tool to the pulley and damper with
3/8"-16 bolts.

4. Press against the center drilled head of the bolt with
the iead screw of the puller. This procedure wiil putl
the pulley and washer off of the crankshaft.

6. Remove the puller tool from the crankshaft pulley.

NOTE: The special washer on the crankshaft
pulley damper assembly is designed to assist in
preventing oil leakage from the crankshaft
keyway. It is important that this washer be flat,
if it is not, oil seepage is possible. If on
inspection the washer is found to be bowed it
should be trued by machining or on a surface
block, or it should be discarded and a new
washer fitted.

Install Crankshaft Puliey

1. Apply a suitable sealer to the inside diameter of the
pulley hub and to the crankshaft key to prevent possible

" oil leakage. Coat the outside of the crankshaft pulley

hub which enters the seal with a seal lubricant.

2. Start the pulley straight on and over the key in the
end of the crankshaft. Use tool J 29025 to draw the
pulley on the erankshaft. Remove the tool.

NOTE: The crankshaft pulley and damper re-
taining bolt is especially designed for this
purpose and must not be replaced by an or-
dinary bolt.

PULLY DAMPER
ASSEMBLY

Fig. 1 - Pulley and Damper Assembly

Fig. 2 - .Crankshaft Pulley Details
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3. Place the washer on the crankshaft pulley bolt and 4. Tighten the crankshaft pulley retaining bolt 1o 334-
thread the bolt into the front end of the crankshaft. 384 Nm (246-283 Ib-ft) torque. .

5. Install and adjust the belts,
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1.4

FLYWHEEL

The flywheel is attached to the rear end of the
crankshaft with eight bolts. A misaligned hole in the
flywheel must mate with a misaligned hole in the
crankshaft and plate for proper installation. A scuff
plate is used between the flywheel and the bolt heads
to prevent the bolt heads from scoring the flywheel
surface.

A steel ring gear, which meshes with the starting
motor pinion, is shrunk onto the rim of the flywheel.

The flywheel is machined to provide true
alignment with the clutch. The clutch plate is bolted to
the flywheel with 3/8"-16 bolts.

The front side of the flywheel has four equally
spaced timing pin holes. These are locator holes for use
in timing the injectors.

Remove Flywheel (Transmission Removed) :

On marine engines, first remove the flywheel
housing adaptor cover (refer to Section 1.5).
1. Remove the flywheel attaching bolts and the scuff
plate while holding the flywheel in position by
hand, then reinstall one bolt finger tight.

NOTICE: When removing or installing the
attaching bolts, hold the flywheel firmly against
the crankshaft by hand to prevent it from slipping
off the end of the crankshaft. The flywheel is NOT
doweled to the crankshaft.

2. Use a suitable lifting tool to remove the flywheel
(Fig. 1).

Fig. 1 - Removing Flywheel

3. Attach a chain hoist to the lifting tool.

4, Remove the remaining flywheel attaching bolt.

5. Move the upper end of the lifting tool in and out
to loosen the flywheel, then withdraw the
flywheel from the crankshaft and the flywheel
housing,. ‘

Inspection .

Check the clutch contact face of the flywheel for
scoring, overheating or cracks. If scored, the flywheel
may be refaced. However, DO NOT remove more than
.50 mm (.020") of metal from the flywheel.

Replace the ring gear if the gear teeth are
excessively worn or damaged.

Check the butt end of the crankshaft and flywheel
contact surface. If necessary, lightly stone the
crankshaft end and the flywheel contact surface to
remove any fretting or brinnelling.

Make sure that the crankshaft and flywheel
contact surfaces and the bolt threads in the crankshaft
end are clean and dry, to ensure proper metal-to-metal
contact and maximum friction, before attaching the
flywheel.

NOTICE: New patch bolts must be used to mount
or remount the flywheel assembly. Also, the scuff
plate must be inspected for cracks and other
damage. Replace scuff plate if found to be
damaged.

Remove Ring Gear

1. Support the flywheel, crankshaft side down, on a
solid flat surface or a hardwood block which is
slightly smaller than the inside diameter of the
ring gear,

2. Drive the ring gear off the flywheel with a
suitable drift and hammer. Work around the
circumference of the gear to avoid binding the
gear on the flywheel. '

Install Ring Gear

1. Support the flywheel, ring gear side up, on a solid
flat surface.

2. Rest the ring gear on a flat METAL SURFACE
and heat the gear uniformly with an acetylene
torch, keeping the torch moving around the gear
to avoid hot spots.

NOTICE: Do not under any circumstances, heat
the gear over 204°C (399°F); excessive heat may
destroy the original heat treatment. Heat
indicating “crayons”, which are placed on the ring
gear and melt at a predetermined temperature,
may be obtained from most tool vendors. Use of
these “crayons™ will ensure against overheating
the gear.
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1.4 FLYWHEEL
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CAUTION: To avoid personal injury,
use lifting tools or heat resistant
gloves when placing the HEATED ring
gear on the flywheel.

Place the HEATED ring gear on the flywheel
with the larger leading 45° chamfer facing the
flywheel shoulder.

Tap the gear in place against the shoulder on the
flywheel. If the gear cannot be tapped into place
readily so that it is seated all the way around,
remove it and apply additional heat, noting the
above note.

Install Flywheel

1.

Attach the flywheel lifting tocl and, using a chain

‘hoist, position the flywheel in the flywheel
housing (use guide studs). A misaligned hole in
the flywheel must mate with the misaligned hole
in the crankshaft and scuff plate for proper
instatlation.

S

Install two used bolts through the scuiff plate 180°
from each other. Snug the bolts to hold the
flywheel and scuff plate to the crankshaft.
Remove the guide studs.

Remove the flywheel lifting tool.

Install new bolts and run them in snug.

Remove the two bolts used temporarily to retain
the flywheel. Then, install two new bolts.

Use an accurately calibrated torque wrench and
tighten the bolts to 87-100 N-m (64-74 1b-ft)
torque.

Mount a dial indicator on the flywheel housing
and check the runout of the flywheel at the clutch
contact face. The maximum allowable runout is
.025 mm (.001") total indicator reading per inch
of radius (or .001 mm per millimeter of radius).
The radius is measured from the center of the
flywheel to the outer edge of the clutch contact
face of the flywheel.

On marine engines, install the flywheel housing

adaptor cover with 11 bolts, Torque the boits to 46-53
N-m (34-39 Ib-ft).

Page 2
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The flywheel housing is a one-piece casting,
mounted against the rear of the cylinder block. It
provides a cover for the flywheel and serves as a
support for the starting motor and the transmission.
The timing pin guide hole is also located in the front
lower section of the housing.

The crankshaft rear oil seal, which is pressed into
the housing may be removed or installed without
removing the housing refer to Section 1.3.2. On
marine engines, it is necessary to remove the flywheel
housing adaptor cover.

Remove Flywheel Housing

1. Mount the engine on an overhaul stand as
outlined in Section 1.1.

2. Remove the starting motor from the flywheel
housing. On marine engines, remove the flywheel
housing adaptor cover (Fig. 1).

Fig. 1 - Marine Flywheel Housing Adaptor Cover

3. Remove the flywheel and scuff plate.

4. Remove six oil pan to flywheel housing bolts and
all of the flywheel housing to block bolts.

NOTICE: When removing the flywheel housing
boits, note the location of the various size bolts so
they may be reinstalled in their proper location.

5. To guide the flywheel housing until it clears the
end of the crankshaft, thread two suitable pilot
studs into the cylinder block.

6. Thread eyebolts into the tapped holes in the side
pads of the flywheel housing. Attach a suitable
sling to the eyebolts. Then, strike the front face
of the housing alternately on each side with a soft
hammer to loosen and work it off the dowel pins.

FLYWHEEL HOUSING

Inspection

Clean the flywheel housing and inspect it for
cracks or any other damage.

It is very important that all old sealing material
be thoroughly removed from the flywheel housing and
the block and oil pan, otherwise runout of the pilot and
face of the housing may be affected when the flywheel
housing is installed on the engine.

Remove and discard the crankshaft rear oil seal.
Install a new oil seal as outlined in Section 1.3.2.

Install Flywheel Housing

1. Coat the flywheel housing to cylinder block
sealing surface with a suitable sealant.

2. Coat the lip of the crankshaft oil seal lightly with
engine oil. Do not scratch or nick the sealing edge
of the oil seal.

3. To pilot the oil seal on the crankshaft
successfully, use oil seal expander J 2%009-A.
Thread two suitable aligning studs into the
cylinder block to guide the housing in place.

4.  With the housing suitably supported, position it
over the crankshaft and up against the cylinder
block. Remove the oil seal expander.

5. [Install all of the housing bolts in their proper
location, finger tight (Fig. 2). Remove the pilot
studs. See Fig. 3 for marine flywheel housing.

Fig. 2 - Flywheel Housing Mounting Boits

Tighten the four long outer housing to cylinder
block bolts to 46-53 N+-m (34-39 Ib-ft) torque. Tighten
all the other nine housing to block bolts (inside bell
housing) to 58-66 N-m (43-49 1b-ft) torque. Tighten
the six 0il pan to housing bolts. The marine flywheel
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1.5 FLYWHEEL HOUSING
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housing has 13 bolts (4 long, 9 short). Torque the bolts
to 46-53 N-m (34-39 lb-ft).

6. Instail the flywheel (Section 1.4).

7. Check the flywheel housing bore concentricity

and bolting flange face run-out with Tool
J 9737-C as follows:

a. Thread the adaptor J 9737-10 into one of
the tapped holes on the outer edge of the
flywheel. Thread the base post J 9737-3
into the adaptor. Then, assemble the dial
indicators on the base post (Fig. 4).

b. Position the dial indicators straight and
square with the flywheel housing bell face
and inside bore of the bell. Make sure each
indicator has adequate travel in each
direction.

¢. Tap the front end of the crankshaft with a
soft hammer or pry it toward one end of the
block to ensure end play is in one direction
only.

d. Adjust each dial indicator to read zero at
the twelve o’clock position. Then, rotate the
crankshaft one full- revolution, taking

6409 Fig. 3 - Marine Flywheel Housing Without Adaptor
Cover

Fig. 4 - Checking Housing Concentricity

readings at 45° intervals (8 readings each for
the bore and the bolting flange face). Stop
and remove the wrench or cranking bar
before recording each reading to ensure
accuracy. The maximum total indicator
reading must not exceed .33 mm (.013") for
either the bore or the face,

e. If the runout exceeds the maximum limits,
remove the flywheel housing and check for
dirt or foreign material between the
flywheel housing and the cylinder block or
oil pan. -

f. Reinstall the flywheel housing (Fig. 2) and
the flywheel and tighten the attaching bolts
to the specified torque. Then, recheck the
runout. If necessary, replace the flywheel
housing.

g. On marine engines, install the flywheel
housing adaptor cover. Torque the bolts to
46-53 N-m (34-39 Ib-ft). Install the starting
motor {Section 7.3).

Remove the engine from the overhaul stand and
complete assembly of the engine.

Page 2
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1.6

PISTON AND PISTON RINGS

The piston is plated with a protective coating of tin
which permits close fitting, reduces scuffing and
prolongs piston life. The top of the piston forms the
combustion chamber bowl and is designed to
compress, the air into close proximity, to the fuel spray
(Fig. 1).

Each piston is internally braced and scientifically
designed to draw heat rapidly from the piston crown
and transfer it to the lubricating oil. Each piston is
balanced to close limits.

The piston pin rides in the machined pin holes in the
piston. The piston pin is held in position by a retainer
ring at each end.

Each piston is fitted with compression rings and oil
control rings.

Inspect Piston Rings

When an engine is hard to start, runs rough or lacks
power, worn or sticking compression rings may be the
cause. Replacing the rings will aid in restoring engine
operation to normal.

If the rings are free and are not worn to the extent
that the plating or grooves are gone, compression
should be within operating specifications.

Remove Piston and Connecting Rod
1. Drain the cooling system.

2. Drain the oil and remove the oil pan and inlet pipe
assembly.

3. Remove the cylinder head(s).

MNOTE: Stamp the cylinder number on the
machined surfaces of the bolt bosses of the
connecting rod and cap for identification when
reinstalling. If the pistons are to be removed
from the connecting rod, mark cylinder number
on piston with a silver pencil or quick drying
paint for proper cylinder identification and cap
for rod location. The right bank is numbered
2-4-6-8, left bank 1-3-5-7.

4. Examine the cylinder bore above ring travel. If a
ridge exists, remove the ridge with a ridge reamer
J 24270 before attempting to remove the piston and
rod assembly.

5. Remove rod bearing bolt, cap and bearing.

6. Remove the rod and piston assembly through the
top of the cylinder bore,

7. Reassemble the bearing cap and lower bearing shell
to the connecting rod.

Fig. 1 - Piston and Rod Assembly
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8. Remove the other rod and piston assemblies in the
same manner.

Disassemble Piston and Connecting Rﬁd

Note the condition of the piston and rings. Then
remove the rings and connecting rod from the pision
as follows:

1. Secure the connecting rod in a vise equipped with
soft jaws and remove the piston rings with tool J 8128.

2. Use suitable tru-arc snap ring pliers and remove the
snap ring retaining the piston pin.

3. Remove the piston pin and lift the piston from the
connecting rod. Remove the other retaining snap ring.

Clean Piston

Clean the piston components with fuel oil and dry
them with compressed air. If necessary, clean the
pistons by scraping carbon off the top of the piston.
Deposits in the ring grooves should be removed with a
suitable ring groove cleaning tool or a piece of an old
compression ring that has been ground to a bevel
edge.

Inspection

Excessively worn or scored pistons, rings or cylinder
walls may be an indication of abnormal maintenance
or operating conditions which should be corrected to
avoid recurrence of the failure. The use of the correct
type and proper maintenance of the lubricating oil
filters and air cleaners will reduce to a minimum the
amount of abrasive dust and foreign material
introduced into the cylinders and will reduce the rate
of wear.

Long periods of operation at idle speed and the use of
improper lubricating oil or fuel must be avoided,
otherwise a heavy formation of carbon may result and
cause the rings to stick.

Keep the lubricating oil and engine coolant at the
proper levels to prevent overheating of the engine.
Refer to Section 13.3.

Examine the piston for score marks, cracks, damaged
ring groove lands or indications of overheating. A
piston with light score marks which may be cleaned up
may be reused. Any piston that has been severely
scored or overheated must be replaced.

Replace the piston if cracks are found across the
internal struts.

COMPRESSION
RINGS
e
BEVELED r,n”‘g

ON TOP
OIL RING

PISTON
PIN

g O

CONNECTING
ROD

UPPER
BEARING

LOWER
BEARING

BEARING
CAP L-5%11

Fig. 2 - Piston Details and Relative Location of
Parts

Check the cylinder bores for excessive out-of-round
taper or high spots which could cause failure of the
piston.

Other factors that may contribute to piston failure
include dribbling injectors, combustion blow-by and
low oil pressure (dilution of the lubricating oil).

Check Bore

Cylinder bore size can be measured with a cylinder
bore dial indicator gage J 5347-0l. Maximum
allowable taper of the cylinder bore .03 mm (001").
The most wear will occur at the 1op of the ring travel.

Reconditioned cylinder bores should be held 1o not
more than .0025 mm (.001") out-of-round and .0025
mm (.001”) taper.

If the cylinder bores are smooth, the cylinder walls

Page 2
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Piston and Piston Rings 1.6

TURBOCHARGED
PISTON
KEYSTONE RING  y—————— =

COMPRESSION RING
BEVELED 1.D.
FIP MARK ON TO?P

QIL RING ASSEMBLY

NATURALLY ASPIRATED
PISTOMN
RECTANGULAR RING  (~===== =

COMPRESSION RING
BEVELED I.D.
PIP MARK ON TOP g5

OIL RING ASSEMBLY

STAGGER RING AND EXPANDER
GAPS AT RIGHT AMGLES ON
PISTON AS SHOWN BELOW.

TOP YIEW
TGP RING GAP

p=LaN,

EXPAMNDER 0 “ OIL RING
GAP & 0 GAP

== o1z

SECOND RING GAP

Fig. 3 - Installing Rings on Piston

should not be deglazed. If the cylinder walls are
scored, the walls may have w be honed before
installing new rings. It is important that reconditioned
cylinder bores be thoroughly washed with a soap and
water solution to remove all traces of abrasive material

MEASURE RING GAP CLEARANCE
WITH RING POSITIONED AT L-6000 -
BOTTOM RING TRAVEL AS SHOWN

Fig. 4 - Measuring Piston Ring Gap

to ¢liminate premature wear. Then coat the cylinder
walls with oil.

Fitting and Installing Piston Rings

The pistons have three rings (two compression rings
and one oil ring - Figs. 2 and 3). The top compression
ring used in turbocharged engines has a keystone fire
ring. The top ring used in the NA engines is a
rectangular ring. The second compression ring used in
NA and turbocharged engines is also a rectangular
ring, identified by a bevel on the top ID surface. This
second ring may or may not have the face chrome
flashed. It must be installed with the pip mark and the
inside beveled edge toward the top of the engine.

INSERT FEELER GAGE AT
TOP OF RING GROOVE TO
MEASURE RING SIDE CLEARANCE

COMPRESSION

RING L-5971

Fig. 5 - Measuring Piston Ring Side Ciearance
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When installing new rings; check the side clearance
and gap using feeler gage J 9708-01 as follows:

1. Measure each ring and rail gap with the ring or rail
positioned squarely and at the bottom of the ring
travel area of the cylinder bore (Fig. 4).

2. The end gap measurement is .25-.66 mm (.010-.026")
for the compression rings.

3. The end gap measurement is .25-.66 mm (.010-.026")
for the oil rings.

4. Each compression ring must be checked for side
clearance in its respective groove by inserting the
feeler gage between the ring and its upper land
(Fig. 5). The piston grooves must be cleaned before
checking ring for side clearance.

5. The top compression ring (keystone ring on
turbocharged engine) side clearance is .06-.14 mm
(:0027-.0055"). The lower ring side clearance is .05-.09
mm {.002-.0035").

6. To check the oil ring side clearance, install the oil
rings on the piston (Fig. 3). The oil scraper ring side
clearance is .05-.08 mm (.002-.0033").

7. Install the compression rings on the piston (Fig. 3).

Install Rod and Piston

1. With the ring gaps staggered (Fig. 3), apply engine
oil to the rings and piston, Then install the piston ring
compressing tool J 29614 on the piston.

2. Install each piston and rod in its respective cylinder
bore so the valve depression in top of the piston is
toward the outboard side of the cylinder block.

3. Lubricate the crankshaft journal with engine oil and
install the connecting rod bearing, and cap, with the
bearing index tang in the rod and cap on the same
side.

Page 4
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1.6.1

CONNECTING ROD

Each connecting rod is forged to an “I” section with a
closed hub at the upper end and a bearing cap at the
lower end (Fig. 1}. A piston pin bushing is pressed
into the connecting rod at the upper end. A hole in the
upper end of the rod registers with a hole in the
bushing. Through this hole, splash oil lubricates the
piston pin.

The replaceable connecting rod bearing shelis are
covered in Section 1.6.2.

Disassembie Connecting Rod from Piston

With the rod and piston assembly removed from the
engine, disassemble the piston and connecting rod as
outlined in Section 1.6.

Inspection

Clean the connecting rod and piston pin with fuel oil
and dry them with compressed air. Blow compressed
air through the oil hole in the upper rod and bushing.

Visually check the connecting rod for twist or bending.
Check for cracks (Fig. 2) by the magnetic particle
method outlined in Section 1.3 under Crankshaft

Inspection.
COMPRESSION
@ y RINGS
BEVELED I,D_Q
ON TOP
OIL RING
PISTON
PIN
RETAINER
PISTON
CONNECTING
ROD
UPPER
BEARING
LOWER
BEARING
/ /BOLT
BEARING
CAP L5911

Fig. 1 - Connecting Rod and Piston Assembly

If a new service connecting rod is required, stamp the
cylinder number on the connecting rod and cap on the
balance weight side.

NCTE: Clean the rust preventive from a service
replacement connecting rod. Be sure the oil hole
at the top of the rod is not clogged. Also make
sure the split line (cap to rod) is thoroughly
cleaned to avoid trapped contaminants from
adversely affecting bearing shell “crush™.

Check the connecting rod bushing for indications of
scoring, overheating or other damage. Bushings that
have overheated may become loose and creep, leading
to early bearing failure.

Inspect the piston pin for signs of fretting. When
reusing a piston pin, the highly polished and lapped
surface of the pin must not in any way be refinished.
Polishing or refinishing the piston pin is not
recommended as it could result in very rapid bushing
wear.

Free movement of the piston pin is desired to secure
perfect alignment and uniform wear. Therefore, the
piston pin is assembled with a full fioating fit in the
connecting rod bushing and the piston with relatively
small clearances. Replace piston and piston pin when
clearance between them exceeds .07 mm (.0027").
Replace connecting rod and pin when clearance
between them exceeds .098 mm (.0038").

Assemble Connecting Rod to Piston

Refer to Fig. | and assemble the connecting rod to the
piston as follows:

1. Place the connecting rod with the small end up in a
vise equipped with soft jaws.

2. Install one piston pin retainer in the retainer groove
of the piston.

3. Apply clean engine oil to the piston pin.

NOTE: Balance weight on connecting rod must
be on the same side as the valve depressions in
the piston crown.

Align the pin holes in the connecting rod and piston
and insert the piston pin,

4. Install the second retainer in the piston groove.
Rotate both. retainers to be sure they are seated
properly in the retainer groove.
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00 NOT USE OR ATTEMPT TO SALYAGE .

RODS WITH INDICATIONS OVER .005 DEEP
EXTENDING OVER EDGES OF “H" SECTION
ON BOTH SIDES OF FLANGE. SHADED AREAS
ARE MOST HIGHLY STRESSED.

1
!
)
[}
[
’
]
i

\
N
A

SECTION A-A

e

SECTION 8B

/
+

FORGING LAP, HEAT TREAT CRACK, OR
START OF A FATIGUE CRACK,

\S
")
)
\ EXAMPLE OF A TRANSVERSE INDICATION
THAT DOES NOT FOLLOW LONGITUDINAL
r—'-LD FORGING FLOW LINES CAN BE EITHER A
—

NON-CRITICAL
CRITICAL AREA
bt NON-CRITICAL AREA ACCEPTABLE LImITS . AREA
INDICATIONS IN NON-CRITICAL AREAS TRANSYERSE INDICATIONS (ACROSS FLOW LINES), GRINDING NOTES
ARE ACCEPTABLE UNLESS THEY CAM HAYIMG A MAXIMUM LENGTH OF 1/2, WHICH CAN CARE SHOULD BE TANEN 1N GRINDING OUT IN-
BE OBSERVED AS OBVIOUS CRACKS BE REMOVED BY GRINDING NO DEEPER THAN 1/64 DICATIONS TC) ASSURE PROPER BLENDING OF
WITHOUT MAGNETIC INSPECTION ARE ACCEPTABLE AFTER THEIR COMPLETE RE- GROUND AREA INTO UNDERGROUND SURFACE 5O
MOVAL AN EXCEPTION TO THIS 15 A ROD HAYING AS TO FORM A SMOCTH CONTOUR.
AN IDICATION WHICH EXTENDS OVER THE EDGE
OF “H" SECTION AND IS PRESENT ON BOTH SIDES
QF THE FLANGE, IN THIS CASE MAXUAUM ALOW- . L4035
ABLE DEPTH IS .005 (SEE SECTION A.A) POOR PRACTICE GOOD PRACTICE
Fig. 2 - Magnetic Particle Inspection Limits for Connecting Rod
5. After the piston pin retainers have been installed, bearing cap. Lubricate the bearing shell with clean

check for piston pin end clearance by cocking the engine oil.
connecting rod and shifting the pin in its bushing. The

pin must also be free to rotate. 12. Install the bearing cap and the bearing shell on the

6. Install the piston rings on the piston as outlined in
Section 1.6.

7. Rotate the crankshaft until the connecting rod
journal of the particular cylinder being worked on is
at the bottom of its travel. Wipe the journal clean and
lubricate it with clean engine oil.

8. Install the upper bearing shell in the connecting rod.
Lubricate the bearing shell with clean engine oil.

9. Position the piston and rod assembly in line with
the block bore (with piston loading tool on piston).
Install the piston assembly with the vaive depressions
on the outboard side of cylinder block.

10. Push or pull the piston into the cylinder bore until
the upper bearing shell i1s firmly seated on the
crankshaft journal.

1. Place the lower bearing shell with the tang on the Fig. 3 - Torquing Connecting Rod Cap Bolts
bearing shell in the notch in the connecting rod
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Connecting Rod 1.6.1

Fig. 4 - Measuring Connecting Rod Side
Clearance

connecting rod with the identification numbers on the
cap and the rod adjacent to each other.

13. Thread the connecting rod cap bolts in the rod.
Tighten the bolts to 80-95 Nm (59-70 1b-ft) torque
Fig. 3.

14. Measure the connecting rod side clearance Fig. 4.
The clearance should be .20 - .52 mm (.008'" to .020'")
between the connecting rods.

15. Install the remaining piston and rod assemblies in
the sare manner.

16, Install a new compression gasket as outlined in
Section !.2. Then install the cylinder head and any
other parts which were removed from the engine.

[7. After the engine has been completely reassembled,
refer to the Lubricating Oil Specifications in Sec-
tion 13.3 and refili the crankcase to the proper level
on the dipstick.

18. Install new water drain pipe plugs.

19. If the engine was removed, reinstall it into the
chasis and fill the cooling system
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1.6.2

CONNECTING ROD BEARINGS

The connecting rod bearing shells (Fig. 1) are
precision made and replaceable.

They consist of an upper bearing shell seated in the
connecting rod. The lower bearing shell is seated in
the connecting rod cap. The bearing shells are
prevented from endwise or radial movement by a tang
at the parting line at one end of each bearing shell,

Remove Bearing Shells

The connecting rod bearing caps are stamped 1, 2, 3
eic., with matching numbers stamped on the
connecting rods. If they are not stamped turn the
engine so the connecting rod journal is at the bottom.
Stamp the cylinder numbers on the machined surfaces
of the connecting rod and cap for indentification when
reinstalling, then remove caps. When removed, each

bearing cap and the bearing shells must always be:

reinstalled on the original connecting rod.
NOTE: Stamp a new rod and cap on the same
side before disassembly to be sure reassembly is
in the same relationship.

Remove the connecting rod bearings as follows:

1. Drain the cil and remove the cil pan.

2. Remove the oil inlet pipe and screen assembly.

3. Remove one connecting rod bearing cap. Push the

connecting rod and piston assembly up into the
cylinder bore far enough to permit remocval of the

CONNECTING
ROD

UPPER
BEARING

LOWER
BEARING

BOLT

BEARING L
CAP

Fig. 1 - Connecting Rod and Bearing Shells

upper bearing shell. Do not pound on the edge of the.
bearing shell with a sharp tool.

4, Inspect the upper and lower bearing shells as
outlined under INSPECTION.

5. Install the bearing shells and bearing cap before
another connecting rod bearing cap is removed.

Inspection

Bearing failures may result from deterioration (acid
formation) or contamination of the oil or loss of oil.
An analysis of the lubricating oil may be required to
determine il corrosive acid and sulphur are present
which cause acid etching, flaking and pitting: Bearing
seizure may be due 1o low oil or no oil.

After removal, clean the bearings and inspect them for
scoring, pitting, flaking, etching or signs of overheat-
ing. If any of these defects are present, the bearings
must be discarded. The upper bearing shells, which
carry the load, will normally show signs of distress
befare the lower bearing shells do.

Inspect the backs of the bearing shells for bright spots
which indicate they have been shifting in their
supports. If such spots are present, discard the bearing
shells. Also inspect the connecting rod bearing bore
for burrs, foreign particles, etc.

Measure the thickness of the bearing shells, using a
micromeier and ball attachment J 4757, as described
under INSPECTION in Section 1.3.4. The minimum
thickness of a worn standard connecting rod bearing
shell should not be less than 2.370 mm (.0933") and, if
either bearing shell is thinner than this dimension,
replace both bearing shells. A new standard bearing
shell has a thickness of 2.413-2.416 mm (.0950"-.0955).

In addition to the thickness measurement, check the
clearance between the connecting rod bearing shells
and the crankshaft journal. This clearance may be
checked by means of a soft plastic measuring strip
which is squeezed between the journal and the
bearing. The maximum connecting rod bearing-to-
journal clearance with used parts is .150 mm (.006").

Before installing the bearings, inspect the crankshaft
journals (refer to INSPECTION in Section 1.3).

Do not replace one connecting rod bearing shell alone.
If one bearing shell requires replacement, install both
new upper and lower bearing shells. Also, if a new
crankshaft is to be used, install all new bearing shelis.
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Install Connecting Rod Beoring Shells

With the crankshaft and the piston and connecting rod
assembly in place, install the connecting rod bearing
as follows:

I. Rotate the crankshaft until the connecting rod
journal is at the bottom of its travel, then wipe the
Jjournal clean and lubricate it with clean engine oil.

2. Install the upper bearing shell. Be sure the tang on
the bearing shell fits in the groove in the connecting
rod.

3. Pull the piston and rod assembly down until the
upper rod bearing seats firmly on the crankshaft
Journal.

4. Note the numbers stamped on the connecting rod
and the bearing cap and install the lower shell in the
bearing cap, with the tang on the bearing shell in the
groove in the bearing cap.

5. Install the bearing and cap and tighten the bolts to
80-95 Nm (59-70 Ib-ft) torque.

6. Install the lubricating oil pump inlet tube screen and
bracket assembly.

7. Install the oil pan, using new gaskets.
& Refer to the LUBRICATING OIL SPECIFICA-

TIONS in Section 13.3 and fill the crankcase to the
proper level on the dipstick.
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1.7.1

GEAR TRAIN AND TIMING

< — T
GOVERNOR Orive @
GEAR M

CRANKSHAFT k
GEAR

Fig. 1 - Engine Gear Train and Timing Marks
Shown

A gear train located at the front of the engine is
completely enclosed between the cylinder block and
the front end plate.

The gear train consists of a crankshaft gear, camshaft
gear, oil pump gear and governor gear.

The crankshaft gear is pressed and keyed on the front
end of the crankshaft. The camshaft gear is attached
to the front end of the camshaft with three bolts. The
rotor type oil pump with integral gear fits into a recess
in the front of the cylinder block. The crankshaft gear
drives the camshaft gear. The camshaft gear drives the
oil pump and governor drive gears.

Triangle timing marks are stamped on the face of the
crankshaft and camshaft gears to facilitate correct
gear timing. The gears are positioned so that the
triangle timing marks are adjacent to each other
(Fig. 1). There are no timing marks on the oil pump
or governor drive gears. Therefore, it is not necessary
1o align these gears in any particular position when
meshing the crankshaft and camshaft gears.

NOTE: Whenever a new cylinder block, crank-
shaft, camshaft or timing gear is installed, any
previously determined injector timing heights are
no longer valid. New base circle timing heights
must be established by precision timing the engine
(refer to Section 14.2.1).

Check the governor gear and oil pump gear backlash
with the mating gear. The backlash should be 0.0762 -
0.152 mm (0.003-0.006") with new gears or 0.2286 mm
{0.009") maximum with used gears. Check the
crankshaft gear with the mating gear. The backlash
should be 0.0762-0.1778 mm (0.003-0.007") with new
gears or 0.2286 mm (0.009" maximum with used gears.

Lubrication

The gear train is lubricated by splash and the overflow
of oil spilling into the gear train compartment.

© 1984 General Motors Corp.
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ISEC. 1.7.2

CAMSHAFT AND CAMSHAFT BEARINGS

The camshaft is of the forged steel design with 24
lobes (Fig. 1). It is doweled at the front for mounting
of the camshaft gear. Also, three tapped holes are
provided for attaching the camshaft gear. A
turbocharged engine has a different camshaft.

Fig. 1 - Engine Camshaft

Camshafts used in a naturally aspirated engine
can be identified by an “N” being stamped or etched
on the gear flange end of the camshaft. Camshafts used
in turbocharged engines are identified by a “T”.

The shaft is supported by bearings (bushing-type)
that are pressed into bores in the cylinder block. Two
end bearings (front and rear), two intermediate
bearings and a center bearing are used to support the
camshaft.

The five camshaft bearings are lubricated from
passages intersecting the main bearing oil passage.

Remove Camshaft

Whenever an engine is being completely
reconditioned or the bearings, thrust washer or the
gear needs replacing, remove the shaft from the engine
in the following manner:

1. Drain the engine cooling system.

2. Remove all accessories and assemblies with their
attaching parts as necessary to permit the engine
to be mounted on an overhaul stand.

3. Mount the engine on an overhaul stand. Be sure
the engine is securely mounted on the stand
before releasing the lifting sling.

4. Remove the air cleaner and adaptor.

3. Remove the turbocharger (if wused) and
connecting pipes.

6. Remove the air intake manifolds from both
cylinder heads.

7. Disconnect the governor control linkage and fuel
lines at the pump.

8. Remove the governor mounting bolts and lift the
governor assembly off of the front cover.

9. Remove the bolts at the valley cover stiffeners,
and lift the valley cover from the cylinder block.

10. Remove the rocker covers, rocker arms and push
rods.

11. Remove the cam follower guide bolts and remove
the guides and cam followers.

12, At the front of the engine remove the water
pump, crankshaft pulley and engine mount.

13. Take out the remaining front cover bolts. With'
the oil pan bolts loose lift the cover from the
dowel pins in the cylinder block. Discard the
cover to block gasket. Clean off any gasket
material from the end plate or cylinder block.

14. Remove three camshaft gear mounting bolts. Lift
the gear off the dowel pin in the end of camshaft.

15. Remove the thrust washer attached to the block
with two bolts.

16. Carefully withdraw the camshaft from the bore
$0 as not to damage the cam bearings in the bore.

Inspect Camshaft

Wash the camshaft in clean fuel oil. Inspect the
cams and journals for wear or scoring. If the cams are
scored, inspect the cam rollers.

Refer to Shop Notes in Section 1.0 for measuring
camshaft straightness.

Examine the bearing faces of the thrust washer.
If the face is scored or if the thrust washer is worn
excessively, replace the washer. '

Also, examine the surfaces which the thrust
washer contacts, if these surfaces are scratched but not
severely scored, smooth them down with an oil stone.
If the score marks are too deep to be removed, or if
parts are badly worn, use new parts.

Inspect Camshaft Bearings

Inspect the camshaft bearings. If a bearing is
scored, all camshaft bearings must be replaced.

Install the main bearing caps. Tighten the outer
main bearing cap bolts to 90-103 N-m (66-76 1b-ft) and
the inner main bearing cap bolts to 140-160 N-m
(103-118 ib-ft).

Measure and record (see Chart) the inside
diameter of the camshaft bearings.

The inside diameter of a new camshaft bearing
should be 65.19-65.22 mm (2.5665-2.5677"). The
maximum worn limit is 65.32 mm (2.5717"). If the
camshaft bearing inside diameter exceeds the
maximum worn limit, all camshaft bearings must be
replaced.

When the camshaft bearings have been measured
and the dimensions noted, measure the camshaft
journals, The journal diameters of a new camshaft
should be 65.12-65.14 mm (2.5638-2.5646"). The
maximum worn limit is 65.07 mm (2.56187).

Subtracting the camshaft journal dimensions
from the camshaft bearing dimensions will give you the
running clearance. The maximum running clearance
permitted is 0.127 mm (0.005"). Should the running
clearance exceed the specification, all camshaft
bearings must be replaced.

The camshaft bearings are line bored in the
cylinder block and are, therefore, in logitudinal
alignment.

© 1985 General Motors Corp.
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SEC. 1.2.2 CAMSHAFT AND CAMSHAFT BEARINGS

DETROIT DIESEL 8.2L

NOTE: SPUT
LINE UP
- - B
1 2
t 1
ENGINE FRONT EMNGINE REAR
A
BEARING NO. LOC. POS. A | POS. B
FRONT 1
NO. 1 2
1
NO. 2 2
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NO. 3 2
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REAR 1
NO. 5 2 L-6267

If a camshaft bearing is more than 0.05 mm (0.
002") out of alignment, all camshaft bearings must be
replaced.

If on inspection, it is noted that a bearing has
spun in the bore and the cylinder block has blued, the
block must be replaced. If blueing has not occurred,
oversize outside diameter camshaft bearings can be
installed.

Camshaft Bearing Removal

The procedure for restoring the inside diameter
of the camshaft bearings to original specifications using
a horizontal milling machine, s as follows:

1. Remove the damaged or worn camshaft bearings

using J 29141-3  Driver and J 29141-1

Remover/Installer and a lead hammer (Fig. 2).

2. Using a dial bore indicator, measure the inside
diameter of the cylinder block camshaft bore. It
should be 69.12-69.15 mm (2.7213-2.7224"). If
the readings taken are outside of these
dimensions, oversize bearings must be installed.

3. If the bore is within specifications, instail new
camshaft bearings using J 29141-3 Driver,
J 29141-1 Remover/Installer, J 29141-4 End
Bearing Installer and J 29141-2 Pilot.

Camshaft Bearing Installation

The three center bearings (bearings 2, 3 and 4)
and the front bearing (bearing 1) should be installed
from the front of the cylinder block. The rear bearing
(bearing 5) is installed from the rear of the block. The
calibrated marks on Driver J 29141-3, when aligned
with the top surface of Pilot J 29141-2, indicate the
correct bearing location in the block (Fig. 3).

Fig. 3 - Installing Nas. 2, 3 and 4 Bearings

1. Place tool J 29141-3 Driver, J 29141-1
Remover/Installer and J 29141-2 Pilot into the
camshatt bore, ensuring that the Pilot is properly
seated in the front bearing location.

2. Place the new camshaft bearing into the No. 4
bearing location, ensuring that the bearing split
line is at the top of the bore and the oil hole in the
bearing is aligned with the oil supply hole in the
camshaft bore.

3. Using a lead hammer, drive the bearing into the
block until the calibrated mark on the Driver is
flush with the top of the Pilot (Fig. 3).

4. Repeat the procedures in Steps 2 and 3 for
bearings 2 and 3, using the relevant calibrated
marks on the Drlver

5. Place a new camshaft bearing into the No. 1
location and follow the procedure in Step 2.

6. Using ¥ 29141-3 Driver and J 29141-4 End
Bearing Installer (Fig. 4), drive the No. 1

® 1985 General Motors Corp.
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NOTICE: To prevent the possibility of camshaft
bearing distortion, it is essential to torque the main
bearing cap bolts to the correct specifications
BEFORE machining the camshaft bearings.

Machining Camshaft Bearings

1. Secure the cylinder block to the mill table, oil pan
rail down and the front of the block facing the
spindle.

2. Square the block to the spindle using a 0.0025
mm (.0001") graduated dial indicator attached to
the mill spindle. Check locations 1-2 and 2-3 (Fig.

6) they must be square to within 0.025 mm (.
001”). Shim or realign the block as required to
achieve this reading.

3. Using the same dial indicator, check the camshaft
bore in front of the first bearing 4 (Fig. 6). A
maximum T.LR. of 0.0125 mm (.0005") is
permitted. Adjust the block or the mill table as
required to achieve this reading.

4, Move the spindle through the camshaft bores and
repeat Step 3 at the rear of the last camshaft
bearing 5. The T.L.LR. at the front and rear
locations must be the same.

Fig. 4 - Installing End Bearing 5. The center of the camshaft bore has now been
established.

6. Line bore the inside diameter of bearings to 65.
19-65.22 mm (2.5665-2.5677") with a surface
finish of 0.8 micrometers (32 microinches)
maximum. Bore in-line within .05 mm (0.002")
maximum T.ER. Take a second cut cn bearings
to ensure proper dimensions and finish. Machine
the bearings to the high side of the specifications
to assure maximum clearance and to compensate
for variance in gages. When line boring the inside
diameter of the bearings, care should be taken on
location. It is critical in relation to the backlash
of the crankshaft, camshaft, governor and the oil
pump gears.

7. Remove the cylinder block from the mill table.

8. Remove all drain plugs and oil plugs from the
block and immerse the block in an agitated
cleaning tank to remove all machining debris.

9. Using compressed air, dry the cylinder block.
Direct air through all the oil passages to ensure
that they are clean and dry.

10. Replace the drain plugs and oil plugs.

bearing into the bore until the calibrated ring on 11. Li"tglllltlyl coat all rn;achi:aed surfaces of the block
J 29141-4 is flush with the front machined with ot to prevent rust.

surface of the camshaft bore (Fig. 5). 12. Install lubriplate on the bearings for longer and
better lubrication during run-in.

Fig. 5 - Installing End Bearing

7. Reverse the cylinder block, place a new camshaft , .
bearing into the No. 5 bgaring location and Oversize Camshaft Bearings
. follow the procedures in Steps 2 and 6. If on inspection, the cylinder block camshaft
) bore, refer to R, Fig. 7, is found to be greater than 69.
8 Tighten the outer main bearing cap bolts to 15 mm (2.7224") due to wear or a bearing spinning, it
90-103 N-m (66-76 Ib-ft) and the inner main will be necessary to machine all the camshaft bores to
bearing cap bolts to 140-160 N-m (103-118 ]b-ft). accept an oversize bearing. If blueing of the cylinder
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- A - CAMSHAFT BEARING LOCATION
8 A-570.7-571.3mm (22.4685-22,492]1"}
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le—— ¢ —.1 B-418.3-418.9mm (16.4685-16.4921")
EF“ D = C-288.3-288.9mm (11.3504-11.3740")
F —

D-158.3-158.9mm (6.2323-6.2559"
$ 65.19-65.22mm gg 5 mm ( )
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1 K (N
5
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FRONT
LINE BORE WITH BEARINGS IN PLACE
INSTALL BEARINGS WITH SPLIT LINE
AT THE TOP AND OIL HOLE ALIGNED
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1
2
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oY g
O O 69.12-69.15mm
t A O (2.7213-2.7224")
150.05- Q *
149.95mm &
(5.9075- Ry
5.9035")
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O | BORE SIZE HERE
— l (010 OR .020")

L-6262

Fig. 6 - Camshaft Bearing Location
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CAMSHAFT AND CAMSHAFT BEARINGS 1.7.2

block has occured due to a bearing spinning, the

cylinder block must be replaced.

The procedure for installing oversize camshaft

bearings is as follows:

I
]
k
\ 1.
]
l

The procedures for machining the cylinder block
camshaft bore to accept oversize camshaft
bearings and for installing oversize bearings are
the same as for standard size bearings. However,
the cylinder block camshaft bore must be
machined oversize.

Machine the camshaft bore to 69.37-65.40 mm (2.
7311-2.7323") to accommodate the 0.254 mm (0.
010"} oversize bearing and to 69.63-69.66 mm (2.
7413-2.7425") to accommodate the 4.508 mm (C.
020") oversize bearing. The camshaft bore must
be in-line within 0.05 mm (0.002") maximum T.L.
R. and the surface finish 4.0 micrometers (160
microinches) maximum.

After the cylinder block camshaft bores have
been bored oversize, use emery cloth to break the
sharp edges of the bores (Fig. 7).

Install the camshaft bearings and finish the bore
to the specifications provided in Step 6 for
“Machining Camshaft Bearings”.

Install Camshaft

1.

Lubricate the bearings in the cylinder block with

engine oil and slide the shaft into the cylinder

block being careful not to damage the bearings or

the cams and journals.

Place the thrust washer over the front end of the

tc;amshaft and attach it to the block with two
olts.

Tighten the bolts to 30-34 N-m (22-25 Ib-ft) torque.

3.

Install the camshaft gear over the dowel pin in the
end of the shaft with the timing marks on the
camshaft and crankshaft gear in alignment.
Secure the gear to the shaft with three bolts.
Tighten the bolts to 58-66 N-m (43-49 Ib-ft)
torque.

Check the clearance between the thrust washer
and the gear. The clearance should be .14 mm (.
006") to .34 mm (013"),

8.

Check the governor gear and oil pump gear
backlash with the mating gear. The backlash
should be 0.0762-0.152 mm (0.003-0.006") with
new gears or 0.2286 mm (0.009") maximum with
used gears. Check the crankshaft gear backlash
with the mating gear. The backlash should be 0.
0762-0.1778 mm (0.003-0.007") with new gears
or (0.2286 mm (0.009") maximum with used
gears. If the backlash is other than that specified,
it will be necessary to try other timing gears until
the correct backlash is obtained.

Install the front end cover using a new gasket.

NOTICE: Whenever a new cylinder block,
crankshaft, camshaft or timing gear is installed,
any previously determined injector timing heights
are no longer valid. New base circle timing heights
must be established by precision timing the engine.

Install or assemble the other parts or assemblies
that were previously removed.

™

D

REF. R
N\ '

O

AFTER BORING O/S:

BREAK SHARP EDGES

AROUND CIRCUMFERENCE

ON BOTH SIDES OF ALL BORES.

L-6268

Fig. 7 - Camshaft Bore Inspection

® 1985 General Motors Carp.
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1.7.5

CRANKSHAFT TIMING GEAR

7 - <
GOVERNOR DrRive © \! jé
GEAR -
EA .
. . R

CAMSHAFT
GEAR . W

Fig. 1 - Crankshaft Timing Gear

The crankshaft gear is pressed and keyed on the front
end of the crankshaft (Fig. 1). The crankshaft gear
drives the camshaft gear. The camshaft gear drives the
oil pump and governor drive gears.

Since the camshaft must be in time with the

crankshaft, timing marks are located on the rim of the’

crankshaft gear and the camshaft gear (refer to
Section 1.7.1).

Remove Crankshaft Timing Gear (Front Cover
Removed)

Remove the gear as follows:

1. Before removing the crankshaft gear, align the

timing marks of the gears and note their location so
the gear can be reinstalled in its original position.

2. Using a suitable pulier type tool, pull the gear off
the end of the crankshaft.

Inspection

Clean the gear with fuel oil and dry it with
compressed air. Examine the gear teeth for evidence
of scoring, pitting or wear. If severly damaged or
worn, install a new gear. Also check the other gears in
the gear train.

Install Crankshaft Timing Gear

1. If removed, install the Woodruff key in the Keyway
of the crankshaft.

2. Start the timing gear over the end of the crankshaft
with the timing mark on the outer rim of the gear
facing out and the keyway .in the gear in alignment
with the Woodruff key in the trankshaft.

3. Align the uiming mark on the crankshaft gear with
the timing mark on the camshaft gear (refer to
Section 1.7.1).

4. Using a suitable too! press the gear up against the
shoulder on the crankshaft.

5. Check the gear backlash with the mating gear. The
backlash should be 0.0762 - 0.1778 mm {G.003 -
0.0667”") with new gears or 0.2286 mm (0.009™)
maximum with used gears.

NOTE: Whenever a new cylinder block,
crankshaft, camshaf or timing gear is installed
any previously determined injector timing
heights are no longer valid. New base circle
timing heights must be established by precision
timing the engine.

© 1982 General Motors Corp.
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1.0

SHOP NOTES - SPECIFICATIONS - SERVICE TOOLS

SHOP NOTES

MODIFICATION OF TOOL J 29008 FRONT CRANKSHAFT SEAL INSTALLER

The front oil seal installer tool J 29008 for the Fuel
Pincher engine was designed originally to drive the
front seal flush with the engine front cover.

An engineering study of the seal installation procedure
concluded that the seal should be recessed 3.0 to 3.5
mm (.1179"-.1378") into the front cover and that it
should be pulled into place rather than driven.

The tool manufacturer is modifying their stock of tool

J 29008 to agree with these new installation

specifications.

Distributor and dealer service organizations who have
purchased the original design tool may rework it using
the following instructions and Fig. 1.

1. Place tool J 29008 in a lathe having a four jaw
chuck. The bell shaped end of the tool should be
positioned 88.9 mm (3.5") from the chuck.

2. Use a dial indicator, to make sure that tool runout is
0508 mm (.002™) or less.

3. Using a cut off type tool, machine a step into the
outer skirt of the bell which is 3.0-3.5 mm (.1179-
1378") wide having a siep diameter of 79.3-79.5 mm
(3.125 4.005") from the bell end.

4. Cut off the shank end of the tool 74-75 mm (2.950
+.020") from the bell end.

74-75 MM

2.850" £.020" ]

I--a.o - 3.5 MM 79.32-79.5 MM
1797 - 1378 {3.125 + .005")
MODIFIED J-29008

FRONT C/$ SEAL INSTALLER

_____

BEFORE J-29008

AFTER J-29008-A

L-6187

Fig. 1 - Modification of Tool J 29008

© 1983 General Motors Corp.
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CHECKING CAMSHAFT STRAIGHTNESS

1 2 3
ALL CAMSHAFT JOURNALS CIRCULAR RUNOUT
NEW; 65.12 — 65.14 mm (2.5638 — 2.5644") 0.05 mm (0.002")

WORM: 65.07 — 45,14 mm (2.5618 — 2.5646") 3 INTERMEDIATE JOURNALS
SURFACE FINISH: 0.8 MICROMETERS
(32 MICROINCHES)

CIRCULAR RUNOUT
0.013 mm (0.0005"}
2 END JOURNALS

L-8270

Fig. 2 - Checking Camshaft Straightness

To check the camshaft for straightness refer to Fig. 2 bearing journals. It should not exceed 0.05 mm

and proceed as follows: (0.002").

1. Clean the camshaft in solvent and dry with 4. Check the circular run out on No. 1 and No. 5

compressed air. bearing journals. It should not exceed 0.013 mm
(0.0005").

2. Support the camshaft on V-blocks on a flat surface

at No. I and No. 5 bearing journals. If the circular runout exceeds the specified limits,
replace the camshaft. No straightening operation is

3. Check the circular run out on Nos. 2, 3 and 4 permitted.

REWORKING FLYWHEEL CLUTCH FACE

During normal operation, the clutch face surface of a this surface is permissable if the minimum dimensions
SAE No. 2 flywheel, used with a manual transmission, are maintained as indicated in Fig. 3.

can incur wear of damage. Rework of the flywheel and

Page 2
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Minimum permissible dimension
ofter resurfacing of the clutch face:
40.18 mm (1.582")

V4 . Only machine sufficient material
{ \ from the clutch face to remove any
] out-of-specification conditions.

4 2. On completion of the resurfacing precedure,
check the countersink in the bolt holes and,
deburr if necessary.

Stamp letter “R"” here
| —— when clutch face has

,_// been resurfaced.

423.5 - 424.5 mm

E\‘ b 667 - 16.77)
N
. \\

| f
50.95-51.00mm _ - & 51.98 - 52.0 mm
(2.006-2.008") (2.046 - 2.047")

Y '

1.25 - 2.50 micrometers
(50 - 100 microinches)

® Must run true with{#]and E
within 0.08 mm (0.003"}

N\

If at any time the ring gear is replaced, do not heat
ring gear over 204° C (399°F) when shrinking on. 16269

Fig. 3 - Flywheel Rework
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Servicing 8.2L Cylinder Block Bores

When cylinder block bores experience damage or wear,
they can be repaired by different methods which are
explained below. It is imperative that the cylinder block
be cleaned and checked for serviceability as outlined in
Section 1.1, before any machining operations are
performed. Thoroughly clean the fire decks of the
cylinder block and check each for flatness and bolt hole
boss protrusion as outlined in Section 1.1.

Preparation for Honing

1. The following steps should be taken to restore the
cylinder bore to a serviceable condition:

A. Compare the cylinder bore measurements taken
with the bore grade chart (Section 1,1). Select the
next size bore that will, after rework is completed,
remove all out-of-specification conditions.

B. Thoroughly inspect and prepare the honing
- equipment following the manufacturer’s
instructions.

Dry honing 1s an unsatisfactory method of honing. Wet
honing is the only suitable method recommended. A
good flow of clean flushing fluid or honing oil (kerosene,
mineral spirits or a light-bodied mineral oil) should be
directed into the cylinder bore before and during the
honing process. The use of a flushing fluid or a honing
oil will flush the abrasives and metal particles from the
stones and cylinder wall. Equally important, it will cool
the work and keep the stones clean and cutting freely. It
also eliminates the possibility of the stones becoming
loaded, which causes many of the small cutting edges to
“push” rather than cut and produces a cylinder wall
finish having deep scratches, smeared grooves, torn and
fragmented material and glazed or burnished areas.

CYLINDER BORE SPECIFICATIONS

Out of round Maximum 0.025 mm (0.001 ")

Taper Maximum 0.025 mm (0.001 ")

Range 0.5 - 0.8 micrometers
(20-31 microinches) free of burnish,
glaze, and embedded porticles.

Surface finish

Recommended stone B0 or 220 grit

Range 229 - 32° from horizontal.
Cleanly cut, free of torn or folded metal
and vniformly cut in both directions,

Crosshatch angle

No boring tool
marks are permitied.

TABLE 1

.

2, When cylinder bores are honed, the following
cylinder bore specifications must be met to ensure
optimum piston ring seating, piston ring life and
minimum oil consumption (See Table 1).

The surface finish is the average irregularity of the
surface. This slightly irregular surface on the cylinder
bore is required to allow new piston rings te seat
correctly and to assist in correct oil retention.

The crosshatch angle (Fig. 4) is important for correct
oil retention on the cylinder bore walls.

Failure to achieve the cylinder bore specifications could
lead to slow piston ring seating, scratching and short
ring life, high surface temperatures (scuffing), abnormal
wear and excessive oil consumption.

3. Determine how the wear pattern should be removed
by referring to the bore measurements taken during
block inspection (Section 1.1).

4. Depending on the type of hone being used, place a
stop below the cylinder being honed to prevent the
stones from striking the main bearing journal.

5. Following the hone manufacturer’s instructions,
assemble the hone with 220 grit stones, place it into the
bore and expand the stones and guides firmly against
the cylinder wall. Do not overtighten. If using 80 grit
stones, only hone to within .025 mm (.0017) of required
finish dimensions. Change to 220 grit to achieve the
correct surface finish and final dimension. An overtight
hone may cause severe damage to the stones. To ensure
accurate honing, if the hone has two stones and two felt
wiping pads, the two felt pads should be removed and
replaced with two additional stones of the correct grit.

Felt pads, if used during the wet honing operation,
deteriorate quickly, allowing the stones to move off
center. The additional two stones, while honing, also act
as guides. Caution must be exercised if a four stone
hone is used as the amount of bore material being
removed is almost double that of a two stone hone.

6. Start the bore flushing equipment and make any
necessary adjustments to the rate of flow and direction
of the flushing fluid. Failure to provide a plentiful
supply of honing oil to the cylinder bore while honing
can cause premature engine failure. One of the major
purposes of the honing oil is to cool the cylinder walls
while honing.

CAUTION: Personal injury could occur unless
precautions are taken to ensure that no flushing

Page 4
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AR

fluid is permitted to come in contact with the
electrical equipment or cables.

An inadequate supply of cooling fluid will allow the
cylinder wall to heat up and expand. This will give a
false reading when measurements are taken. When
measuring any component of the 8.2L engine, it is
necessary that the part being measured and the
measuring equipment be as close to the same
temperature as possible - e.g., a cylinder block with a
temperature of 38°C (100° F) measured with a dial
bore indicator of 21° C (70° F) will give a false reading
of .018 mm (0.0007"). When the cylinder wall cools
down, the inside diameter of the bore will be undersize.
The need for correctly sized cylinder bores is easily
recognized by referring to the 8.2L cylinder bore
diameter chart in Section 1.1. You will see that there is

only 0.016 mm (0.0006”) between grade sizes.

Using an cil can to provide a supply of honing fluid is
not satisfactory and can cause the cylinder bore to
expand in excess of one bore grade size. A pump for
honing fluid can easily be manufactured by mounting
an 8.2L (or other 2 cycle) fuel pump to a fractional
horsepower electric motor.

The Honing Method

Remove Taper as Follows:

1. Start the hone motor, ensuring that the motor and
hone are centered on the bore. Start stroking at the

Fig. 4 - Cylinder Bore Crosshatch Pattern

Poor Crosshatch

B !

bottom or least worn section of the cylinder, using short
strokes in order to concentrate the honing in this area.

2. Gradually lengthen strokes as metal is removed and -
stones contact higher on the bore.

3. Occasionally stroke all the way to the top of the bore
to remove any ring ridge that may be present
{approximately four short strokes, then two full strokes

(Fig. 5),

4. Expand stones as necessary to compensate for stock
removal, keeping the stones firmly against the cylinder
walls. Do not permit the stones to extend more than
12.7 mm (0.500”) below or more than 25.4 mm (1.007)
above the cylinder bore.

5. Depending on the amount of stock to be removed,
stop the hone motor after approximately 15-20 seconds
of honing, but continue stroking until the hone stops
revolving.

6. Loosen the adjustment on the hone and remove it
from the bore.

7. Clean the cylinder bore and, using a bore gage,
measure the amount of material removed.

8. Repeat Steps 1 thru 7 until the bore dimension
required is reached. The crosshatch angle is a function
of the speed of the hone motor and the stroking speed of
the hone; i.¢., using a 400 rpm half inch drill motor, the
stroking speed is approximately 45-50 strokes per

© 1984 General Motors Corp.

November, 1984 SEC. 1.0 Page 5



1.0 Shop Notes

FUEL PINCHER

Fig. 5 - Honing Cylind_er Block Bore

minute to obtain a crosshatch angle of 22-32° . A slight
increase in motor speed and reduction of torque felt at
the drill handle is an indicator of the stones’ cutting
action.

9, When the selected dimension is reached, it will be
necessary to regrade the bore by “X”ing out the
original grade on the block and stamping the new grade
alongside the cylinder that has been reworked (Fig. 6).
The left cylinder is a grade B bore - .127 mm (0.0057)
oversize. The right cylinder has been reworked and
regraded to a C bore. Refer also to “Grading The
Cylinder Bores™ in Section 1.1. The figure stamps used
should not be greater than 6.350 mm (0.257).

Cleaning

1. Thorough cleaning of the cylinder block is essential
after the honing operations are completed. Failure to
properly clean all honing debris from the block could

Fig. 6 - Reworked Cylinder Bores

result in short cylinder component life and bearing
damage throughout the engine.

2. Using hot soapy water, scrub the cylinder bores with
a stiff, non-metallic bristle brush to remove any honing
debris. continue cleaning the bore until the replenished
soapsuds remain white. Do not use diesel fuel, kerosene
of commercial solvents to clean the cylinder bores after
honing. Solvents of this nature do not remove abrasives
from the cylinder walls.

3, Wipe out the bores with clean white paper towels. If,
after continued wiping, a gray or black residue is seen
on the towels, it will be necessary to rewash the bore.

4. When the bores are properly clean, dry the block
using compressed air.

5. Coat all the cylinder bores and machined surfaces on
the block with a suitable lubricating oil to prevent rust.

The Boring and Honing Method

Boring is necessary as an initial step for sizing a bore to
oversize pistons. Honing is necessary to establish the
piston-to-bore clearances for the different grade (A, B
or C) pistons. Proceed as follows, if during the block
inspection (Section 1.1), it is determined that boring is
necessary to return the cylinder bore 1o a serviceable
condition. It is not necessary to bore all the cylinder
bores unless they are all out of specification. The
standard and oversize pistons are the same weight. Any
combination of pistons can be mixed in an engine.

1. Torque the main bearing cap inboard bolts to 140-
160 Nm (103-118 Ib-t} and the outboard bolts to 90-
103 Nm (66-76 1b-f1).

2. Assembie the boring equipment following the
manufacturer’s instructions and recommendations.

Page 6
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Shop Notes 1.0

3. Following the manufacturer’s instructions and
standard trade practices, machine the cylinder bore to
0.025-0.038 mm {0.001-0.0015") less than the required
finish dimension to allow for honing.

4. Chamfer the top of the cylinder bore (Fig. 7).

5. When boring is completed, carry out the honing
operation. Refer to “Preparation for Honing”.

6. Stamp the block with the oversize dimension ¢.g.,
(-}27 mm or .005") adjacent to the cylinder bore that
was reworked (Fig. 6).

The Boring and Sleeving Method

If a cylinder bore is damaged so that an oversized
piston cannot be used, the cylinder bore can be bored to
accept a sleeve kit which will put that cylinder back to
standard size. Boring and sleeving operation is covered
in the following procedure.

1. Clean all preservative from the sleeves, using a
suitable solvent.

2. Cut the sleeves to the length shown in Fig. 8, Cut
stock from the end marked by yeilow paint. Do not cut

from the end with 10° lead in chamfer.

3. Measure and record the Q.D. of each sleeve.

-
o
o

.508..762 MM
. f {-020-.030 INS.)

[ LD

77T T 7]

L6328

Fig. 7 - Chamfer Top of Cylinder Bore
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Fig. 8 - Dimensions After Cut

4. Torque main bearing cap inboard boits to 140-160
Nm (103-118 Ib-ft) and the outboard bolts to 90-103
Nm (66-76 1b-ft).

5. Thoroughly clean the fire decks of the cylinder block
and check each for flatness and bolt hole boss protrusion
as outlined in Section 1.1.

6. Thoroughly clean the cylinder bores of the cylinder
block.

7. Center the boring bar at the bottom end of the
cylinder bore. This will permit correct alignment of the
sleeve.

8. Refer to the sleeve Q.D. dimensions recorded in
Step 3, and bore cylinder bores to diameters that
establish a 0.038-0.051 mm (0.0015-0.002") press fit
between sleeves and cylinder bores (Fig. 9). Follow the
manufacturer’s instructions on correct boring machine
usage.

9. Install the sleeves with a press or a suitable puller.
Under no circumstances should hte sleeve be pounded
into the cylinder bores. Striking the top of the sieeve
with a hammer or other object may cause cylinder bore
distortion or structural damage to the cylinder block or
sleeve. When installed, the sleeves should protrude 1.08-
2.08 mm (0.043-0.082") above the cylinder bore.

© 1984 Generai Motors Corp.
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PFrews Fit

0.038-0.051mm
(6.0015-6.002")

Finished

(7.000-7.

177.80-178.31mm

H

Length

020°)

Finished Bore 1.D.

A

1.8
{0.059) Chomier
Detail

(See Note)

IIEIIsINiniss

Sleave O.D. Moximum

142.78-132. 80mm
(4.440-4,441")

[_ LTI

LISEETETIEL. SIIIEETEIIIIE}

Led32

Fig. 9 - Dimensions After Installation

10. Remove excess sleeve stock so that the top of the
sleeve is flush with the top of the cylinder bore. Do not
remove sleeve stock below the top of the cylinder bore.
This will result in the head gasket not sealing.

11. Using a suitable cutting tool in the boring bar,
machine a 15° chamfer on the top of the sleeve to
facilitate piston ring installitation (Fig. 9).

12. Finish bore and hone the sleeved cylinder bores.
Refer to the “Boring and Honing Method” to achieve
the inside diameter specified for the replacement
pistons.

Bore diameters for standard grades A, B and C and
oversize grade B pistons are provided in the Chart in
Section 1.1,

When a cylinder bore has been sleeved, it is
recommended that the inside diameter of the sleeve be
bored and honed to standard dimension.

Page 8
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CYLINDER BLOCK PLUGGING CHART

141234 ‘ FRONT
(NOTE C)

8920062 (2)
(NOTE B)
8920062 (2)
(NOTE B)
D
@
Q427469
HOEA @427695(3)
(NOTE A)
8924140
ﬁégf 174" PIPE THREAD
5103186 ( ) DRAIN COCK
Q427469
(NOTE A)
NOTES:
Pipe Plug Identification Chart A. Must be 2.5 - 3.0mm (.098 - .1187) below the surface.
5103186 - 1/2° Hex Hd. Cup plugs should be cleaned prior to application

of sealant. Apply a good grade of non-hardening

Standard Pipe Plug Torque Chart sealant such as “Gasoila” varnish type sealer or
an equivalent.

Pipe Plug Torgque
Size Nm — (Ib. ft.)
/2" 31-36-(23-27) B. 8920062 dowe! pins — drive t0 9.5 - 10mm (.374 -

.3947) projection.
Cup Plug Identification Chart

Q427695 — 3/4" C. 141234 dowel pin — drive until flush or to .3mm
9427469 - 1 1/27 (.0127} below the surface. Dowel pin should be
9427702 - 1 5/8% cleaned prior to application of sealant. Apply a

good grade of non-hardening sealant such as

Dowel Pin Identification Chart bt =, . .
Gasoila’” varnish type sealer or an equivalent.

141234 — 3/8"
8920062 - 12 x 29 mm

© 1984 General Motors Corp. November, 1984 SEC. 1.0 Page 9
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CYLINDER BLOCK PLUGGING CHART

5103186

5103187
L (NOTEC)

9427694

(NOTE A) &

” \D)r— 9427469 (2)

(NOTE A)
®
9427702
: (NOTE A)
v
Q)
o aé
8920062 (2)
(NOTE B)
8924380
5103187
5115214(2)
8920062 (2)
(NOTE B)
Pipe Plug |dentification Chart NOTES:
8924380 - 1/8° Sq. Soc. Hd. A. Mustbe 2.5-3.0mm (.098-.118") l.JEIOW the s-urfa.ce.
5103186 - 1/2° Hex Hd. Cup plugs should be cleaned prior to application
5115214 - 1/2”  S8q. Soc. Hd. of sealant. Apply a good grade of non-hardening
5103187 - 3/47 Hex Hd. sealant such as ““Gasoila” varnish type sealer or
an equivalent.
Standard Pipe Plug Torque Chart 9
Pipe Plug Torque B. 8920062 dowel pins — drive ta 9.5 - 10mm (.374 -
Size Nm — (b. f1.) .394%) projection.
1/8” 13-17-{10-12)
172 31-36-(23-27) C. Marine application does not require pipe plug

- 4-47-(33-
3/4 44-47-(33-37) (5103187) in this location.

Cup Plug ldentification Chart

Q427694 — 11/16"
9427469 - 1 1/27
9427702 - 1 5/8"

Dowel Pin Identificotion Chart
8920062 - 12 x 29 mm

Page 10 © 1984 General Motors Corp.




(NOTE B)

9427469
(NOTE A)

8923847
REAR  (NOTE C)

Pipe Plug identification Chart

8923847 - 1/4" 3q. Soc. Hd.

Standard Pipe Plug Torque Chart

Pipe Plug Torque
Size Nm — (Ib. ft.)
174" —  19-22-(14-16)

Cup Plug Identification Chart
9421744 - 7/16"
9427698 - 1~
9427469 -1 1/27

(NOTES A & F) (NOTE A)

NOTES FOR LEFT BANK CYL, HEAD:
A. Must be 2.5 - 3.0mm (.098 - .118") below the surface. Cup plugs

should be cleaned prior 1o application of sealant. Apply a
geed grade of non-hardening sealant such as “Gasoila’ var-
nish type sealer or an equivalent.

. Does not require cup plug (9427449) in this location,
. Does not require pipe plug (8923847} in this locatfion if used for

oil pressure gage hookup or if used for marine application.

., 1/4" pipe thread fuel fitting (return line).
. 1/4” pipe thread fuel fitting (inlet line).
. With marine applications the location of the dipstick tube will

vary in order to provide accessibility. Therefore, the dipstick
tube may be installed on either the left or right bank cylinder
head. The cup plug (9421744) must be installed on the
opossite bank. See notes A and B of “Right Bank Cyl. Head"”
for instatlation of cup plug and dipstick tube respectively.

FUEL PINCHER Shop Notes 1.0
LEFT BANK CYLINDER HEAD PLUGGING CHART
8923847 (2)
(NOTE E) 9421744 94274698

© 1984 General Motors Corp.
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RIGHT BANK CYLINDER HEAD PLUGGING CHART

(NOTE E)

9427469
(NOTE A)

(NOTE C)

FRONT 8923847

(NOTE D)

9427469
(NOTE A)

Pipe Plug Identification Chart

8923847 — 1/4” Sq. Soc. Hd.

Standard Pipe Plug Torque Chart

Pipe Plug Torque
Size Nm — (lb. ft.)
1747 19-22-(14-16)

Cup Plug Ildentification Chart

9427698 - 1°
9427469 - 1 1/27

9427698
(NOTE A)

77167 0.D.
DIPSTICK TUBE

(NOTES B & F)

NOTES FOR RIGHT BANK CYL. HEAD:

A,

Must be 2.5 - 3.0mm (.098 - .118") below the surface. Cup plugs
should be cleaned prior to applicatien of sealant. Apply ¢
good grade of non-hardening sealant such as “"Gasoila™ var-

nish type sealer or an equivalent.

. Tube should be cleaned prior to application of sealant. Apply a

good grade of non-hardening sealant such as “Gasoila” var-
nish type sealer or an equivalent eround the bottom Q.D. of
the tube. Drive in till bottomed.

. Marine application does not require cup plug (9427469) in

this location.

. 1/4” pipe thread fuel fitting (return-line).

1747 pipe thread fuel fitting {inlet line).

With marine applications the location of the dipstick tube will
vary in order 1o provide accessibility. Therefore, the dipstick
tube may be installed on either the left or right bank cylinder
head. The cup plug (9421744) must be installed on the opposite
bank. See notes A and B of “Right Bank Cyl. Head" for installia-
tion of cup plug and dipstick tube respectively.

- Page
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SPECIFICATIONS

TABLE OF SPECIFICATIONS

These specifications also apply to oversize and undersize parts.

ENGINE PARTS MINIMUM MAXIMUM
Naturally Aspirated and Turbocharged
Cylinder Block
Block Bore:
Standard Bore:
Grade APiston ... ... .. ... . ... ... 108.000 mm 108.016 mm
(4.25207) (4.2525")
Grade BPiston ..... .. .. . ... ... ... ... ... 108.017 mm 108.033 mm
(4.2526") (4.2532")
Grade C Piston .. ... .. ... . ... . . ... 108.034 mm 108.050 mm
(4.25337) (4.2539")
Oversize Bore (.127 mm - .005"):
Grade B Piston ... ... ... 108.144 mm 108.160 mm
(4.2576") (4.2582")
Oversize Bore (.254 mm - .010"):
Grade B Piston .. .. . . ... .. 108,271 mm 108.287 mm
(4.26267) (4.2632")
Oversize Bore (.508 mm - .020"):
Grade BPiston ... ... ... ... ... ... ... ... .. 108.525 mm 108.541 mm
(4.2726") (4.27327)
Out-of-round ... ... .. .. ... .. .025 mm
{.001")
Taper ... . 025 mm
(-0017)
Camshaft Bore:
Standard Bore . ... . .. ... .. ... ... ... 69.12 mm 69.15 mm
(2.7213™) (2.7224")
Oversize Bore (.254 mm - .010™) ... ... . . .. . ...... 69.37 mm 69.40 mm
(2.73117) (2.7323")
Surface Finish ... . 4.0 micrometers
(160.0 microinches)
Camshaft Bushing Bore:
StandardBore . ... ... . ... L. 65.19 mm 65.22 mm
(2.5665") (2.56777)
Surface Finish ... ... ... ... ... . .. ... I 0.8 micrometers
(32.0 microinches)
Qil Pump Bore:
Standard Bore . . . . 79.400 mm 79.438 mm
{(3.1260") (3.1275™)
Oversize Bore (.254 mm - .010”) ... ... . .. .. .. .. 79.654 mm  79.692 mm
(3.1360") (3.1375")
Oversize Bore (.508 mm - .020") ... . .. ... .. ... 79.908 mm  79.946 mm
(3.1460" (3.1475")

Surface Finish

4.0 micrometers
(160.0 microinches)

© 1984 General Motors Corp.
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ENGINE PARTS MINIMUM MAXIMUM
Naturally Aspirated and Turbocharged

Rework Locating Criteria for Centering:

Between vertical C/L of bushing and vertical C/L  3.77 mm 3.85 mm
of oil pump inner G-rotor hub. (.1484"7) (.1516")
This radius is from the center of the camshaft 144.949 mm 145.051 mm
bore to the center of the ¢i! pump bushing. (5.70677) (5.71077)
Qil Pump Bushing Bore:
Standard Bore . ... ... L 76.20 mm 76.23 mm
(3.00007) (3.0012")
Surface Finish ... ... ... 0.8 micrometers

(32.0 micrometers)

Crankshaft*
Standard Crankshaft:
Main Journal . ... ... ... .. ... .. .. ... . 99975 mm 100.000 mm
(3.9360") (3.9370")
Crank Pin .. .. 69.975 mm 70.000 mm

(2.75497) (2.7559”")
Undersize Crankshaft (.254 mm - .010"):

Main Journal .. ... ... 99.721 mm 99.746 mm
(3.9260") {3.9270")
Crank Pin ......... U 69.720 mm 69.746 mm
(2.7449") (2.7459")

Surface Finish . . ... .. ... .. .. e 0.32 micrometers

(13.0 micrinches)

Cylinder Head

Firedeck Flatness:

Transversly ... . . ....... .. ... T 0.10 mm
(.004")
Longitudinally ... .. ... . .. ... ... ... . ... ... . 0.15 mm
. (.006")
Value Seat Angles:
Exhaust - Face ... . ... ... .. .. .. ... . ... ... 45°
Exhaust - Seat ... . ... .. ... . .. A 46°
Intake - Face ... ... ... .. ... .. .. ... ... ... ... 30°
Intake - Seat . . ... ... ... ... AU 31°
Injector Tip Protrusion ... ... ... . ... ... 3.04 mm 3.79 mm
(.120") (.1497)
0il Pump
Drive Gear Backlash ... ...... ... ... ... . . 076 mm 152 mm
(.003") (.0067)

*1. No rework in the fillet areas is permitted. If any damage is discovered in these areas, prior to or after machining,
the crankshaft must be discarded.

2. No straightening operations are permitted.
3. The crankshaft and grinding wheel must be rotated in a clockwise direction (as viewed from front of crankshaft).

Page 14 © 1984 General Motors Corp.
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STANDARD METRIC BOLT AND NUT TORQUE SPECIFICATIONS

Thread Size BOLT CLASSES / TORQUES
Diameter X MM 8.8 9.8 10.9

Per Thread

Nm/LB-FT Nm /LB-FT Nm /LB-FT
M5 X .8 None used 5.0-6.0/3.7-4.4 7.0-8.0/5.2-5.9
M6 X 1.0 “ " 10-12/7.49.0 13-15/10-11
M8 X 1.25 ” 23-27/17-20 30-34/22-25
MI10 X 1.50 ” ‘ 46-53/34-39 58-66/43-49
M12 X 1.75 " “ 79-91/58-67 101-116/74-86
M14 X 2.0 ” ” 126-144/93-106 160-184/118-136
M16 X 2.0 o 192-220/142-162 245-280/181-207
M20 X 2.5 334-384/246-283 Ncne used 478-550/353-406

. STANDARD METRIC BOLTS

Metric Bolts — Identification class numbers correspond 1o bolt
strength — Increasing numbers represent increasing strength,
Manufacturers

Identification

Strength

ldentification Bolt Head

Y

© 1985 General Motors Corp, July, 1985 SEC. 1.0 Page 15
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BOLT AND NUT TORQUE SPECIFICATIONS

THREAD TORQUE TORQUE
APPLICATION St (Ng) ath
Injectorclampbolts . ...... ... ... ... .. L. M6 x1.0x 30 10-12 79
Camfollower guidebolts . ... ... ... ... ... . ... ...... M8x 1.25 x 20 23-27 17-20
Camshaftthrustwasherbolts. ... . ...... .. ... . ..... ... ... M8 x 1.25x 20 30-34 22-25
Frontcoverbolts . .... .. ... ... . ... ... . ... ... ... ... M8 x 1.25 x 20 30-34 22-25
Injector control tube assemblybolts . . ... ... ... ... ... ... M8 x 1.25 x 20 30-34 22-25
Rockercoverbolts .. ...... .. .. . . . . ... M8x 1.25x 20 2327 17-20
Valleycoverbolts . .. ... ... .. ... ... . ... ... M8 x 1.25 x 25 23-27 17-20
Camshaftgearbolts . . ... ... .. ... .. . ... ... ... ... M10 x 1.50 x 40 58-66 43-49
Flywheel housingbolts . . ... ... ... ... ... ... ... ... .. M10 x 1.50 x 130 46-53 34-39
Flywheelhousingbolts . .. .. ... ... ... ... ... ... ... ... M10 x 1.50 x 45 58-66 43-49
Rocker arm bracketbolts . . . .. .. .. e M10x 1.50x 70 46-53 34-39
*Bearingcapbolts(out)(E). . .. .. ... .. ... ... M12x 175 x 70 90-103 66-76
ConnectingrodboHts(E) . .. .. ... ... .. ... . .. .. ... .. .... 7/16"-20 80-95 59-70
Flywheelbolts(E) . .. .. ...... ... ... . ... ... . ... ... .. M12 x 1.75 x 50 87-100 64-74
Flywheelbolts(E) . . . ... ....... .. ... ... .. ... ... . ...... M12 x 1.75 x 83 87-100 64-74
*Bearingcapbolts(in)(E}. ... ... ... . ... . ... ... ... .. .. .. M14 x 2.0x 137 140-160 103-118
*Cylinderheadbolts(E) . ... ... .. .. ... ... ... . . _..... .. ... M14 x 2.0 x 160 196 145
*Cylinderheadbolts{E) . . ..... .. ... ... . .. .. .. ... . .... M14 x 2.0x 130 196 145
Crankshaftpulleybolt .. ... ... ... ... ... .. ... .......... M20 x 2.5 x 60 334-384 246-283

*Lubricate at assembly with International Compound No. 2 or equivalent.
(E) = Exceptions To Standard
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:
. . SERVICE TOOLS
| TOOL NAME TOOL NO.
: Cylinder Block
: Bore gage setting fixture . .. ... ... ... . J 23059-01
| Cylinder bore gage ...... . . . . .. . . . . J 5347-B
, Cylinder hone ... ... ... . J 5902-1
, Engine stand ... ... ... e J 23935-A
» Engine stand adaptor (used with J 23935-A) ....... ... ... .. ... ... ... J 23013
: Valves
' Brush .. ... .... P J 8101
| Dial indicator .. . ... . J 8165-2
| Valve oil seal installer ... .. .. .. .. .. J 28612
l Valve spring checking gage ... ... ... . .. ... ... ... J 25076-B
P Valve spring compressor adaptor tool ... .. ... ... .. .. .. J 7455-4
’ Valve spring compressor tool . ... ... ... J 8062
' Valve spring tester . ... ... .. . J 22738-02
' Valve guide repair kit (includes J 33701, J 33702, J 33763) ............ J 33764
' Crankshaft

Front seal installer . ... . . .. .. .. . J 29008-A
’ Front seal remover ... . J 29007-A
' Handle (per J 29010-A) . ... . . . . . . J 3154-1
: . Crankshaft pulley remover ... ... ..... o Lo J 29025
, Rear seal expander ... .. .. . ... J 29009-A
. Rear seal installer ... .. e J 29010-A
‘. Piston
: Piston ring compressor ..o J 29614

© 1984 General Motors Corp. November, 1984 SEC. 1.0 Page 17
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SECTION 2
FUEL SYSTEM
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FUEL SYSTEM

A schematic diagram of a typical fuel system is shown
in Figure 1. This system includes injectors, a fuel line
junction block, fuel manifold (integral with the cylinder
head), fuel pump, strainer and filter. A restrictive
orifice is located in the fuel return passage in the
junction block to maintain the pressure in the fuel
system.

Fuel is drawn from the fuel tank through both the fuel

sirainer and junction block and enters the pump.
Leaving the pump under pressure, the fuel flows io the
fuel filter via the junction block and then from the
filter via the junction block, 1o the fuel manifold at the
front of each cylinder head. The fuel flows to the
injectors in the cylinder heads through passages
integral with the head and surplus fuel exits at the rear
of each head. The surplus fuel is returned through the
restrictive fitting in the junction block back to the fuel
tank.

©1982 General Motors Corp.
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RIGHT BANK CYLINDER HEAD
SECONDARY FUEL FILTER
(DDA SUPPLIED)
-----0 -0 Q----- Q---
LEFT BANK CYLINDER HEAD
* *
# ----- O-----0Q----- O----- 2 e
- JUNCTION BLOCK
FUEL PUMP
i
1
1
<) —— RESTRICTED ORIFICE
PRIMARY FUEL FILTER *
{(OEM SUPPLIED) ——
¥ Y
LOCATION FOR OPTIONAL -
FUEL OIL WATER SEPARATOR —=1 1
(OEM SUPPLIED) e, 4
FUEL TANK
¥
i
1]
1]
: L-4048

Fig. 1 - Schematic Diagram of Fuel System
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FUEL INJECTOR

The injector (Figs. | and 2) provides a means of
introducing fuel into each combustion chamber. It
combines the acts of balancing flow, timing and
injection. Fuel flows through supply iines into the
drilled passage in each cylinder head. A radial groove
around each injector indexes with the drilled passage
at the front of the cylinder heads to admit fuel into
the injector. A fine mesh screen in the injector
provides for final fuel filtration. A fuel crossover drain
tube connects the two passages at the rear of the heads
and returns the unused fuel 1o the fuel tank.

The fuel groove around the injector nut is separated
by two “O" rings which seal against the cylinder head
injector bore. This forms a sealed passage within the
cylinder head which becomes the fuel manifold
allowing simultaneous fuel supply to all injectors from
the engine fuel pump.

The continuous fuel flow around the injector serves to
purge air pockets from the fue! system, and as a
coolant for the injector.

Combustion required for satisfactory engine operation
is generated by injecting a small quantity of accurately
metered and finely atomized fuel oil into the cylinder.

Figure 5 illustrates the phases of injector operation
during the vertical travel of the injector plunger.

Metering of the fuel is accomplished by an upper and
lower helix machined in the lower end of the injector
plunger. Figure 4 illustrates the fuel metering from
no-load to full-load caused by retation of the plunger
in the bushing.

To establish the power output of the engine, injector
sets having specific fuel output capacities are used. The
fuel output of the various injector types is determined
by the helix angle of the plunger and the type of spray
tip used. Refer to Fig. 3 for the identification of the
injectors and their respective plungers and spray tips.

Since the helix angle on the plunger determines the
output and operating characteristics of a particular
type of injector, it is imperative that the correct
injectors are used for each engine application. If
injectors of different types are mixed, erratic operation
will result and may cause serious damage to the engine
or to the equipment which it powers.

Each fuel injector has a number stamped on the
injector clamp for identification (Fig. 3). The
identification number indicates the nominal output
and the injector type.

Each injector control rack (Fig. 2} is actuated by a
lever on the injector control tube which, in turn, is
connected to the governor by means of a fuel rod.
These Ievers can be adjusted independently on the
control tube, thus permitting a uniform setting of all
injector racks.

The fuel injector combines in a single unit all of the
parts necessary to provide complete and independent
fuel injection at each cylinder.

Operation

Fuel, under pressure, enters the injector through a filter
pressed into the injector nut (Fig. 2). Fuel fills that area
between the bushing and the nut, in addition to that
area under the plunger within the bushing. The plunger
operates vertically in the bushing pumping fuel sup-
plied through two funnel-shaped ports in the bushing.

Fig. 1 - Fuel Injector Assembly

© 1985 General Motors Corp.
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Fig. 2 - Cutaway View of Fuel Injector
Operation

The motion of the injector rocker arm is transmitted
to the plunger by the follower which constantly engages
the follower spring. In addition to the reciprocating
motion, the plunger can be rotated, during operation,
by the gear which meshes with the control rack. For
metering the fuel, an upper and a lower helix are
machined in the lower part of the plunger. As the helix
to port relationship is changed by rotating the plunger,
the injector output and timing changes to regulate
engine performance.

As the plunger moves downward, under pressure of the
injector rocker arm, a portion of that fuel trapped
under the plunger is displaced into the supply chamber
through the lower port until the port is closed off by the
lower land of the plunger. A portion of the fuel trapped
below the plunger is then forced up through a central
passage in the plunger into the fuel metering recess
and into the supply chamber through the wpper port
until that port is closed off by the upper helix of the
plunger. With the upper and lower ports both closed off,
the remaining fuel under the plunger is subjected to
increased pressure by the continued downward move-
ment of the plunger.

When sufficient pressure is built up, it opens the flat
check valve. The fuel in the check valve cage, spring
cage, tip passages and tip fuel cavity is pressurized

6108

Injector
Output
Injector  Plunger SproyTip SprayTip Min/Max
1.D. 1.D. Stamp&  Holes {CMM)
4A53 53 2 5 53-57
4A40 Ad 3 5 42 - 46
4B45 B4 7 4 48-52
4B55 53 7 4 54-58
4C65°  4C65 4 5 64-68
4A70 4C45 5 ] 70-.74
4E67 AC65 <] 4 65-70
4H60 4C465 8 5 59-63
4B75 B7 8 5 73-77
4160 J6 7 4 52-56
AK60 Ké 7 4 52-56

* Supersedes 4A65 and 4B65

% The spray tip stamp [number} appears on the side
of the spray fip on the straight section. No other
identification appeors on the spray tip.

Fig. 3 - Injector Identification Chart

EFFECTIVE EFFECTIVE EFFECTIVE
STROKE STROKE o STROKE

NO IDUNG HALF FULL
INJECTION LOAD Qan s1l LOAD

Fig. 4 - Fuel Metering from No-Load 1o Full-
Load
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until the pressure force acting upward on the needle
valve is sufficient to open the valve against the
downward force of the valve spring. As soon as the
needle valve lifts off of its seat, the fuel is forced by
the plunger through the spray tip orifices causing
atomization and delivery into the combustion
chamber.

When the lower land of the plunger uncovers the
lower port in the bushing, the fuel pressure below the
plunger is relieved and the valve spring closes the
needle valve, ending injection.

A pressure relielf hole in the spring cage prevents
hydrostatic lock as a result of fuel leaking past the
needle into the spring cage.

A check valve, directly below the bushing, prevents
leakage from the combustion chamber into the fuel
injector in case the valve is accidentally held open by a
small particle of dirt. The injector plunger is then
returned to its original position by the injector
follower spring.

On the return upward movement of the plunger, the
area under the plunger within the bushing is again
filled with fuel oil through the ports. Recirculation of
fuel through the injector renews the fuel supply in the
injector, helps cool the injector and also effectively
removes ail traces of air which might otherwise
accumulate in the system.

Changing the position of the helix, by rotating the
plunger, increases or decreases the amount of fuel
injected into the cylinder. Figure 4 shows the various
plunger positions from no-injection to full-load, With
the control rack pulled out all the way to the no-fuel
position (no injection), the upper port is not closed by
the helix until after the Iower port is uncovered.
Consequently, all of the fuel is forced back out of the
bushing and no injection of fuel takes place. With the
control rack pushed all the way in (full load), the

BOTTOM

OF
s148 STROKE

Fig. 5- Phases of injector Operation Through
Vertical Travel of Plunger

upper port is closed shortly after the lower port has
been covered, thus producing a maximum effective
stroke and maximum injection. The rectangular upper
port in the bushing is unique to the Fuel Pincher
injector. It serves to provide more precise injection
timing.

General Instructions for Injector Care and
Qverhaul

The fuel injector is one of the most important and
precisely built parts of the engine. The injection of the
correct amount of fuel into the combustion chamber at
exactly the right time depends upon this unit. Because
the injector operates against high compression
pressure in the combustion chamber, efficient opera-
tion demands that the injector assembly is maintained
in first-class condition at all times. Proper maintenance
of the fuel system and the use of the recommended
type fuel filters and clean water-free fuel are the keys
to trouble-free operation of the injectors (see Sec. 2.3).

Due to the close tolerances of various injector parts,
extreme cleanliness and striet adherence to service
instructions is required.

Perform all injector repairs in a clean, well lighted
room with a dust free atmosphere. An ideal injector
room is slighily pressurized by means of an electric
fan which draws air into the room through a filter.
This pressure prevents particles of dirt and dust from
entering the room through the doors and windows. A
suitable air outlet will remove seclvent fumes along
with the outgoing air. Provide the injector repair rootn
with a supply of filtered, compressed air for drying the
injector parts after they have been washed. Use wash
pans of rust-proof material that are deep enough to
permit all of the injector parts to be completely
covered by the cleaning solvent when submerged in
wire baskets of 16 mesh wire screen. Use baskets
because they support the parts and avoid contact with
the dirt which settles at the bottom of the wash pans.

Rags should never be used for cleaning injector parts
since lint can clog passages of the injector when it is
assembled. A lint-free cleaning tissue is recommended
for wiping injector parts.

Remove Injector
1. Clean and remove the valve rocker cover.

2. Drain the cylinder head fuel gallery for a minimum
of 5 minutes prior to removing the injector. Loosen
the fuel line at the junction block allowing fuel to flow
faster. Carefully collect the drained fuel to ensure that
it does not hit the hot exhaust manifold.

©1981 General Mators Corp.
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NOTE: All fuel must be removed from the
cylinder head before removing the injector to
prevent the fuel from entering the cylinder and
causing hydrostatic lock or washdown.

3. Remove the two rocker shaft bolts and lift the
rocker arms away from the injector and valves.

4. Remove the injector clamp bolts.

3. Lift the injector from its seat in the cylinder head
inserting a pry bar in the slots provided in the injector
body. Cover the injector hole in the cylinder head w
keep out foreign material. Remove carbon from the
injector exterior in the area where the tip joins the nut
using wire buffing wheel J 7944. Avoid wire brushing
the spray holes to prevent damage.

6. Clean the exterior of the injector with clean solvent
and dry it with compressed air.

TEST INJECTOR

CAUTION: The fuel spray from an injector can
penetrate the skin. Fuel oil which enters the
blood stream can cause a serious infection.
Therefore, follow instructions and use the
proper equipment to test an injector.

If inspection does not reveal any external damage,
then perform the following series of tests to determine
the condition of the injector to avoid unnecessary
repair or replacement. Tests must be performed using
injector test oil J 26400 in both the Pop-N-Test fixture
J 29531 and the calibrator J 22410.

An injector that passes all of these tests may be
considered to be satisfactory for service without
disassembly, except for the visual check of the plunger.

However, an injector that fails one or more of the tests
is unsatisfactory. Perform all of the tests before
disassembling an injector to correct a deficiency.

Identify each injector and record the test results, the
pressure drop and the fuel output as indicated by the
following tests:

0196

Fig. 6 - Injector in tip concentricity
and rack freeness tester J 29584

Injector Control Rack, Plunger Movement and
Tip Concentricity Test '

Place the injector in the tip concentricity and rack
freeness tester J 29584 as shown in Fig. 6 with the
rack clevis pointing up.

With the injector control rack held in the no-fuel
position, operate the handle to depress the follower to
the bottom of its stroke. Then very slowly release the
pressure on the handle while moving the control rack
up and down until the follower reaches the top of its
travel (Fig. 7). If the rack falls freely the injector passes
the test. If the injector fails the rack freeness test,
either the plunger is scored or there is a misalignment
of the body, bushing, or nut due to irregular or dirty
parts. To test for tip concentricity, rotate the injector
slowly while reading the dial indieator. The total
reading should be less than .203mm (.008") to pass this
test. Irregular parts, dirty parts and misalignment can
cause excess tip run-out.

Visual Inspection of Plunger

An injector being tested should have the plunger
checked visually under a magnifying glass for
excessive wear or a possible chip on the bottom helix.

Page 4
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Fig. 7 - Checking Rack for Freeness
in Tester J 29584

Injector plungers cannot be reworked to change the
output. Grinding will destroy the hardened case at the
helix and result in chipping and seizure or scoring of
the plunger.

Remove the plunger from the injector and inspect it
as follows:

1. Support the injector, right side up, in holding fixture
J 29136 as shown in Fig. 8.

2. Compress the follower spring and rotate the
follower slightly until the roll pin lines up with the
relief slot in the body.

3. Remove the injector from the holding fixture. Turn
the injector upside down, to prevent the entry of dirt,
and catch the spring and plunger as they drop out.

4. Using lighted magnification equipment, visually
inspect the outside diameter and helix area for
undesirable surface conditions such as scoring, nicks,
chipping and erosion.

Fig. 8 - Removing Injector Follower

5. Check for sharp edges on that portion of the
plunger which rides in the gear. Remove any sharp
edges with 500 grit stone. Wash the plunger after
stoning it. '

6. Reinstall the plunger, follower and spring (refer to
Fig. 9). The plunger will fit freely into the gear when
properly aligned.

Installing Fuel Injector In Tester J 29531-A

1. Swing out the injector holder and raise the injector
clamp lever (see Fig. 10-A).

2. Clean the injector and lubricate the “O> rings with
test oil.

3. Install the injector into the injector holder with the
rack pointing outward. Rotate the injector 90° counter-
clockwise and lower the clamp lever, to properly locate
and seal the injector.

4. Swing the injector holder into the test position. (see
Fig. 10-B).

© 1985 General Motors Corp.
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Fig. 9 - Removing or Installing Follower,
Plunger and Spring

Purging Air From The System
1. Open the thru-flow shut off valve.
2. Place the pump lever in the vertical position.

3. Move the rocker arm engaging lever to the rear
detent as shown (Fig. 10-C).

4. Operate pump lever to produce test oil flow through
the injector. When air bubbles no longer pass through
the return line, the system is free of air and ready for
testing.

Injector Valve Opening and Spray Pattern Test
This test determines the spray pattern uniformity and

the relative pressure at which the valve opens and
injection begins.

1. Position the injector rack in the full-fuel position.
2. Piace the pump lever in the vertical position.

3. Move the rocker arm engaging lever to the forward
detent as shown {see Fig. 10-D).

4. Turn the indicator damping valve knob clockwise to
the closed position. Open the valve slightly during the
test, and adjust for the best reading. This controls the
rate of return of the Needle Valve Pop Indicator hand.
(The damper is on early models only).

5. Operate the pump lever uniformly and observe the
spray pattern produced as well as the pop indicator
value.

Some experimentation may be necessary to determine
the most effective rate at which the injector should be
stroked. The correct rate is the one that produces the
highest pop value, to fast or too slow will give low
readings.

The highest pop value will be reached just before

injection ends. The minimum pop value reading is

135.
NOTE: The reference pop values obtained when
pop testing the needle valve injectors is to be
used as a trouble shooting and diagnosis aid.
This allows comparative testing of injectors
without disassembly. Exact valve opening
pressure values can only be determined by the
needle valve tip test.

Injector External Leak Test

This test checks for leaks at the nut “Q” rings, nut-to-body
seal ring, and spray tip.

1. Place pump lever in the vertical position. Move the
rocker arm engaging lever to the rear detent position
as shown (Fig. 10-E).

2. Close the Thru-Flow valve, but do not overtighten
(Fig. 10-E).

3. Operate pump lever and slowly build up to 1380 kPa
(2000 psi) on the pressure gauge. Check for leakage.

Injector Pressure Holding Test

This test determines if the body-to-bushing sealing surfaces
in the injector are sealing properly and if the proper plunger-
to-bushing fit is acceptable.

Page 6
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Fig. 10 - Pop-N-Fixture (J 29531) Control Positions

1. With the Thru-Flow valve closed, operate the pump lever
until the gauge reads approximately 6895 kPa (1000 psi).
Continue to inspect the injector for external leaks.

2. Time the pressure drop from 3 100 to 1 723 kPa (450
to 250 psi). This pressure drop should not occur in less
than 15 seconds.

3. Refer to the Trouble Shooting charts in Sec. 2.0 if

the fuel injector does not pass any of the preceeding
tests.

4. If the fuel injector passes all of the above tests
proceed with the fuel output test.

Unclamping the Injector

1. Open the thru-flow vuive to release pressure in the
system.

2. Swing out the injector holder (Fig. 10-A).
3. Raise the injector clamp lever.

4. Rotate the injector clockwise 90°and remove from
the injector holder.

Needle Valve Tests

Remove the nut and remove all of the parts below the
bushing as outlined under Disassemble Injector.

Clean all the carbon from the spray tip seat in the injector
nut as outlined under Clean Injector Parts.

If the spray pattern test indicated that tip cleaning is
necessary, clean the carbon from the tip cavity below
the needle valve and orifices as outlined under Clean
Injector Parts.

Needle Valve Tip Test (using J 29531-A and Tip
Test Adaptor J 29531-100)

Remove injector nut and all of the parts below the
bushing as outlined under Disassemble Injector

1. With the Tip Test adaptor held securely, assemble
the cleaned injector parts including the check valve
cage, the injector valve spring, spring seat, spring cage
and spray tip assembly.

2. Carefully pilot the injector nut over the spray tip
and valve parts and thread it onto the tip test adaptor
J 29531-100.

3. Tighten the injector nut.

4. Insert the dp test adaptor and assembled injector
parts into the injector holder of tester } 29531 and
clamp as if testing and injector assembly.

©1985 General Motors Corp.
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5. Move the rocker arm engagement lever to the rear
position as in Fig. 10-C.

Spray Tip Test

1. Operate the pump lever until no more air is visible passing
through the return line.

2. Close the Thru-Flow vaive,

3. Operate the pump lever with smooth even strokes
(40 strokes per minute) and observe the pressure on
the fluid pressure gage. When the needle valve opens
allowing injection to occur the pressure gage should
read between 18 470 and 23 240 kPa (2700-3400 psi).
The opening and closing should be sharp and produce
a finely atomized spray.

4. If the valve opening pressure is below 18 470 kPa
(2700 psi) and/or atomization is poor, the cause is
usually a poor needle seat or a weak injector valve
spring.

If the valve opening pressure is within 18 470 - 23 240
kPa (2700-3400 psi} proceed to check for spray tip seat
leakage. Actuate the pump handle several times, then
hold the pressure at 10 300 kPa (1500 psi) for 15
seconds. Inspect the spray holes for leakage. There
should be no fuel droplets although a slight weiting of
the end of the 1ip is permissible.

If the spray tip seat is satisfactory, proceed; check the
hold time for a pressure drop of from 13 800 to
10 300 kPa (2000 to 1500 psi). The time should not be
less than 20 seconds. If the pressure drops from
13 800 to 10 300 kPa (2000 to 1500 psi) in less than 20
seconds, replace the needle valve and tip assembly.

The needle valve tip test can be performed using the J 23010
Pop-N tester with auxiliary tester J 22640 using sleeve
J 22640-32 or using the current self contained needle valve
tip tester J 22640-A.

If the needle valve assembly passes the above test, the
needie valve lift check can be omitted. To check the
needle valve lift, use tool J 9462-01 as follows:

l. Zero the indicator by placing the bottom surface of
the plunger assembly on a flat surface and zero the
indicator dial.

2. Place the spray tip and needle valve assembly tight
against the bottom of the gage with the quill of the
needle valve in the hole in the plunger as shown in
Fig. 11.
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Fig. 11 - Checking Needle Valve Lift

3. While holding the spray tip and needle valve
assembly tight against the gage, read the needle valve
lift on the indicator. The lift should be .25 mm (.010™)
to .35 mm (.014"); if it exceeds .35 mm (.014"), the tip
assembly must be replaced. If it is less than .25 mm
(.010") inspect for foreign material between the needle
valve and the tip seat.

4. If the needle valve lift is within the limits, install a
new needle valve spring and recheck the valve opening
pressure and valve action. Low valve opening pressure
or poor atomization with a new spring and seat
indicates the spray tip and needle valve assembly must
be replaced.

Reassemble the injector as outlined under Assemble
Injector and check 1t in the calibrator.

Fuel Output Test

The injector fuel output test can be performed in the
calibrator J 22410 with adaptors.

To check the fuel output operate the injector in the
calibrator as follows:

NOTE: Place the cam shift index wheel and fuel
flow lever in their respective positions as if
testing a 71 series injector. Turn on the test fuel
o1l heater switch and preheat the test oll to
35°to 40.5°C (95°t0 105°F). Install the fuel
block J 22410-76 in place of the standard fuel
block. Remove the seat assembly J 22410-226

Page 8
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Fig. 12 - Placing Injector and Adaptor in
Calibrator.

from the clamp cylinder ram of the calibrator
because it is not needed for this test.

1. Place the injector adaptor J 22410-520 between the
tie rods and engage it with the fuel block.

2. Place the injector and adaptor assembly J 22410-
520 into the adaptor J 22410-562 (cradle handle in
horizontal position) as shown in Fig. 12. Clamp the
injector into position by operating the air valve.

3. Pull the injector rack out to the no-fuel position.

4. Turn on the main power control circuit switch. Then

start the calibrator by turning on the motor starter
switch,

5. After the calibrator has started, and fuel pressure
has reached 241 kPa (33psi), set the injector tack into

the full-fuel position. Allow the injector 10 operate for
approximately 30 seconds to purge the air that may be
in the system. Watch for air in the clear discharge line
coming from the tip nose piece.

6. After the air is purged, press the fuel flow start
button (red). This will start the flow of the Fuel into
the vial. The fuel flow to the vial will automatically
stop after 1,000 strokes on some machines and 500
strokes on other machines. Three flow tesis are
necessary to determine accuraie injector output. The
first test warms the injector and purges the air. The
second test usually produces a good accurate reading.
The third test should also produce an accurate reading.
If the readings from test 2 and test 3 are the same, the
reading or output value can be considered accurate. if
they are not the same more tests are necessary until
repeatability is achieved.

7. Shut the calibrator off (the calibrator will stop in
less time if the injector rack remains at full-fuel).

8. Study the results and determine whether the injector
output is correct. Refer to Fig. 3 for specific injector
output. If the output is not correct, refer to the Trouble
Shooting Charts and Shop Notes in Section 2.0 for the
cause and remedy.

An injector which passes all of the above tests may be
put back into service. However, an injector which fails
to pass one or more of the tests must be rebuilt and
checked on the calibrator J 22410 and the pop stand
129531, Fig. 13.

Any injector which is disassembled and rebuilt must
be tested again before being placed in service.

Disaussemble Injector
If required, disassemble an injector as follows:

1. Support the injector upright in the injector holding
fixture J 29136 as shown in Fig. 9.

NOTE: Whenever a fuel injector is disassem-
bled, discard the external seal rings and replace
with new seal rings.

2. Compress the follower spring slightly and rotate the
follower counter clockwise until the roll pin aligns with
the release slot in body.

3. Remove the follower, plunger and spring as an
assembly.

© 1983 General Motors Corp.
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Fig. 13 - Injector Installed in Tester J 29531

4. Invert the injector and, wsing nut wrench J 29137
loosen and remove the nut from the injecter body.

5. Lift the injector nut straight up, being careful not to
dislodge the spray tip and valve parts. Remove the
spray tip and valve parts from the bushing and place
them in a clean receptacle until ready for assembly.

When an injector has been in use for some time, the
spray tip, even though clean on the outside, may not
be pushed readily from the nut with the fingers. In this
event, support the nut on a wood block and drive the
tip down through the nut using a plastic or wood block
50 as not to damage the tip.

6. Lift the bushing straight out of the injector bedy.
7. Remove the rack and gear.

a. Align the missing tooth of the gear with the
retaining pin.

b. Turn the body upside down and caich the gear in
your hand as it falls out of the body.

c. Withdraw the injector control rack from the
injector body.

Clean Injector Parts

Since most injector difficulties are the result of dirt
particles, it is essential that a clean area be provided
on which to place the injector parts after cleaning and
inspection.

Wash all of the parts with a suitable cleaning solvent
and dry them with clean, filtered compressed air. Do
not use textile waste or rags for cleaning purposes. Clean
out all of the passages, drilled holes and slots in all of
the injector parts.

Carbon on the inside of the spray tip may be loosened
for easy removal by soaking for approximately 15
minutes in a suitable solution prior to the external
cleaning and buffing operation. Methyl Ethyl Keytone
J 8257 solution is recommended for this purpose.

Clean the spray tip with tool J 24838.

The exterior surface of an injector spray tip may be
cleaned by using a brass wire buffing wheel, tool
J 7944, To obtain a good pelishing effect and longer
brush life, the buffing wheel should be installed on a
motor that turns the wheel at approximately 3000 rpm.

NOTE: Do not buff excessively. Do not use a
steel wire buffing wheel. Do not buff the spray
hole area or the spray tip holes may be distorted.
Wash the tip in solvent and dry it with
compressed air. Clean the spray tip orifices in an
ultrasonic cleaner.

After ultra sonic cleaning, wash the spray tip in clean
solvent and dry it with compressed air.

Carefully insert carbon remover tool J 295751 in the
injector nut. Turn it in a clockwise direction to remove
the carbon deposits on the flat spray tip seat. Remove
the carbon deposits from the lower tapered end of the
injector nut with carbon remover J 29575-2 in the same
manner. Use care to prevent removing any metal or
setting up burrs on the spray tip seat.

Wash the injector nut in clean solvent and dry it with
compressed air. Wash the plunger and bushing with
clean solvent and dry them with compressed air. Be
sure the high pressure bleed hole in the side of the
bushing is not plugged. If this hole is plugged, fuei
leakage will occur at the upper end of the bushing
where it will drain out of the injector body vent and
rack holes, during engine operation, causing a serious
lubricating oil dilution problem. Keep the plunger and
bushing together as they are mated parts.

After washing, submerge all the injector parts in a clean
receptacle containing clean injector test cil. Keep the
parts of each injector assembly together.

Page 10
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Q Chipping
1 Scoring/Errosion
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Fig. 14 - Injector Plunger and Bushing

Inspect Injector Parts

Inspect the injector follower and pin for wear. Refer to
Section 2.

Inspect the follower spring for visual defects. Then
check the spring with spring tester J 22738-02.

The injector follower spring 4.07 mm (.J60") diameter
wire has a free length of approximately 47.36 mm
(1.865") and should be replaced when a load of less
than 4350 N (98 lbs) will compress it to 31.7 mm
(1.248").

Check the seal ring area on the injector body for burrs
or scratches. Also check the surface which contacts the
injector bushing for scraiches, sculf marks or other
damage. If necessary, lap this surface. A faulty sealing
surface at this point will result in additional fuel
consumption and contamination of the lubricating oil.

Inspect the injector plunger and bushing for scoring,
erosion, chipping or wear (Fig. 14). Check for sharp
edges on that portion of the plunger which rides in the
gear. Remove any sharp edges with a 500 grit stone.

Wash the plunger after stoning it. Slip the plunger into
the bushing and check for free movement. Replace
the plunger and bushing as an assembly if any of the
above damage is noted. Injector plungers cannot be
reworked to change the output. Grinding will destroy
the hardened case at the helix and result in chipping
and seizure or scoring of the plunger.

Examine the spray tip seating surface of the injector
nut and spray tip for nicks, burrs, erosion or
brinelling. Use reamer J 29575-1 and resurface the
seat if necessary or replace the nut or tip if it is severly
damaged.

The injector valve spring plays an important part in
establishing the valve opening pressure of the injector
assembly. Replace a worn or broken spring.

Inspect the sealing surfaces of the injector parts.
Examine the sealing surfaces with a magnifying glass.
The slightest imperfections will prevent the injector
from operating properly. Check for burrs, nicks,
erosion, cracks, chipping and excessive wear. Also
check for enlarged orifices in the spray tip. Replace
damaged or excessively worn parts. Check the
minimum thickness of the lapped parts as noted in the
chart,

Examine the seating area of the needle valve for wear
or damage. Also examine the needle quill and its
contact peint with the valve spring seat. Replace
damaged or excessively worn parts.

Before reinstatling used injector parts, lap all of the
sealing surfaces. It is also good practice to lightly lap
the sealing surfaces of new injector parts which may
become burred or nicked during handling.

Minimum
Part Name Thickness

Spray Tip {shoulder) 5.11 mm (.201")
Check Valve Cage 5.99-6.04 mm (.236"-.238")
Check Valve 6.1 mm (.024")

15.35 mm {.604"})

Valve Spring Cage

MINIMUM THICKNESS (Used Parts)

© 1981 General Motors Corp.
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2.1.1  Fuel Injector

FUEL PINCHER

Lapping Injector Parts
Lap the sealing surfaces.

I. Clean the lapping blocks (} 22090) with compressed
air. Do not use a cloth or any other material for this
purpose.

2. Spread a good quality 600 grit dry lapping powder
on one of the lapping blocks.

3. Place the part to be lapped flat on the block and,
using a figure eight metion, move it back and forth
across the block. Do not press on the part, but use just
enough pressure to keep the part flat on the block. It is
important that the part be kept flat on the block at all
times.

4. After each four or five passes, clean the lapping
powder from the part by drawing it across a clean
piece of tissue placed on a flat surface and inspect the
part. Do not lap excessively (refer to the chart on
minimum thickness).

5. When the part is flat, wash it in clean solvent and
dry it with compressed air.

6. Place the dry part on the second block. After
applying lapping powder, move the part lightly across
the block in a figure eight motion several times to give
it a smooth finish. Do net lap excessively. Again wash
the part in clean solvent and dry it with compressed
air.

7. Place the dry part on the third block. Do not use
lapping powder on this block. Keep the part flat and
move it across the block several times, using the figure
eight motion. Lapping the dry part in this manner
gives it the “mirror” finish required for perfect
sealing.

8. Wash all of the lapped parts in clean solvent and
dry them with compressed air.

Assemble Injector

Use an extremely clean bench to work on and to place
the parts when assembling an injector. Also be sure all
of the injector parts, both new and used, are clean and
wetted with test oil.

Assemble Rack and Gear

Note the drill spot marks on the control rack and gear.
Then proceed as follows:

1. Hold the injector body, threaded end up, and slide
the rack through the hole in the body. Look into the

NUT

SEALS

&// SPRAY TP
NEEDLE [
VALVE

ﬂ/smue CAGE
—%

B___/VALVE SPRING

SPRING
SEAT

CHECK VALVE——_,

CAGE
<> CHECK VALVE
BUSHING
PLUNGER
CONTROL
SEAL RING

___— FOLLOWER

SPRING

&121
FOLLOWER

Fig. 15 - Injector Rack, Gear, Spray Tip and
Valve Assembly Details and Relative Location
of Parts
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FUEL PINCHER

Fuel Injector 2.1.1

Fig. 16 - Tightening Injector Nut by Hand
while Rotating Injector Spray Tip

body bore and move the rack until you can see the
drill marks. Hold the rack in this position.

2. Place the gear in the injector body so that the
marked tooth is engaged between the two marked
teeth on the rack as shown in Fig. 15.

3. If necessary install a new spring pin in the injector
body to retain the gear.

4. Align the locating slot in the bushing with the pin in

the injector body, then slide the end of the bushing
into place.

Assemble Spray Tip, Spring Cage and Check
Valve Assemblies
Refer to Fig. 15 and assemble the parts as follows:

. Support the injector body, bottom end up, in
injector holding fixture J 29136.

2. Place a new seal ring in the seal ring groove of the
body. Wet the seal ring with test oil.

3. Place the check valve centrally on the top of the

Fig. 17 - Tightening Injector Nut with Nut
Wrench J 29137 and fixture J 29136

bushing. Then place the check valve cage over the
check valve and against the bushing.

4. Insert the spring seat in the valve spring, then insert
the assembly into the spring tage, spring seat first.

5. Place the spring cage, spring seat and valve spring
assembly (valve spring down) on top of the check
valve cage.

6. Insert the needle valve, tapered end down, into the
spray tip. Then place the spray tip and needle valve on
top of the spring cage with the quill end of the needle
valve in the hole in the spring cage.

7. Lubricate the threads in the injector nut with test oil
and carefully thread the nut on the injector body by
hand. Rotate the spray tip between your thumb and
first finger (Fig. 16) while threading the nut on the
injector body. Tighten the nut as tight as possible by
hand. At this point there should be sufficient force on
the spray tip to make it impossible to turn with your
fingers.

8. Use injector nut wrench J 29137 and a torque
wrench (Fig. 17) to tighten the injector nut to 95-108
Nm (70-80 1b-ft) torque.

NOTE: Do not exceed the specified torque.
Otherwise, the nut may be stretched and result
in improper sealing of the lapped surfaces in
the subsequent injector overhaul. Over tighten-
ing can also cause a tight rack. ;

© 1981 General Motors Corp.
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FOLLOWER
FOLLOWER

SPRING

PLUNGER

CONTROL
RACK

6122

Fig. 18 - Injector Plunger, Follower and
Relative Location of Parts

Assemble Plunger and Follower

1. Refer to Fig. 18 and slide the head of the plunger
into the follower,

2. Invert the injector in the injector holding fixture
(follower end up) and push the rack all the way in.
Then place the follower spring on the injector body.

3. Align the flat side of the plunger with the guide slot
in the injector body. Align the spring pin in the
follower with the release slot in the injector body.
Press down on the follower while rotating clockwise
(Fig. 8) until it contacts the guide slot and then release
the follower.

Check Spray Tip Concentricity and Rack
Freeness

To assure correct alignment check the concentricity of
the spray tip as follows:

1. Place the injector in the rack freeness and tip
concentricity gage J 29584 and adjust the dial
indicator to zero.

2. Rotate the injector 360°and note the total run-out
as indicated on the dial.

3. If the total run-out exceeds 0.2 mm (.008"), remove
the injector from the gage. Loosen the injector nut,
rotate the spray tip and tighten the nut to 95-108 Nm
(70-80 1b-ft) torque. Recheck the spray tip concentric-
ity. If, after several attempts, the spray tip cannot be
positioned satisfactorily, inspect and clean the injector
parts.

4. After depressing the follower, release it slowly,
checking to see if the rack falls freely when moved in
and out by hand. If the rack hangs up, disassemble to
clean and align the parts. Reassemble and test the
injectors.

Test Reconditioned Injector

Before placing a reconditioned injector in service,
perform all of the tests (except the visual inspection of
the plunger) previously outlined under Test Infector.

NOTE: The spray tip should be checked for pop
pressure and atomization before assembly. The
injector is satisfactory if it passes these tests.
Failure to pass any one of the tests indicates
that defective or dirty parts have been
assembled. In this case, disassemble, clean,
inspect, reassemble and test the injector again.

Install Injector

Before installing an injector in an engine, remove’ the
carbon deposits from the beveled seat of the injector
tube in the cylinder head. This wili assure correct
alignment of the injector and prevent any undue
stresses from being exerted against the spray tip.

Use injector twbe bevel reamer J 29124-4, Sec-
tion 2.1.4, to clean the carbon from the injector tube.
Exercise care to remove ONLY the carbon so that the
proper clearance between the injector body and the
cylinder head is maintained. Pack the flutes of the
reamer with grease to retain the carbon removed from
the tube.

Page 14
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Fuel Injector 2.1.1

Lubricate the “O” rings with engine oil. Be sure that
the larger external “O” ring is installed in the top seal
ring groove in the injector nut, and that the smaller
external “O” ring is installed in the lower seal ring
groove. Install the injector in the engine as follows:

1. Insert the injector into the injector tube.

2. Rotate the injector rack control level over so that it
registers with the injector rack.

3. Clamp the injector in place with the two 6 mm bolts.

Tighten the bolts to 10-12 Nm (7 - 9 1b-ft) torque. Do
not over torque these bolts.

NOTE: Check the injector control rack for free
movement. Excess torque can cause the control
rack to stick or bind causing the engine to stall
or hunt.

NOTE: Keep the plunger and bushing together
as they are mated parts.

® 1982 General Motors Corp.
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FUEL INJECTOR TUBE

The bore in the cylinder head for the fuel injector is
directly through the cylinder head water jacket. To
prevent coolant from contacting the injector and still
maintain maximum cooling of the injector, a tube is
pressed into the injector bore. This wbe is sealed with
a ring seal and upset into the flare on the lower side of
the cylinder head to create water-tight and gas-tight
joints at the top and bottom.

NOTE: Ii is recommended,that the injector tube
be replaced with new parts at the time of
engine overhaul,

Remove Injector Tube

When removal of an injector tube is required, use
injector tube service tool set 1 29124 as follows:

1. Remove, disassemble and clean the cylinder head as
outlined in Section 1.2.

2. Place the injector tube installer T 29124-17 in the
injector tube. Insert the pilot J 29124-2 through the
small opening of the injector tube and thread the pilot
into the tapped hole in the end of the installer Fig. 1.

3. Tap on end of pilot J 29124-2 using a brass
hammer or fiber mallet. Carefuily drive and lift the
injector tube, installer and pilot from the cylinder
head. Then remove the injector tube “O” ring located
in the cylinder head casting at the upper end of the
injector tube bore.

Install Injector Tube

Thoroughly clean the injector tube hole in the cylinder
head to remove any dirt, burrs or foreign material that
may prevent the tube from seating at the lower end or
sealing at the upper end. Excess material in the form
of a small copper ring will be left at the lower end of
the injector tube counterbore after the injector tube
has been removed. This copper ring will have to be
removed using a suitable sharp pointed tool.

l. Lubricate the Viton injector tube sealing “O" ring
with engine oil and place it in the groove of the
cylinder head injector tube counterbore.

NOTE: DO NOT lubricate the outside of the
injector tube or inside the cylinder head
injector tube bore to facilitate installation of
the tube. Lubricant will cause the tube to turn
during reaming or rolling operations possibly
damaging the injector tube or reamers.

2. Install the injector tube on the injector tube installer
J 29124-17 (Fig. 2). Next, insert the pilot J 29124-2
through the small opening of the injector tube. Thread
pilot J 29)24-2 into the injector tube installer J 29124-
17. Install the injector tube installer, injector tube, and
pilot into the injector bore.

3. Tap the injector tube and tool assemblies into the
injector bore and carefully drive into place using a
brass hammer or fiber mallet as shown in Fig. 2.

4. Tighten the injector tube holder bolts.
5. Do not exceed [0-12 Nm (7-9 Ib-ft) torque on the

hold down bolts. After the holder belis have been
tightened, tap the tube installer once more 10 ensure

t— J29124-17

SEAL
RING

INJECTOR
TUBE

iy iy
JR S |

L6113

1

J29124-2

Fig. 1 - Removing Injector Tube
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2.1.4 Fuel Injector Tube
PN
129124-17
[
=¢ =
:"i
|
[
vt /
L-6116
~—129124-2

Fig. 2 - Installing Injector Tube

the tube is properly seated and recheck the tube holder
bolts for tightness,

6. Remove pilot J 29124-2 and installer I 29124-17
from the injector tube.

NOTE: Due to the “stack-up™ of rtolerances
involved, there may be a few occasions when
the tube tip will close in and pinch the pilot. If
this situation 1$ encountered, use pliers on the
pilot handle (knurled portion only) to facilitate
its removal.

Roll Injector Tube

With the injector tube properly positioned in the
cylinder head, roll the lower end of the injector tube as
follows:

-

)

ondl
N

"[ L8117

T——J129124-13

[ 129124-15

Fig. 3 - Rolling End of Injector Tube

1. Install the roller J 29124-13 in the adaptor J 29124-
16. Position the roller assembly into the njector tube
small end. Use a 3/8" drive speedhandle and the
adaptor J 29124-16 1o turn the roller drive as shown in
Fig. 3.

NOTE: Put a few drops of light engine oil on
the small rollers of the roller assembly for
lubrication before inserting it into the injector
tube small end. When debris becomes apparent
on the smail rollers of the roller assembly,
cleaning of the rollers in a solvent will be
necessary.

2. The roller J 29124-13 must be held perpendicular to
the firedeck of the cylinder head when being rotated.
Turn the roller clockwise applying a slight pressure to
the speedhandle until it forces the small rollers firmly
against the inside of the lower end of the injector tube.

Page 2
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Fuel Injector Tube 2.1.4

be—=129124-4

L-sns

Fig. 4 - Reaming injector Tube for Injector
Body Nut and Spray Tip

3. Continue applying pressure and rotating the tool
clockwise to roll the end of the tube firmly against the
cylinder head casting tube opening.

4. After several clockwise rotations of the tool, turn the
roller drive counterclockwise and remove it from the
tube end by pulling it outward.

5. Check the small inside diameter of the injector tube
using the go, no-go gage J 29124-11. When the tube
(small 1.D.) has been rolled to the proper dimension,
only the ground end of the go, no-go gage wili fit into
the injector tube. If the small 1.D. has been rolled too
large, the second ground step on the gage will also go
into the tube. If the small LD. of the tube has been
rolied too large, the injector hole tube will have o be
replaced.

6. If the first step on the go, no-go gage will not insert
into the tube, the roller J-29124-13 will have to be
reinstalled and the tube rolled to a larger dimension.
Repeat sequence until the small 1.D. of the injector
tube is rolled to the proper dimensijon.

NOTE: Care should be taken to ensure the tube
small ID. is not rolled too large during the
rolling operation. When the rolling operation
has been completed, the injector tube holder
J 29124-17 must be removed before the
reaming operation,

Ream Injector Tube

After an injector tube has been installed in a cylinder
head, and the tube small 1.D. has been rolled it must
be finished in two operations. First, it must be hand
reamed to receive the spray tip and provide a good
seating surface for the bevel or the lower end of the
injector nut. Second, the tube must be spor-faced 1o
remove excess stock at the lower end of the injector
tube.

NOTE: The reamer should be turned in a
clockwise direction only, both when inserting
and when withdrawing the reamer, because
movement in the opposite direction will dull the
(sharpened) cutting edges of the flutes.

1. The tapered lower end of the injector tube must
provide a smooth and true seat for the lower end of
the injector nut to effectively seal the cylinder

Fig. 5 - Refinish Injector Tube Tip

ic} 1981 General Motors Corp.
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L-6120
\ FLUSH
* 36mm (= 0147

Fig. 6 - Measuring Relationship of Gage to
Cylinder Head Fire Deck

pressures and properly position the injector tip into
the combustion chamber. Carefully install the reamer
J 29124-4 into the injector wube until the smaller set of
flutes contact the tube end as shown in Fig. 4.

NOTE: The injecter tip protrusion into the
combustion chamber should measure from 2.85-
3.85 mm (.122"-.152").

2. Using a (12 pt. 23mm) socket and rachet or
speedhandle, make a trial cut by turning the reamer
steadily without applying any downward force on the
reamer. Remove the reamer, blow out the chips, and
look at the small 1.D. of the tube and bevel seat o see
what portion of the tube’s L.D. and seat has been cut.

3. Proceed carefully with the reaming operation,
withdrawing the reamer occasionally to observe the
reaming progress. After the small I.D. of the injector
tube has been fully reamed, the excess injector tube
material on the firedeck surface of the cylinder head
will have to be removed.

4. Remove excess stock.

a. With the cylinder head firedeck in a workable
position, insert the pilot J 5286-8 tube tip
refinisher into the small hole of the injector tube
as shown in Fig. 5.

b. Then, using a (12 pt. 15 mm) socket and
speedhandle, wrn the refinisher to remove excess
stock so that the lower end of the injector tube is
from flush to ,i3 mm {.005") below the firedeck
surface of the cylinder head.

c. Remove the chips from the injector tube. Then,
using a protrusion gage J 29124-5 as a gage,
continue the injector tube beveled seat reaming
operation until the gage end is from flush 1o *+ .36
mm (+.014") with the firedeck surface of the
cylinder head as shown in Fig. 6. A sled gage
with a dial indicator is used to measure the
protrusion gage dimension.

Page 4
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2.2

FUEL PUMP (GEAR TYPE)

The positive displacement gear-type fuel pump
(Fig. 1) transfers fuel from the supply tank to the fuel
injectors. The pump circulates an excess supply of fuel
through the injectors which purges the air from the
system and cools the injectors. The unused portion of
{pel returns to the fuel tank by means of a fuel return

ine,

BOLT ] PLUG GASKET SPRING

DRIVEN _gf8
GEAR —

: _’_J g BODY
’ » RELIEF
VALVE

DRWVEN'
SHAFT ~

STEEL
BALL

DRIVE
SHAFT

6404

COVER W GEAR DOWEL OIL SEAL

Fig. 1 - Typical Fuel Pump Assembly

The fuel pump is attached to an adaptor mounted
on the governor weight housing and is driven through
a drive coupling by the governor weight shaft (Fig. 2).

BREATHER

Fig. 2 - Fuel ump Mounting

The fuel pump cover and body are positioned by
two dowels. The dowels aid in maintaining gear shaft
alignment. The mating surfaces of the pump body and
cover are perfectly flat ground surfaces. No gasket is

used between the cover and body since the pump
clearances are set up on the basis of metal-to-metal
contact. A very thin coat of sealant provides a seal
against any minute irregularities in the mating
surfaces. Cavities in the pump cover accommodate the
ends of the drive and driven shafts,

The fuel pump body is recessed to provide
running space for the pump gears (Fig. 3). Recesses
are also provided at the inlet and outlet positions of the
gears. The small hole “A” permits the fuel oil in the
inlet side of the pump to lubricate the relief valve at its
outer end and to eliminate the possibility of a
hydrostatic lock which would render the relief valve
inoperative. Pressurized fuel contacts the relief valve
through hole “B” and provides for relief of excess
discharge pressures. Fuel reenters the inlet side of the
pump through hole *C” when the discharge pressure
is great enough to move the relief valve back from its
seat. Part of the relief valve may be seen through hole
“C”. The cavity *“D” provides escape for the fuel oil
which is squeezed out of the gear teeth as they mesh
together on the discharge side of the pump. Otherwise,
fuel trapped at the root of the teeth would tend to force
the gears apart, resulting in undue wear on the gears,
shafts, body and cover.

Two oil seals are pressed into the bore in the
flanged side of the pump body to retain the fuel oil in
the pump and the lubricating oil in the governor (Fig.

1). The oil seals are installed with the lips of the seals
facing each other. A small hole “E” (Fig. 3) serves as
a vent passageway in the body, between the inner oil
seal and the suction side of the pump, which prevents
building up any fuel oil pressure around the shaft ahead
of the inner seal.

Some fuel oil seepage by the fuel pump can be
expected, both with a running engine and immediately
after an engine has been shut down. This is especially
true with a new fuel pump and/or new pump seals, as
the seals have not yet conformed to the pump drive
shaft. Fuel pump seais will always allow some seepage.
Tapped holes in the pump body are provided to prevent
fuel oil from being retained between the seals.
Excessive fuel retention between the seals could
provide enough pressure to cause engine oil dilution by
fuel, therefore, drainage of the excess fuel oil is
mandatory. However, if leakage exceeds one drop per
minute, replace the seals.

The drive and driven gears are a line-to-line to a
025 mm (.001") press fit on their shafis. The drive gear
drive gear is provided with a gear retaining ball to
locate the gear on the shaft.

A spring-loaded relief valve incorporated in the
pump body normally remains in the closed position,
operating only when pressure on the outlet side (to the
fuel filter) reaches approximately 448 kPa (65 psi).

® 1985 General Motors Corp.
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PLUG GASKET PIN  SPRING DRIVE ‘ DRIVE
GEAR ' @ SHAFT

RELIEF VALVE

DRIVEN

A —RELIEF VALVE YENT TO SUCTION SIDE

B —PASSAGE TO HEAD OF RELIEF VALVE—
PRESSURE SIDE

C —PASSAGE FROM RELIEF VALVE—
SUCTION SIDE

D —GEAR TEETH YENT CAVITY

E —OIL SEAL VENT TO SUCTION SIDE

Fig. 3 - Fuel Pump Valving and Rotation (Right Hand Pump Shown) .

Operation Disassemble Fuel Pump

In operation, fuel enters the pump on the suction With the fuel pump removed from the engine and
side and fills the space between the gear teeth which are ~ mounted in holding fixture J 1508-10 (Fig. 4), refer to
exposed at that instant. The gear teeth then carry the  Figs. 1 and 6 and disassemble the pump as follows:
fuel oil to the discharge side of the pump and, as the =
gear teeth mesh in the center of the pump, the fuel is ¥ : / i
forced out into the outlet cavity. Since this is a ‘ . TN < g
continuous cycle and fuel is continually being forced
into the outlet cavity, the fuel flows from the outlet
cavity into the fuel lines and through the engine fuel .
system under pressure. '

The pressure relief valve relieves the discharge
pressure by bypassing the fuel from the outlet side of
the pump to the inlet side when the discharge pressure
reaches approximately 448 to 517 kPa (65 to 75 psi).

The fuel pump should maintain the fuel pressure
at the fuel inlet manifold (see Section 13.2).

Remove Fuel Pump HOLDING

) ) L. FIXTURE
1. Disconnect the fuel lines from the inlet and outlet

openings of the fuel pump.

2. Disconnect the drain tube, if used, from the fuel
pump. '

3. Remove the three pump attaching bolts and
withdraw the pump from the mounting adaptor
on the governor housing.

4. Check the drive coupling and, if broken or worn,
replace it with a new coupling.

Fig. 4 - Removing Fuel Pump Cover
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FUEL PUMP 2.2

1. Remove the eight cover bolts and withdraw the
pump cover from the pump body. Use care not to
damage the finished faces of the pump body and
cover,

2. Withdraw the drive shaft, drive gear and gear
retaining ball as an assembly from the pump
body.

3. Press the drive shaft just far enough to remove the
steel locking ball. Then, invert the shaft and gear
assembly and press the shaft from the gear. Do
not misplace the steel ball . Do not press the
squared end of the shaft through the gear as slight
score marks will damage the oil seal contact
surface.

4. Remove the driven shaft and gear as an assembly
from the pump body. Do not remove the gear
from the shaft . The driven gear and shaft are
serviced only as an assembly.

5. Remove the relief valve plug and copper gasket.

6. Remove the valve spring, pin and relief valve
from the valve cavity in the pump body.

7. If the oil seals need replacing remove them with
oil seal remover J 1508-13 (Fig. 5). Clamp the
pump body in a bench vise and tap the end of the
tool with a hammer to remove the outer and inner
seals. Observe the old seals to permit installation
of the new seals in the same position.

.

v

Fig. 5 - Removing “ Seals

Inspection

Clean all of the parts in clean fuel oil and dry
them with compressed air.

Oil seals, once removed from the pump body,
must be discarded and replaced with new seals.

Check the pump gear teeth for scoring, chipping
or wear. Check the ball slot in the drive gear for wear.
If necessary, replace the gear.

Inspect the drive and driven shafts for scoring or
wear. Replace the shafts, if necessary. The driven shaft
1s serviced as a gear and shaft assembly only.

The mating faces of the pump body and cover
must be flat and smooth and fit tightly together. Any

scratches or slight damage may result in pressure leaks.
Also, check for wear at arecas contacted by the gears
and shafts. Replace the pump cover or body, if
necessary.

The relief valve must be free from score marks
and burrs and fit its seat in the pump body. If the valve
is scored and cannot be cleaned up with fine emery
cloth or crocus cloth, it must be replaced.

Assemble Fuel Pump

Refer to Figs. 1, 3 and 6 and assemble the pump
as follows:

1. Lubricate the lips of the oil seals with a light coat
of vegetable shortening, then install the oil seals
in the pump body as follows:

a. Place the inner oil seal on the pilot of the
installer handle J 1508-8 so that the lip of
the seal will face the shoulder on the tool.

b. With the pump body supported on wood
blocks (Fig. 7) insert the pilot of the
installer handle in the pump body so that
the seal starts straight into the pump flange.
Then, drive the seal in until it bottoms.

c. Place the shorter end of the adaptor
J 1508-9 over the pilot and against the
shoulder of the installer handle. Place the
outer oil seal on the pilot of the installer
handle with the lip of the seal facing away
from the adaptor. Then, insert the pilot of
the installer handle into the pump body and
drive the seal in (Fig. 8) until the shoulder
of the adaptor contacts the pump body.
Thus, the oil seals will be positioned so that
the space between them will correspond
with the drain holes located in the bottom
of the pump body.

2. Clamp the pump body in a bench vise {equipped
with soft jaws) with the valve cavity up. Lubricate
the outside diameter of the valve and place it in
the cavity with the hollow end up. Insert the
spring inside of the valve and the pin inside of the
spring. With a new gasket in place next to the
head of the valve plug, place the plug over the
spring and thread it into the pump body. Tighten
the 1/2”-20 plug to 24-33 N-m (18-24 Ib-ft)
torque.

3. Install the pump drive gear over the end of the
drive shaft which is not squared (so the slot in the
gear will face the plain end of the shaft). This
operation is very important, otherwise fine score
marks caused by pressing the gear into position
from the square end of the shaft may cause rapid
wear of the oil seals. Press the gear beyond the
gear retaining detent. Then, place the ball in the
detent and press the gear back until the end of the
slot contacts the ball.

4. Lubricate the pump shaft and insert the square
end of the shaft into the opening at the gear side
of the pump body and through the oil seals (Fig.

9.
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2.2 FUEL PUMP o DETROIT DIESEL 8.2 L
OIL SEALS GASKET PUMF, BODY DRIVE SHAFT DRIYE GEAR  PUMP
COVER =
114‘_
4
(‘if ’
<
i
DOWEL GEAR DRIVEN GEAR - .
RETAINING AND SHAFT
BALL
\ WGASKET
—
DRIVE RELIEF PIN PLUG
COUPLING VALVE
204 [

Fig. 6 - Fuel Pump Details and Relative Location of Parts {Right Hand Pump Shown)

Fig. 7 - Installing Inner Qil Seal

Fig. 8 - Installing Quter Oi! Seal

5. Place the driven shaft and gear assembly in the

pump body. the gear teeth of the production gear must face the

pump body. If a service replacement gear with a slot
is used, the slot must face toward the pump cover.

The driven gear must be centered on the shaft to
give proper end clearance. Also, the chamfered end of
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FUEL PUMP 2.2

Fig. 9 - Installing Fuel Pump Orive Shaft and Gear
Assembly

6. Lubricate the gears and shafts with clean engine
oil.

. 7. Apply a thin coat of quality sealant on the face
of the pump cover outside of the gear pocket area.
Then, place the cover against the pump body with
the two dowel pins in the cover entering the holes
in the pump body. The cover can be installed in
only one position over the two shafts.

10.

11.

NOTICE: The coating of sealant must be
extremely thin since the pump clearances have
been set up on the basis of metal-to-metal contact.
Too much sealant could increase the clearances
and affect the efficiency of the pump. Use care that
sealant is not squeezed into the gear compartment,
otherwise damage to the gears and shafts may
result.

Secure the cover in place with eight bolts and lock
washers, tightening the bolts alternately and
evenly.

After assembly, rotate the pump shaft by hand to
make certain that the parts rotate freely. If the
shaft does not rotate freely, attempt to free it by
tapping a corner of the pump.

Install new plain 1/8" pipe plugs in the upper
unused drain holes.

If the pump is not to be installed immediately,
place plastic shipping plugs in the inlet and outlet
openings to prevent dirt or other foreign material
from entering the pump.

install Fuel Pump
1.

Affix a new gasket to the pump body mounting
flange and locate the pump drive coupling over
the square end of the fuel pump drive shaft.
Install the fuel pump on the adaptor and secure
it with three bolts.

Connect the inlet and outlet fuel lines to the fuel
pump.

Connect the fuel pump drain tube, if used, to the
pump body.

If the fuel pump is replaced or rebuilt, prime the
fuel system before starting the engine. This will
prevent the possibility of pump seizure upon
initial starting.

© 1985 General Motors Corp.
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2.3

FUEL FILTER (SPIN-ON)

FUEL
FILTER

LUBRICATING OIL
FILTERS

Fig. 1 - Fuel Filter Mounting

A spin-on type fuel filter is used on the Fuel Pincher
engine. The spin-on filter cartridge consists of a shell,
element and gasket combined intoc a unitized
replacement assembly. No separate springs or seats are
required to support the filters.

The filter covers incorporate a threaded sleeve to
accept the spin-on filter cartridges. The word
“Secondary”™ is cast on the fuel filter cover for
identification.

Neo drain cocks are provided on the spin-on filters.
Residue may be removed by turning off the filter and
inverting it. Refill the filter with clean fuel oil before
reinstalling it.

Filter Replacement

Using a suitable band wrench or oil filter wrench
J 22775 remove and replace the filter as follows:

1. Unscrew the filter and discard it.
2. Fill a new filter replacement cartridge about two-
thirds full with clean fuel oil. Coat the gasket lightly

with clean fuel oil.

3. Install the new filter turning it until it contacts the
gasket, then turn for an additional one half turn.

4. Start the engine and check for feaks.

©) 1981 General Motors Corp.
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2.7.1.2

Limiting Speed Mechanical Governor

The limiting speed mechanical governor (Figs. 1 and
2), performs the following functions:

L. Controls the engine idle speed.
2. Limits the maximum operating speed of the engine.

The double-weight governor, identified by the letters
D.W.-LS. stamped on the governor name plate is
attached to the engine block between the cylinder
banks. One end of the governor weight shaft is pressed
into a gear which is driven by the cam gear to provide
4 means of driving the governor. The other end of the
shaft is used to drive the fuel pump.

The governor consists of four basic sub-assemblies: a
cover and lever assembly, governor housing, spring
housing, and a weight and shaft assembly. A 12 volt
pull type solenoid shutdown is mounted on the
gOVernor.

Fig. 1 - Governor Mounted on Engine

Operation

Two manual controls are provided on the governor: a
stop lever and a speed control lever. In the RUN
position, the stop lever allows the fuel injector racks to
move near the full-fuel position. When the engine is
started, the governor moves the injector racks toward
the idle speed position. The engine speed is then
controlled manually by moving the speed control lever.

The centrifugal force of the revolving governor
weights is converted into finear motion which is
transmitted through the riser and operating shaft to
the operating shaft lever. One end of this lever bears
against the governor spring cap while the other end
provides a moving fulcrum on which the differential
lever pivots.

In the low speed range, the centrifugal force of the low
speed weights and the high speed weights operates
against the low speed spring. As the engine speed
increases, the centrifugal force of both pairs of
weights compresses the low speed spring until the low
speed weights have reached the limit of their travel, at
which time the low speed spring is fully compressed
and the spring cap iIs within .07 mm (003") of the
high speed spring plunger.

Throughout the intermediate speed range, the operator
has complete control of the engine because both the
low speed spring and the low speed weights are not
exerting enough force to overcome the high speed

spring.

As the engine speed continues to increase, the
centrifugal force of the high speed weight increases
unti} this force overcomes the high speed spring and
the governor again takes control of the engine,
limiting the maximum engine speed.

Fuel rods are connecied to the equalizing lever and the
injector control tube levers through the control link
lever. This arrangement provides a means for the
governor to change the fuel settings of the injector
control racks.

To stop the engine, the speed control lever is moved to
the idle speed position and the solenoid is de-
energized or the stop lever is moved to the no-fuel
position and held there until the engine stops.

Adjustment  of the covered in

Section 14.3.2.

governor s
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fig. 2 - Governor Details

Lubrication

The governor is lubricated by splash lubricating oil,
from the gear train in the block, which drains into the
governor weight housing. The governor weights sling
this oil to various parts of the governor. Excess oil
overflows into the gear train compartments and
returns to the crankcase.

and Relative Location of Paris

Remove Governor From Engine

Check the governer and if it fails to control the engine
properly, remove and disassemble it for further
inspection,

Since the fuel pump is mounted on the governor it will
be removed at the same time as the governor
assembly.

1. Loosen the hose clamps and slide the hoses back on
the fuel rod covers. Disconnect the fuel control rods.

Page 2
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Limiting Speed Governor 2.7.1.2

2. Disconnect the linkage to the governor control
levers. Also disconnect the fuel lines at the fuel pump.

3. Remove the four governor attaching bolts and
remove the governor from the block. Identify and
make note of the one shoulder bolt location for proper
reassembly.

4. Remove the fuel pump and adaptor then check the
clearance between the governor housing wall and each
of the fully extended weights. If this clearance is less
than 2.0 mm (.080"), the weights or carrier are worn
and must be replaced.

NOTE: The weight carrier is hardened in the
weight stop areas and the stop area on the high
speed weights has been increased with the use
of new intermediate laminations to prevent
wear which could allow the weights to open
beyond limits and strike the governor housing
wall.

Disassemble Governor Cover
Disassemble the governor cover (Fig. 3) as follows:

1. loosen the clamping bolt and remove the speed
control lever.

2. Remove the retaining ring and two seal retaining
washers and withdraw the throttle shaft assembly from
the cover.

3. Remove the seal ring from the cover.

4. Loosen the clamping bolt and remove the stop lever.
5. Remove the retaining ring and two seal retaining
washers and withdraw the stop lever shaft from the
COver,

6. Remove the seal ring from the cover.

7. Wash the governor cover with clean fuel oil and
inspect for wear or damage.

Disassemble Governor Springs
Disassemble the governor spring assembly as follows:

1. Remove the low speed spring cap, spring and spring
seat from the spring plunger.

2. Depress the high speed spring by hand and remove
the idle speed adjusting screw lock nut. The spring
retainer and high speed spring may then be
withdrawn. Remove the idle speed adjusting screw
from the spring plunger.

Disassemble Governor
1. Remove the governor buffer screw and spring.

2. Remove the spring pin and washer from the control
link lever pin and withdraw the control link lever and
washer.

3. Remove the plug at the bottom of the governor
housing.

4. Remove the bearing retaining screw.

5. Remove the screws from the governor operating
fork.

6. Remove the operating shaft by placing the inveried
governor housing on the bed of an arbor press; use
wood block(s) to prevent damage to the dowel pins in
the housing. Press on the shaft, using a rod small
enough to pass through the housing hole, until it is
free.

7. Withdraw the operating shaft, operating shaft lever
and bearings.

8. Press the shaft from the operating shaft lever and
the upper bearing.

1/4"-20 ‘ Z& THROTTLE
BOLT @ — _ LEVER
@‘-’M

fz's?e:

RETAINING RING BOLY

B v
E/’ 9 et
RIN

STOP LEVER
SHAFT
ASSY.

= COVER

THROTTLE
SHAFT ASsY,

GASKET

Fig. 3 - Governor Cover Details and Relative
Location of Parts

¢! 1981 General Motors Corp.

January, 1981 SEC. 2.7.1.2 Page 3



2.7.1.2 Limiting Speed Governor

FUEL PINCHER

9. Remove the gear and the spacer from the shaft.

10. Remove the governor weight shaft and carrier
assembly from the housing by pressing through the
bearing.

11. Remove the snap ring, then the weight shaft
bearing from the housing.

Disassemble Governor Weights and Shaft

I. Remove the retaining rings from the governor
weight pins. Then, drive the pins out by tapping on a
punch held against the grooved end of the pins.
Remave the governor weights.

2. With the shaft and weight carrier suitably supported
on the bed of an arbor press, press the shaft from the
governor weight carrier.

3. Stide the governor riser and bearing assembly from
the shaft.

4, Tap the governor weight shaft bearing from the
shaft. If the bearing is a tight fit use a spacer against
the inner race of the bearing, press ot tap the bearing
from the support.

Inspection

Clean all of the parts with fuel cil and dry them with
compressed air.

Inspect all of the bearings. Replace corroded or pitted
bearings. Revolve ball bearings slowly by hand.
Replace bearings which indicate rough or tight spots.

Examine the riser thrust bearing for excessive wear,
flat spots or corrosion. If any of these conditions exist,
install a new riser thrust bearing assembly.

Inspect the control link lever, and control link lever
pin for wear. Replace worn parts. If a new control link
lever pin is required, remove the old pin and press the
new pin in.

Examine the weight carrier, weights and pins. Replace
worn parts.

Inspect the governor springs. spring seat, spring cap,
plunger, spring retainer, adjusting screws and other
parts of the governor housing for wear.

Assemble Governor Cover
Assemble the governor cover as follows:

I. Pack the cover hole with grease. Then, slide the
throttle shaft assembly through with the fulcrum lever
pin seated in the slot on the underside of the cover.

2. Install a new seal ring on top. Then, instalt the wo
seal retaining washers and the retaining ring. Make
sure the stepped washer is inverted to hold the seal
ring in position.

3. Lubricate the stop lever shaft with engine oil. Then
slide the shaft through the cover.

4. Install a new seal ring over the shaft. Then, install
the two seal retaining washers and the retaining ring.
Make sure the stepped washer is inverted to hold the
seal ring in position.

5. Install the stop lever and speed control lever, then
tighten the clamping bolts.

Assemhle Governor Weights and Shaft

Assemble the governor weights and shaft (Fig. 4) as
follows:

l. Lubricate the governor weight shaft with clean
engine oif and slide the riser assembly over the shaft.

2. Press the shaft into the weight carrier. Minimum
press §it should be 3400 N. {764 ibs).

3. Position the low speed weights, identified by the
short cam arm, on opposite sides of the weight carrier.
Drive the weight pins in place and install the retaining
rings. To install a weight pin correctly, push the
grooved end through the smaller hole in the carrier
and through the weight. Then, drive the knurled end
in just enough so the retaining ring can be installed on
the pin.

4. Install the high speed weights in a similar manner.
The high speed weights are identified by the long cam
arm.

5. Install the bearing to the housing with the snap ring.

6. Install weight and shaft, spacer and gear and front
pump drive cover.

7. Assemble the governor springs as (ollows:
a. Thread the lock nut on the spring retainer.

b. Thread the idle speed adjusting screw into the
spring plunger.

Page 4
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Limiting Speed Governor 2.7.1.2

¢. Place the high speed spring over the spring
plunger.

d. Lubricate the spring and plunger assembly with
engine oil. Then, install the spring and plunger
assembly in the spring retainer and secure it in
place with a lock nut. Approximately 1/4" of the
idle speed adjusting screw should extend beyond
the lock nut.

e. Lubricate and insert the spring seat, low speed
spring, and spring cap in the open end of the
spring plunger.

f. Place a new gasket over the spring retainer and
thread the retainer and spring assembly into the
governor housing. Tighten the lock nut finger-
tight vntil the engine tune-up is performed.

Assemble Governor Housing
Assemble the governor housing as follows:

1. Start the upper operating shaft bearing, number
side up, on the end of the shaft. Support the lower end
of the shaft on an arbor press. Place a sleeve on the
inner race and press the bearing against the shoulder
on the shaft. 7 -

2. Start the operating shaft lever, with the- pivot pin
up, on the end of the shaft with the flat on the shaft

registering with the flat in the lever bore. Use a sleeve
to press the lever tight against the bearing.

3. Insert the lever and shaft assembly through the top
of the governor housing.

4. Press the upper operating shaft bearing in place
using the outer race o press on.

5. Lubricate the bearings with engine oil.

6. Apply a good quality sealant around the edge of a
new cxpansion plug and tap it in place in the housing.

7. Place the differential lever over the pivot pin in the
operating shaft lever.

8. If previously temoved, install the gap adjusting
screw and lock nut in the tapped hole in the operating
shaft lever.

9. Install the equalizing lever with the slotted holes
down, over the pin in the governor housing. Secure the
lever with the washer and spring pin.

10. Secure the yield link and fuel control rod assem-
blies to the equalizing lever with special nuts. Torque
the special nuts to 4.5-5.0 Nm (40-44 1b-in).

NOTE: Clean the threads on the fuel rod

HIGH SPEED
WEIGHT

LOW SPEED
WEIGHT

WEIGHT

PIN
LOW SPEED

GOVERNOR
WEIGHT SHAFT

PIN

RETAINER

HIGH SPEED
WEIGHT

Fig. 4 - Governor Weight Details and Relative Location of Parts
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bearing assembly and linkage locks. Apply
Loctite 242 to the thread and torque the linkage
locks to 4.5-5.0 Nm (40-44 1b-in). Do not allow
Loctite to flow into the bearing.

1. Thread the buffer screw into the governor housing
until it extends 14 to 16 mm (9/16" to 5/8") beyond
the governor housing and install the lock nut.

install Governor
Install the governor on the engine as follows:

1. Place a new gasket on the governor assembly and
attach the housing to the cylinder block with four
bolts. One shoulder bolt belongs in the upper right
location (facing toward front). ‘

2. Attach the fuel rods to the governor control link
lever. Adjust length per Section 14.3.2.

3. Slide the fuel rod cover hoses in place and secure
them with the hose clamps.

NOTE: Add 0.5 liter of SAE 30 oil {(one pint)
before instaliing the cover.

4. Place a new gasket on the governor housing and
install the cover and lever assembly. Make sure the
control link lever engages the pin on the differential
lever. Also, be sure the pin in the speed conirol shaft
enters the slot in the differential lever and that the pin
in the stop lever shaft is engaged between the wall on
the housing and the vertical extension of the control
link lever. Check the governor gear backlash. It should
be 0.0762-0.127 mm (0.003-0.005”). Then, secure the
cover with six bolts.

NOTE: The serviceman must determine that the
injector racks move to the no-fuel position
when the governor stop lever is placed in the
stop position.

5. Install the fuel pump and connect the fuel lines.

6. Connect the linkage to the governor control levers
after the engine tune-up is performed.

7. Perform an engine tune-up.

~

~-
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2.0

SHOP NOTES - TROUBLE SHOOTING

SPECIFICATIONS - SERVICE TOOLS

SHOP NOTES

INJECTOR CALIBRATOR READINGS

TOP OF
MENISCUS

MENISCUS

38%0

Fig. 1 - Checking Fuel Qutput

Several factors affect the injector calibrator output
readings. The four major items are:

1. Operator Errors: If the column of liquid in the vial
is read at the top of the meniscus instead of at the

bottom, a variation of 1 or 2 points will result. Refer
to Fig. 1.

2. Air In Lines: This can be caused by starting a test
before the air is purged from the injector and lines, or
from an air leak on the vacuum side of the pump.

3. Counter Improperly Set: The counter should be set
to divert the injector output at 1,000 strokes.

This should not be confused with counter overrun that
will vary from 2 to 6 digits, depending upon internal
friction, The fuel diversion is accomplished electrically
and will occur at 1,000 strokes (il properly set)
although the counter may overrun several digits.

4, Test Oil: A special test oil is supplied with the
calibrator and should always be used. If regular diesel
fuel oil (or any other liquid) is used, variations are
usually noted because of the effect of the oil on the
solenoid valve and other parts.

The fuet oil introduced into the test oil when the fuel
injector is placed in the calibrator for a calibration
check contaminates the test oil. Therefore, it is
important that the test oil and test oii filier be changed
every six months, or sooner if required.

In addition, other malfunctions such as a slipping
drive belt, low level of test oil, a clogged filter, a
defective pump or leaking line connections could cause
bad readings. A frequent check should be made for
any of these tell-tale conditions.

REFINISH LAPPING BLOCKS

As the continued use of the lapping blocks will cause
worn or low spots to develop in their lapping surfaces,
they should be refinished from time to time.

It is good practice, where considerable lapping work is
done, to devote some time each day to refinishing the
blocks. The quality of the finished work depends to a
great degree on the condition of the lapping surfaces
of the blocks.

To refinish the blocks, spread some 600 grit lapping
powder of good quality on one of the blocks. Place
another block on top of this one and work the blocks
together as shown in Fig. 2. Alternate the blocks from

time 1o time. For example, assuming the blocks are
numbered 1, 2 and 3, work 1 and 2 together, then 1
and 3, and finish by working 2 and 3 together.
Continue this procedure until all of the blocks are
perfectly flat and free of imperfections.

Imperfections are evident when the blocks are clean
and held under a strong light. The blocks are
satisfactory when the entire surface is a solid dark
grey. Bright or exceptionally dark spots indicate
defects and additional lapping is required.

After the surfaces have been finished, remove the
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Fig. 2 - Refinishing Lapping Blocks J 22090

powder by rinsing the lapping blocks in trichloroethyl-
ene and scrubbing with a bristle brush.

When not in use, protect the lapping blocks against
damage and dust by storing them in a close ftting
wooden container.

EFFECT OF PREIGNITION ON FUEL INJECTOR

Preignition is due to ignition of fuel or lubricating oil
in the combustion chamber before the normal
injection period. The piston compresses the burning
mixture to excessive temperatures and pressures and
may eventually cause burning of the injector spray tip
and lead to failure of the injectors in other cylinders.

When preignition occurs, remove all of the injectors

and check for burned spray tips or enlarged spray tip
orifices.

Before replacing the injectors, check the engine for the
cause of preignition to avoid recurrence of the
problem. Check for high crankcase pressure, ineffec-
tive oil control rings or dilution of the lubricating oil.

INJECTOR SPRAY TIPS

Due to a slight variation in the size of the small

orifices in the end of each spray tip, the fuel output of

an injector may be varied by replacing the spray tip.

Flow gage J 25600 may be used to select a spray tip

that will increase or decrease fuel injector output for a
particular injector after it has been rebuilt and tested
on the calibrator.

MASTER INJECTOR CALIBRATING KIT

Use Master Injector Calibrating Kit (J 26298) to
determine the accuracy of the injector calibrator.

With the test fluid temperature at 38°C +1°(100°F
1+ 1°) and each injector warm after several test cycles,
run the three injectors contained in the kit. Several
readings should be taken with each injector to check
for accuracy and repeatability. If the output readings
are within 2% of the values assigned to the calibrated
masters, the calibrator can be considered accurate.

Injector testing can be carried out now without any
adjustment of figures. However, when lesting new
injectors for output, any difference between the
calibrator and the masters should be used to compute
new injector calibration. If more than a 2% variation
from the masters is noted, consult the calibrator
manufacturer for possible causes.

The calibrated masters should only be used to qualifly
injector output calibration test equipment.

Page 2
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FUEL LINES

Flexible fuel lines are used to facilitate connection of
lines leading to and from the fuel tank, and to
minimize the effects of any vibration in the
installation.

A fuel return restriction orifice is incorporated in the
construction of the fuel junction block. Do not use
restricted fittings anywhere else in the fuel system.

When installing fuel lines, it is recommended that
connections be tightened only sufficiently to prevent
leakage of fuel; thus flared ends of the fuel lines will
not become twisted or fractured because of excessive
tightening. After all fuel lines are installed, run the
engine long enough to determine whether or not all
connections are sufficiently tight. If any Jeaks occur,
tighten the connections only enough 10 stop the leak.
Also check the filter cover bolts for tightness.

LOCATING AIR LEAKS IN FUEL LINES

Air drawn into the fuel system may result in uneven
running of the engine, stalling when idling, or a loss
of power. Poor engine operation is particularly
noticeable at the lower engine speeds. An opening in
the fuel suction lines may be too small for fuel 1o pass
through but may allow appreciable quantities of air to
enter.

Check for loose or faulty connections. Also check for

improper fuel line connections such as a fuel pump
suction line connected to the short fuel return line in
the fuel tank which would cause the pump to draw air.

Presence of an air leak may be detected by observing
the fuel filter contents after the filter is bled and the
engine is operated for 15 to 20 minutes at a fairly high
speed. No leak is indicated if the filter shell is full
when loosened from its cover. If the filter shell is only
partly full, an air leak is indicated.

INSTALLATION OF VARIABLE LOW SPEED FEATURE TO LIMITING SPEED GOVERNOR
(Flexible Shaft)

Removing the Current Spring Pack
1. Remove the spring housing (Fig. 4).
2. Loosen the spring retainer locknut.

3. Remove the spring pack by turning the high speed
spring retainer counterclockwise. Do not disturb the
idie screw. The spring pack parts will usually stay
together and can be removed as one unit. Verify that
the low speed spring cap was removed with the
assembly.

Assemble the New Spring Pack From
Components in Kit

1. Thread the locknut on the high speed - spring
retainer.

2. Place the high speed spring on the retainer.
3. Place the plunger in the high speed spring retainer.

4. Thread the adjusting locknut on the plunger until
the plunger protrudes 6.35-9.53 mm (1/4" - 3/8").

5. Thread the low speed adjusting shaft onto the shaft
retainer until it bottoms {finger tight).

6. Thread the retainer on the high speed plunger 4-5
threads.

7. Insert the low speed plunger imto the high speed
plunger.

8. Insert the inner and outer low speed springs into the
high speed plunger.

9. Install the low speed spring cap in the end of the
high speed plunger.

Installation of the New Spring Pack

1. Install the new spring housing gasket.

2. Install the new spring pack and turn the retainer
clockwise until 8-10 threads are engaged.

Set the High Speed Adjustment
1. Install an accurate tachometer.
2. Check for proper operation of fuel shut off.

3. Back out the buffer screw approximately 12.7 mm
(172"

4, Start and warm up the engine.
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5. Check the no-load speed.

6. Adjust the no-load speed to 3200 £50 rpm (Rotate
the speed retainer clockwise for an increase in rpm).

7. Tighten the locknut on the high speed retainer.

Idle Speed Adjustment

I. Turn the low speed adjusting shaft retainer as
required to obtain an idle speed of 700 £ 50 rpm.

2. Tighten the locknut against the adjusting shaft retainer.
3. Recheck idle speed.

4. Adjusi the buffer screw to increase the idle speed 3
to 15 rpm.

5. Check the no-load speed, it must be 3250 + 50 rpm.

Spring Housing Installation

Some engines may require modification of the water
outlet elbow. Place the spring housing in position and
determine whether the lower bolt can be installed and
tightened without interference between the bolt head
and water elbow. If not, carefully remove the
minimum amount of material necessary from the
water elbow at the point of contact.

Install the housing and tighten the bolts.

Install Flexible Shaft Assembly

1. Install the adjusting coupling in the spring housing.

2. Connect the flexible shafi assembly to the spring
housing and to the manual control assembly.

Engine idle is now variable. By turning the speed
adjusting handle any speed may be selected in a range
from normal idle (700+£50 rpm) to approximaiely
1750 rpm.

CAUTION: Return engine to normal idle speed
before attempting vehicle operation.

FLEXIBLE
SHAFT

MANUAL
™ CONTROL
!'_' ASSEMBLY
b
o SPEED AOJUSTING
: H HANDLE
Yy 1
i =0 ADJUSTING COUPLING
1 Loy

ADJUSTING SHAFT

i |——SPRING HOUSING

ADMISTING SHAFT RETAINER
ADJUSTING LOCK NUT

HIGH SPEED SPRING PLUNGER
HIGH SPEED SPRING RETAINER

SPRING RETAINER LOCK NUT
1 GASKET

LOW SPEED SPRING PLUNGER

L— GOVERNOR HOUSING

HIGH SPEED SPRING
LOW SPEED SPRING [INNER)
——LOW SPEED SPRING (OUTER)

l___ LOW SPEED SPRING CAP

L-6201

Fig. 4 - Limiting Speed Governor with Variable
Low Speed Feature
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FUEL PINCHER

Shop Notes 2.0

INSTALLATION OF VARIABLE LOW SPEED FEATURE TO LIMITING SPEED GOVERNOR

(Air Operated)

Removing the Current Spring Pack

1. Remove the current spring housing (Fig. 5).

2. Loosen the spring retainer lock nut.

3. Remove the spring pack by turning the high speed
spring retainer counterclockwise. Do not disturb the
idle screw. The spring pack parts will usually stay

together and can be removed as one unit. Verify that
the low speed cap was removed with the assembly.

Assemble the Mew Spring Pack From
Components in Kit

1. Thread the lock nut on the high speed spring
retainer.

2. Place the high speed spring on the retainer.
3. Place the plunger in the high speed spring retainer.

4. Thread the high speed jam nut on the plunger (high
speed plunger should protrude 6.35 mm (1/4").

5. Thread the cylinder assembly on the high speed
plunger 4 - 5 threads.

6. Insert the low speed plunger into the high speed
plunger.

7. Insert the inner and outer low speed rings into the
high speed plunger.

8. Install the low speed spring cap in the end of the
high speed plunger.

Instaliation of the New Spring Pack

1. Install the new spring housing gasket.

2. Install the new spring pack and turn the retainer

clockwise until 8-10 threads are engaged.

Set the High Speed Adjustment

1. Install an accurate tachometer.

2. Check for proper operation of the fuel shut off.

SPRING

N
HOUSING H IDLE ADJUSTING

SCREW

DA
JAM NUT 7 v
LowW SPEED —¢ | '
! H
GYLINDER
ASSEMBLY =Suj)
E
1 /L_—-
PISTON (441 PLUNGER
4 _L - ’ LOW SPEED
-4
RETAINER — P k)
A ' I PL‘ JAM NUT
PLunGER 1 HIGH SPEED
HiGH SPEED L]
¢ 1 HIGH SPEED SPRAING
4 . » RETAINER
» I
1 N 1]
GOVERANOR ~=l ) ! RSN [ > E;glrg;sumsn
IN :
HOUSING [ dZE=
LOW SPEED SPRING

(QUTER)

LOwW SPEED SPRING
(INNER}

MIGH SPEED ; B
SPRING
~ R
=

LOW SPEED
SPRING CAP

L-6202

Fig. 5 - Limiting Speed Governor with Air
Operated Variable Low Speed Feature

3. Back out the buffer screw approximately 12.7 mm
(1/27).

4. Start and warm up the engine.
5. Check the no-load speed.

6. Adjust the no-load speed of 3200 +£50 rpm (Rotate
the high speed retainer clockwise to increase rpm).

7. Tighten the lock nut on the high speed retainer.

© 1981 General Motors Corp.
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2.0 Shop Notes

FUEL PINCHER

Set Maximum Idle Speed Adjustment

1. Turn the idle adjusting screw clockwise into the
cylinder assembly until the piston contacts the
retainer. The cylinder assembly should be 2-3 threads
from its position of maximum engagement with the
high speed spring plunger to prevent the piston from
contacting the high speed spring plunger before it
contacts the retainer.

NOTE: Do not force the idle adjusting screw.

2. Start the engine and with the throttle in the idle
position, rotate the cylinder clockwise to increase the
idle speed.

Set Minimum Idle Speed Adjustment

Make this adjustment after the maximum idle speed
adjustment is completed.

. With the engine operating with the throttle in the
idle position, turn the idle adjusting screw counter-
clockwise to lower the idle speed and clockwise to raise
the idle speed as required to obtain an idle speed of
700 £ 50 rpm.

2. Lock the idle screw in the position which provides
the desired engine idle speed with the low speed jam
nut.

3. Recheck the idle speed.

4. Adjust the buffer screw to raise the idle speed 5-15
rpm.

5. Check the no-load speed. It must be 3250 £ 50 rpm.
6. Stop the engine.

7. Lubricate the bore of the spring housing with
engine oil.

Install Spring Housing

Some engines may require modification of the water
outlet elbow. Place the spring housing in position and
determine whether the lower bolt can be installed and
tightened without interference between the bolt head
and water elbow. If not, carefully remove the minimal
amount of material necessary from the water elbow at
the point of contact.

Install the housing and tighten the bolts.

CAUTION: Return the engine to normal (idle
speed before attempting vehicle operation).

Page 6
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FUEL PINCHER

Shop Notes 2.0

INSTALLATION INSTRUCTIONS FOR THE ADDITION OF AN AIR OPERATED DUAL HIGH
SPEED FEATURE TO LIMITING SPEED GOVERNOR

Removing the Current Spring Pack
1. Remove the spring housing (Fig. 6).
2. Loosen the spring retainer locknut.

3. Remove the spring pack by turning the high speed
spring retainer counterclockwise. Do not disturb the
idle screw and all the spring pack parts will stay
together and can usually be removed as one unit.
Check to verify that the low speed spring cap was
removed with the assembly.

Assembie the New Spring Pack from
Components in Kit

1. Position the high speed spring, spring seat and high
speed spring retainer on high speed plunger and
secure with idle speed adjusting screw and locknut.

2. Insert low speed spring seat, low speed spring and
spring cap in high speed plunger.

3. Position new gasket on governor housing with holes
in gasket aligned with holes in housing and install
high speed spring retainer with parts assembled in
steps 1 and 2 above in governor housing.

4. Install seal ring in groove in piston.

5. Lubricate inside surface of spring housing with
grease and install piston in the end of housing
opposite the threaded boss.

6. Install the five 1.366 mm (0.0538") shims and five
0.254 mm (0.010") shims in recess of piston.

7. Install the high speed spring guide on top of the
shims and piston.

8. Install the spring housing with the piston, shims and
guide over the high speed retainer so the guide is
riding on the high speed spring seat.

9. Install the new gasket and cover on the spring
housing to the governor housing with two lock washers
and bolts.

NOTE: Early engines require a new right bank
water outlet eibow to allow clearance for
housing installation.

10. Install the copper washer, low maximum speed
adjusting screw and locknut in cover.

High Maximum No Load Speed Adjustment
1. Install an accurate tachometer.
2. Check the operation of the fuel shutoft.

3. Back out the buffer screw until it extends 15.875 mm
(5/8") from the surface of the governor housing.

4. Start and run the engine until normal operating
temperatures are reached (refer to Section 13.2).

5. With the engine at operating temperature and no
load on the engine, position the throttle control lever
in maximum throttle position.

6. Apply 621 kPa (90 psi) minimum air pressure to the inlet
in the governor spring housing and note engine speed. The
no-load speed should be 3200x 50 rpm. If any other
reading is noted, stop the engine and remove the spring
housing. Remove the spacer and piston from the spring
housing and add 0.254 mm (0.010") shims to raise engine
rpm, or remove 0.254 mm (0.010") shims to decrease
engine rpm (each shim, added or removed, will increase or
decrease engine speed approximately 10 rpm). Reinstall
piston and spacer spring housing. Position spring housing
back on governor. Repeat steps 4 through 6 above until
3200+ 50 rpm is obtained.

Idle Speed Adjustment

l. Remove high speed spring retainer cover, piston
and guide as an assembly.

2. With the engine operating with the throttle in the
idie position, turn the idle adjusting screw counter-
clockwise to lower idle speed and clockwise to raise
idle speed as required to obtain an idle speed of
700 £ 50 rpm.

3. Lock idle screw in the position which provides the
desired engine idle speed with the low speed jam nut.

4. Recheck idle speed.
5. Adjust buffer screw to raise idle speed 5 to 15 rpm.
6. Reinstall items removed in Step 1.

7. Apply air pressure and check no-load speed. It should be
3250=x 50 rpm.

© 1984 General Motors Corp.
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2.0 Shop Notes

FUEL PINCHER

IDLE SPEED
ADJUSTING
PIN HiGH SPEED
SPRING RETAINER
LOW SPEED HIGH SPEED
SPRING CAP  SPRING PLUNGER

\

IDLE SPEED
LOCK NUT
/

SEAL RING
SPRING PISTON
HOUSING GASKET

SHIMS
LOW MAX
_//SPEED LOCK NUT

SCREW
HIGH SPEED
LOW SPEED |\ HIGH SPEED | T TING SEAT COVER
SPRING SPRING IDLE SPEED
ADJUSTING AIR PRESSURE GGOPPER
Low s GASKET SCReEW WASHER
PEED HIGH SPEED )
SPRING SEAT SPRING GUIDE L4208

LOW MAXIMUM
SPEED ADJUSTING

Fig. 6 - Limiting Speed Governor Dual High Speed feature.

Low Maximum No-load Speed Adjustment

1. With engine at operating temperature, no lead on
Ithe engine and no air pressure at the governar spring
housing place throttle control lever in maximum
throttle position.

2. Loosen locknut, and turn low maximum speed
adjusting screw in to increase or out to decrease engine
speed, until desired low maximum speed is obtained
{minimum available 2000 cpm).

3. Hold adjusting screw and tighten locknut.

Page 8
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FUEL PINCHER

TROUBLE SHOOTIMG ™ >

FUEL PUMP’

The Fuet pump is so constructed as to be inherently
trouble free. By using clean, water-free fuel and
maintaining the fuel filters in good condition, the fuel
pump will provide long satisfactory service and
require very little maintenance.

However, if the fuel pump fails to function
satisfactorily, first check the fuel level in the fuel tank,
then make sure the fuel supply valve is open. Also
check for external fuel leaks at the fuel line
connections and filter gaskets. Make certain that all
fuel lines are connected in their proper order.

Next, check for a broken pump drive shaft or drive
coupling. Insert the end of a wire through the pump
flange drain hole, then crank the engine momentarily
and note whether the wire vibrates. Vibration will be
felt if the pump shaft rotates.

All fuel pump failures result in no fuel or insufficient
fuel being delivered to the fuel injectors and may be
indicated by uneven running of the engine, excessive
vibration, stalling at idling speeds or a loss of power.

The most common Teason for failure of a fuel pump
to function properly is a sticking relief valve. The
relief valve, due to its close fit in the valve bore, may
become stuck in a fully open or partially open position
due to a small amount of grit or foreign material
lodged between the valve and its bore or seat. This
permiis the fuel to circulate within the pump rather
than being forced through the fuel system.

Therefore, if the fuel pump is not functioning
properly, remove the relief valve plug, spring and pin
and check the movement of the valve within the valve
bore. If the valve sticks, recondition it by using fine
emery cloth to remove any scuff marks. Otherwise,
replace the valve. Clean the valve bore and the valve
compenents. Then lubricate the valve and check it for
free movement throughout the entire length of its
travel. Reinstall the valve.

After the relief valve has been checked, start the
engine and check the fuel flow at some point between
the restricted fitting in the fuel return manifold at the
cylinder head and the fuel tank.

CHECKING FUEL FLOW

A,

Fig. 4 - Measuring Fuel Flow
i. Disconnect the fuel return hose from the fitting at
the fuel tank and hold the open end in a convenient
receptacle (Fig. 4).

2. Start and run the engine at maximum no load and

measure the fuel flow. Refer to Section 13.2 for the
specified quantity per minute.

3. Immerse the end of the fuel hose in the fuel in the
container. Air bubbles rising to the surface of the fuel
will indicate air being drawn into the fuel system on
the suction side of the pump. If air is present, tighten
all fuel line connections between the fuel tank and the
fuel pump.

4. If the fuel flow is insufficient for satisfactory engine
performance, then:

a. Replace the element in the fuel strainer. Then
start the engine and run it at maximum no load
to check the fuel flow. If the flow is still unsatis-
factory, perform Step “b" below:

b. Replace the element in the fuel filter. If the flow is
still unsatisfactory, de as instructed in Step “¢™.

c. Substitute another fuel pump that is known to be
in good condition and again check the fuel flow.
When changing a fuel pump, clean all of the fuel
lings with compressed air and be sure all fuel line
connections are tight. Check the fuel lines for
restrictions due to bends or other damage.

© 1982 General Motors Corp.
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Mrouble Shooting

FUEL PINCHER

N
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MY

AN ! my. SHOOTING CHARTS

Chart 1

I.OV!LGF{I-TIGH VALVE OPENING PRESSURE

LOW VALVE OPENING PRESSURE

HIGH VALVE OPENING PRESSURE

Probable Cause

Probable Cause

1. WORN OR ERODED NEEDLE VALVE
. OR VALVE SEAT IN SPRAY TIP

6. CARBON OR FOREIGN MATERIAL
IN SPRAY TIP

2. WORN OR DAMAGED NEEDLE
VALVE QUILL

3. WORN OR DAMAGED NEEDLE
VALVE SPRING SEAT

4. WORN OR BROKEN VALVE SPRING
5. DIRT OR FOREIGN MATERIAL
IN INJECTOR

7. CARBON IN SPRAY TIP ORIFICES

SUGGESTED
1. Repiace the needle vaive and spray tip assembly.
2. Replace the needle valve and spray tip assembly.
3. Replace the spring seat.

4. Replace the valve spring.

5. Disassemble the injector and clean all of the parts.

REMEDY

6. Remove the carbon in the spray tip with tip reamer
J 9464-01 which is especially designed and ground for

this purpose.

7. Check the size of the spray tip orifices. Then, using
tool J 4298-1 with the proper size wire, clean the
orifices. '

Page 10
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FUEL PINCHER

Trouble Shooting 2.0

Chort 2 INJECTOR FAILS EXTERNAL LEAK TEST AND
PRESSURE HOLDING TEST

[ Probable Cause ]

| |
1. POOR BUSHING TQ BODY FIT 8. WORN OR BROKEN VALVE SPRING
2. INJECTOR NUT NOT TIGHTENED 9. WORN OR DAMAGED VALVE
. TO SPECIFIED TORQUE SPRING SEAT
3. EXCESSIVE PLUNGER TO BUSHING 10. DEFECTIVE SEAL RINGS, BODY AND
CLEARANCE. PLUNGER SCRATCHED NUT
L 4, CRACKED SPRAY TIP j 11. SPRAY TIP TO NUT SEAT LEAKING

5. WORN OR ERODED NEEDLE VALVE

6. WORN OR ERODED NEEDLE VALVE
SEAT IN SPRAY TIP

7. WORN OR BROKEN NEEDLE VALVE
QUILL

(ERODED OR DAMAGED)

1. Lap the injector body. Inspect shelf of bushing.

2. Tighten the injector nut to 95-108 Nm (70-80 1b-ft).
torque. Do not exceed the specified torque.

3. Replace the plunger and bushing.

4, 5, 6 and 7. Replace the needle valve and spray tip
assembly,

SUGGESTED REMEDY

8. Replace the valve spring.
9. Replace the valve spring seat.
10. Replace the damaged seal rings.

11. Replace tip. Resurface nut or replace.

© 1981 Genera! Motors Corp.
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2.0 Trouble Shooting

FUEL PINCHER

Chart 3

INCORRECT INJECTOR OUTPUT

l Probable Cause [

1

1. SPRAY TIP OR ORIFICES
PARTIALLY PLUGGED

8. CRACKED CHECK VALVE CAGE,
SPRING CAGE OR SPRAY TIP

2. SPRAY TIP ORIFICES ENLARGED

9. CRACKED BUSHING

r

3. CARBON BUILD-UP IN SPRAY TIP

10. IMPROPERLY LAPPED SURFACES

4. WORN PLUNGER AND BUSHING

5. WORN OR DAMAGED NEEDLE VALVE

11. FOREIGN MATERIAL BETWEEN
VALVE AND SEAT

12. RACK AND GEAR NOT IN TIME

QUILL
l

6. WORN OR DAMAGED NEEDLE VALVE
SPRING SEAT

13. SPRAY TIP-PLUNGER AND
BUSHING COMBINATION PROVIDES
INCORRECT OUTPUT

7. WORN OR BROKEN VALVE SPRING

1. Clean the spray tip as outlined under Clean Injector
Parts,

2. Replace the needle valve and spray tip assembly.
3. Clean the spray tip with tool J 1243,

4. After the possibility of an incorrect or faulty spray
tip has been eliminated and the injector cutput still
does not fall within its specific limits, replace the
plunger and bushing with a new assembly.

NOTE: The fuel output of an injector varies
with the use of different spray tips of the same
size due to manufacturing tolerances in drilling
the tips. If the fuel output does not fall within
the specified limits try changing the spray tip.
However, use only a tip specified for the
injector being tested.

SUGGESTED REMEDY

5. Replace the needle valve and spray tip assembly.

6. Replace the spring seat.

7. Replace the valve spring.

8. Replace the cracked parts.

9. Replace the plunger and bushing assembly.

10. Lap the sealing surfaces.

11. Disassemble the injector and clean all of the parts.
12. Assemble the gear with the drill spot mark on the
tooth engaged between the two marked teeth on the

rack.

13. Replace the spray tip and the plunger and bushing
assembly to provide the correct output.

Page 12
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FUEL PINCHER

Specifications 2.0

STANDARD METRIC BOLT AND NUT TORQUE SPECIFICATIONS

Thread Size BOLT CLASSES /TORQUES
Diometer X MM 8.8 9.8 10.9

Per Thread

Nm/LB-FT Nm/LB-FT Nm/LB-FT
M5 X .8 None used 5.0-6.0/3.7-4.4 7.0-8.0/5.2-5.9
M& X 1.0 o ” 10-12/7.4-9.0 13-15/10-11
M8 X 1.25 r 23-27/17-20 30-34/22-25
MI10 X 1.50 46-53/34-39 58-66/43-49
M12 X 1.75 ’ 79-81/58-67 101-116/74-86
M14 X 2.0 ” 126-144/93-106 160-184/118-136
MI16 X 2.0 ‘ ’ 192-220/142-162 245-280/181-207
M20 X 2.5 334-384/246-283 None used 478-550/353-406

STANDARD METRIC BOLTS

Metric Bolls — Identification class numbers correspond to bolt
strength — Increasing numbers represent increasing strength.

Manufacturers
Identification

Strength

Identification Bolt Head

¢ 1984 General Motors Corp. May, 1984 SEC. 2.0 Page 13



2.0 Specifications FUEL PINCHER

BOLT AND NUT TORQUE SPECIFICATIONS

THREAD TORQUE TORQUE
APPLICATION SIZE (Nm) (Ib-t)
Injectorclampbolt ... ... . .o M6 x 1.0 x 30 1G-12 79
Fuelpumpbolt. ... .. ... ... ... .. ... MB8x 1.25x 25 23-27 17-20
Injector control shaftleverbolt . .. ... .. ........ ... ........ M8x 1.25x 20 30-34 22-25
Fuel filter mounting bracketbolt. . . . ... ....... ... ... ... .. M10 x 1.50 x 25 46-53 34-39
Fuel junctionblockbolt . ....... ... ... ... . ... .. .. ... M10 x 1.50 x 80 46-53 34-39
Governormountingbolt . ... ... ... ... oL M10 x 1.50 x 30 46-53 34-39
SERVICE TOOLS
TOOL NAME TOOL NO.
Fuel Injector
Carbon remover tool ... SO OOV OOPURPS: J 29575
Lapping BlOCKS i e e J 22090
Injector auxiliary 1eSter ... . e J 22640
Injector calibrator ... J 22410
Injector follower bolding fixture ... J 29136
Infector NUE WIENCH . i s J 29137
Injector spray tip cleaning 100l ... 1 24838
Injector 1eST Ol .. J 26400
POP-N-FIEUIE i s J 29531
Rack freeness 1eSter ... e J 29584
SPFING TESTEE o o e et e J 22738-2
Wire buffing wheel ... J 7944
Fuel Injector Tube
Injector tube service tool Set ... J 29124
Pilot tube tip refiniSher e J 5286-8
Fuel Pump
AABPYOT o J 1508-10
Holding fixtUre .. ..o e J 1508-10
Oil seal installer handle ..o, e J 1508-8
O SEAI TEIMIOVET .o e e et e J 1508-13
Fuel Filter
Fuel/oil filter Wrench ... N J 22775
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DETROIT DIESEL 8.21

SECTION 3

AIR INTAKE SYSTEM
CONTENTS

Air Intake System ..........cccoovnvviiivenreen e

AT CleANET .oiviiveieee ettt rrees s sareaenn

Air Silencer (Turbocharger) .........cccccovierennnnnn.

Turbocharger (Airesearch) Marine .........ccceevveens

Turbocharger (SChwitZer) ..coc.ooveeeeeveeeeeeirieeeaenen.

Troubleshooting - Specifications - Service Tools

AIR INTAKE SYSTEM

In the B.2L engines, air is drawn into the cylinders and
thoroughly sweeps out all of the burned gases through the
exhaust valve ports (Fig. 1). This air also helps to cool the
internal engine parts, particularly the valves. At the begin-
ning of the compression stroke, each cylinder is filled with
fresh clean air which provides for efficient combustion.

On some engines a turbocharger is introduced in the
air system as illustrated in Fig. 2. Power to drive the tur-
bocharger is extracted from the waste energy in the engine
exhaust gas. The expanding exhaust gases turn a single
stage turbo wheel which drives an impeller thus supplying
air under pressure to the cylinders.

©® 1986 General Motors Corp.
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3 AIR INTAKE SYSTEM ‘ DETROIT DIESEL 8.2L

AIR CLEANER

ADRAPTER

INTAKE
MANIFOLD

EXHAUST
VALVE VALVE

EXHAUST
MANIFOLD

Fig. 1 - Air Inlet System Diagram for N.A. Engine
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DETROIT DIESEL 8.2L AIR INTAKE SYSTEM 3
e —— \
( TURBOCHARGER \ AIR INLET
| —tt——i
--—-l— e ——— -———— -‘D
-— - -———— —-—————

=)

f._,_J

CROSSOVER
EXHAUST
VALVE \
tllff——

EXHAUSY
MANIFOLD

=

—1

INTAKE MANIFOLD

e |[NTAKE VALVE

L-6045

Fig. 2 - Air Inlet System Diagram for Turbocharged Engine
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DETROIT DIESEL 8.2 LITER

~

Air Cleaner 3.1

AIR CLEANER

The air cleaner is designed to remove foreign matter
from the air, pass the required volume of air for
proper combustion and scavenging and ~maintain
efficient operation for a reasonable period of 1lime
before requiring service.

The importance of keeping dust and grit-laden air out
of the engine cannot be over-emphasized, since clean
air is so essential to satisfactory engine operation and
long engine life. Should dust in the air supply enter
the engine it would be carried into the cylinders and
due to its abrasive properties, cause premature wear of
the moving parts. Dirt, which is allowed to build-up in
the air cleaner passages, will eventually restrict the air
supply to the engine and result in heavy carbon
deposits on the valves and pistons due to incomplete
combustion. The air cleaner must have a capacity
large enough to retain the materia} separated from the
air to permit operation for a reasonable length of time
before cleaning is required.

Air Cleaner Maintenonce

Although the air cleaner is highly efficient, this
efficiency depends upon proper maintenance and
periodic servicing.

Damaged gaskets, loose hose connections or leaks in
the duct work, which permit dust-laden air to
completely by-pass the the cleaner and enter the

engine will lower the efficiency of the air cleaner. If
the air cleaner is not serviced periodically, the engine
will not receive a sufficient amount of clean air.

Servicing an air cleaner depends upon the air supply.
An air cleaner operating in severe dust will require
more frequent service than an air cleaner operating in
comparatively clean air. The most satisfactory service
period should be determined by frequently inspecting
the air cleaner under normal operating conditions,
then setting the service period to best suit the
requirements of the particular engine.

The following maintenance procedure will assure
efficient air cleaner operation.

1. Keep the air cleaner tight on the air intake pipe.

2. Keep the air cleaner properly assembled so the
joints are strictly air tight.

3. Repair any damage to the air cleaner or related
parts immediately.

4. Inspect and clean or replace the air cleaner element
as operating conditions warrant. It is possible to clean
and reuse the element several times as long as the
paper is not ruptured in the process.

5. Carefully inspect the entire sysiem periodically.
Enough dust-laden air will pass through an almost
invisible crack or opening to eventually cause damage
to an engine.

© 1979 General Motors Corp.
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DETROIT DIESEL 8.2L

3.2

AIR SILENCER (TURBOCHARGER)

The air silencer used on the air inlet side of the
turbocharger absorbs the sound of the incoming air.
Air is drawn into a passage formed between the inner
and outer covers of the silencer, and flows into the
turbocharger compressor. A perforated steel screen
that surrounds the silencer prevents any large objects
from entering the silencer. The air silencer (Fig. 1) is
attached at the air inlet side of the turbocharger with
a hose and clamps and is supported by a bolt, spacer
and nut attached to the lifter bracket and air silencer.

Service

Very little service, other than an occasional
cleaning of the silencer, is required. However, the
silencer must be removed when service operations are
performed on the turbocharger. Remove the silencer as
follows:

1. Loosen retaining clamps and slide out silencer
with hose.

2. Remove bolt, nut, bracket and spacer.

Install Air Silencer

1. Install bracket, bolt, spacer and nut. Leave loose.

2. Slide silencer with hose into place and tighten
clamps.

3. Tighten bracket bolt and nut. Torque nut to 30-34
N-m (22-25 Ib-ft).

Fig. 1 - Air Silencer Mounted on Engine

© 1985 General Motors Carp.
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DETROIT DIESEL 8.2L

3.5

MARINE TURBOCHARGER (AIRESEARCH)

The turbocharger (Model TW4103} - (Fig. 1) is
designed to increase engine efficiency and power
output. Energy to drive the turbocharger is obtained
from the engine exhaust gases. Water cooled turbine
housing and exhaust outlet piping are utilized to-reduce
the exhaust temperatures and engine compartment
ambient temperatures.

The turbocharger assembly consists of a turbine
housing, turbine wheel and shaft assembly, compressor
housing, compressor wheel and a center housing
assembly.

The turbine housing is fresh water cooled and
contains the turbine wheel which is friction welded to
the turbine shaft. The turbine housing is bolted to the
turbine side of the center housing assembly. The
compressor housing contains the compressor wheel
which is attached to the threaded end of the turbine
shaft by a retaining nut. The compressor housing is
bolted to the backplate assemby which is bolted to the
center housing assembly. The center housing assembly
consists of the center section, bearings, snap rings,
thrust collar and thrust bearing. The center housing
bearings are pressure lubricated by internal oil
passages.

Operation

After the engine is started, the exhaust gases
flowing from the engine and through the turbine
housing cause the turbine wheel and shaft to rotate
(Fig. 2). After passing through the turbine housing,
the exhaust gases pass into the exhaust elbow where the
(glil'?es z;’r)e mixed with raw water before being discharged

ig. 3).

The compressor wheel, which is mounted on the
opposite end of the turbine wheel shaft assembly,
rotates with the turbine wheel. The compressor wheel
draws the ambient air into the compressor housing,
compresses the air and delivers it to the engine.

During operation, the turbocharger responds to
the engine load demands by reacting to the flow of the
engine exhaust gases. As the power output of the
engine increases, the flow of exhaust gases increases
and the speed and output of the rotating assembly
increases proportionately, delivering more air to the
engine.

Lubrication

Lubricating oil for the turbocharger is supplied
under pressure through a special U.S. Coast Guard
approved external oil line from the engine to the center
housing. The oil flows from the oil inlet in the center
housing through the drilled oil passages in the housing
to the shaft bearings, thrust collar and thrust bearing
(Fig. 4). The oil returns by gravity to the engine oil pan
through an external oil tube from the bottom of the
turbocharger center housing to the cylinder block.

Periodic Inspection

CAUTION: A turbocharger
compressor inlet shield can be
fabricated (Fig. 5) and must be used
anytime the engine is operated with
the air inlet silencer removed. The
shield prevents a serviceman from
touching the moving impeller and
helps to prevent foreign objects
entering the turbocharger. The use of

Fig. 1 - Turbocharger Mounting
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TURBINE WHEEL TURBINE EXHAUST
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> COMPRESSED AIR INLET COMPRESSOR
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Fig. 2 - Schematic Air Flow Diagram

this shield does not preclude any other
safety practices contained in this
manual.

TURBOCHARGER (MARINE)
AIR INLET — PROTECTIVE SHIELD

COOCLANT QUTLET
. .

COMPRESSOR : L
HOUSING -
— e, &N

l'_' DIA. HOSE

WATER COOLED
! EXHAUST OUTLET ELBOW

STEEL TUBING
+ 4 DIA,

v 7 WIDE
«1714” THICK

AIR INLET 4" DIA. Hi
PROTECTIVE SHIELD cuur‘g“
= HEAVY DUTY SCREEN
« WELD TO STEELTUBING

Fig. 5 - Turbocharger Inlet Shield

Excessive restrictions to the air and the exhaust
flows will adversely affect turbocharger life and
(CEMTER, performance. Do not permit restriction levels to exceed

SHAFT ot the specified limits. Refer to Section 13.2.
A periodic inspection of the turbocharger should
be made along with an engine inspection.

5 Sy Inspect the turbocharger mountings and check all
WA, Nr7 reageEe 2 /// 7w of the air ducting and connections for leaks. Make the
: 7

= .///////; |  inspection with the engine running and with it shut
z

W”,,,//%zfe/a 7 down. Check for leaks at the manifold connections, the
7 NS turbine inlet and exhaust manifold gasket.

While the engine is stopped remove the air inlet
silencer from the turbocharger compressor housing .

COHEEL ) BEARINGS and check for carbon or dirt buildup on the impeller
Ls291 or in the housing. Excessive accumulations indicate

either a leak in the ducting or a faulty air inlet system.

Fig. 4 - Turbocharger Qil Flow Diagram . Remove all such accumulations and determine and
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correct the cause. Refer to the Troubleshooting Charts
in Section 3.0. Uneven deposits left on the compressor
wheel can affect the balance and cause premature
failure. For proper operation, the turbocharger
rotating assembly must turn free.

NOTICE: Do not attempt to remove carbon or
dirt buildup on the compressor or turbine wheels
without removing the turbocharger from the
engine.

CHECKING FOR INTERNAL OIL LEAKS

Lubricant applied under pressure to the center
housing while the shaft is not turning may allow oil to
enter the turbine and compressor housings. However,
after the turbocharger has been operated for a time
under load conditions and with the air inlet and
exhaust outlet restrictions at normal, oil in these
sections should disappear. If the oil does not disappear,
refer to Section 3.0

Normally the following conditions will
contribute to internal leakage of turbocharger shaft oil
seals:

1. Worn or damaged oil seals.

2. High air inlet restriction due to air silencer inlet
problems or insufficient engine compartment air
supply.

3. Restricted turbocharger oil return line.

The following steps are recommended to
troubleshoot and diagnose suspected oil leakage:

Step 1 - First, determine if the oil return line is not
plugged, bent or restricted.

Step 2 - Next, determine that the air inlet
restriction or engine compartment air supply is within
Detroit Diesel operating limits. Refer to Section 13.2.

If step 1 or step 2 do not reveal any problem then
proceed with step 3.

Step 3 - If compressor housing oil seal leaking is still
suspected, the following procedure shouid be used:

a. Remove the compressor housing from the
turbocharger.

b. Thoroughly clean the internal surfaces of
the compressor housing, impeller cavity
behind the impeller, and the compressor
backplate annulus with suitable solvent
spray and then dry completely with shop
air.

c. Spray the backplate annulus with a light
coating of Magna-Flux Spot-Check
developer type SKD-MF or equivalent.

d. Install the compressor housing on the
turbocharger and reconnect the inlet and
outlet connections.

e. Warm-up the engine to normal operating
temperature.

f. Operate the engine at no load at the
governor  limited high speed for
approximately five minutes.

g. Return the engine to low idle and then stop
1t.

h. Remove the air intake silencer and outlet
hose and then remove the compressor
housing. Evidence of compressor end shaft
seal oil leakage will be observed as oil
streaks in the Spot-Check developer on the
backplate annulus. This surface should be
completely free of oil streaks after the test.

i. Ifleakage is detected and oil is positively not
entering through the air silencer, then the
turbocharger may be removed from the
engine and inspected for damaged
components.

Remove Turbocharger

1. Make certain the raw water supply is shut off.

2. Drain the engine cooling system.

3. Remove the air silencer, clamps and retainers.
Refer to Section 3.2.

4. Remove the turbocharger coolant return tube,
clamps and hose.

5. Remove the oil supply line from the turbocharger
center housing.

6. Remove the oil drain tube, bolts, clamps and hose
from the turbocharger.

7. Remove the clamps and slide the hose out of
position from the air intake.

8. Remove the marmon clamp at the turbine
exhaust outlet.

9. Disconnect the raw water connection at the
exhaust outlet elbow and remove the elbow or
slide out of position.

10. Remove the flange mounting nuts and remove the
turbocharger assembly.
11. Cover the air inlet, oil holes and exhaust openings

on the engine to prevent the entry of foreign
material.

NOTICE: Plug and make the exhaust piping
water tight to eliminate outside water entry into
the engine compartment.

Disassemble Turbocharger

Clean the exterior of the turbocharger with a
non-caustic cleaning solvent before disassembling and
proceed as follows:

NOTICE: Matchmark the major positions of the
compressor housing, backplate assembly, center
housing and turbine housing with a center punch
or scribe prior to disassembly to assure reassembly
in the same relative position. Port and starboard
turbocharger assemblies are the same, with the
major differences being how they are attached to
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the engine cross-over manifold and the directions
the inlet and outlet openings are positioned.

1. Refer to Fig. 6 and remove the bolts and clamps
securing the compressor and turbine housings to
the center section.

NOTICE: Use care when removing the
compressor and turbine housing to prevent
damage to the compressor and turbine wheels. Tap
the housing with a plastic shot filled hammer if a
shocking force is required.

2. Position the turbine wheel of the center housing
assembly into a suitable holding fixture
J 29086-3 (Fig. 7). Remove the compressor

wheel locking nut with a double universal socket
and tee-handle.

NOTICE: To prevent the possibility of bending
the turbine shaft use the above tool combination.

Lift the compressor wheel off the turbine wheel
shaft assembly (Fig. 8).

Invert the center housing and turbine wheel
assembly and pull out from the center section the
turbine wheel assembly (with piston seal ring).
Remove and discard the piston seal ring from the
turbine shaft (Fig. 9).

Remove the wheel shroud.

Bend the lock tabs down with a hammer and drift
and remove the bolts and lock tabs that secure the

LOCK
WHEEL

CLAMP

COMPRESSOR
HOUSING “

CENTER
HOUSING

PIN
THRUST

" BEARING |
SEAL
RING

SNAP

1 RINGS

| s =
\ LB \‘
& S
(/% \ BEARING
THRUST
COLLAR GASKET
PISTON
RING

BOLT " yr COMPRESSOR

BOLT . / TURBINE

TURBINE
WHEEL ASS'Y.

PISTON by A
RING -

AW - /HREADED
_ . PLTIGS

d HOUSING

L-6392

Fig. 6 - Model TW4 103 Turbocharger and Relative Location of Parts
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TR

Fig. 7 - Removing Compressor Wheel Locking Nut

compressor backplate assembly to the center
section. Remove the backplate assembly (Fig.
10).

NOTICE: Tap the backplate lightly to remove it
from the center housing recess.

7. Remove and discard the seal ring from the groove
in the center housing (Fig. 11).

8. Lift the thrust bearing and thrust collar from the
center section and remove and discard the piston
seal ring (Fig. 12).

9. Remove the outer snap ring using J 28507,
bearing and inner snap ring from the compressor
side of the center section (Fig. 13).

6439 ‘ _ ) ’

Fig. 9 - Removing Turbine Shaft Assembly from Center
Hausing

10. Remove the outer snap ring using J 28507, bearing
and inner snap ring from the turbine side of the
center section.

Cleaning

Before cleaning, inspect all of the parts for signs
of rubbing, burning or other damage which might not
be evident after cleaning.

If for any reason the engine coolant system
requires cleaning refer to Section 5 of this service
manual for recommended procedures.

Soak all parts except for the turbine housing in a
non-caustic cleaning solvent for about 25 minutes.
After soaking, use a stiff bristle brush and remove all
dirt particles. Dry ali the parts thoroughly.

CAUTION: Never use a caustic
cleaning solution for cleaning as this

Fig. 8 - Removing Compressor heet From Turbine
Shaft

Fig. 1C - Removing Backplate

© 1985 General Motors Corp.
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Fig. 11 - Removing Seal Ring from Center Housing

will damage certain parts. Use the
cleaning solution in an open or well
ventilated area. Avoid breathing the
fumes. Keep away from open flames.
Do not use a wire brush or a steel
blade scraper to clean the parts.

Make sure that both wheel blades are thoroughly
clean. Deposits left on the blades will affect the balance
of the rotating assembly.

Clean all of the internal cavities and oil passages
in the center housing thoroughly with dry compressed
air.

Clean the oil passages in the thrust bearing and
thrust collar with compressed air.

Removing Piston Seal Ring

Fig. 13 - Removing Snap Ring.

Inspection

Refer to the Turbocharger Technicians’
Guide 7SE374 for further turbocharger information.

Inspect all of the parts for signs of damage,
corrosion or deterioration. Check for nicked, crossed
or stripped threads in the center section turbine and
compressor housings.

Visually tnspect the turbine and compressor
wheels and both housings for contact or signs of
rubbing. Check compressor wheel bore for galiling.

‘Measure the concentricity between the large and small
turbine shaft diameters with a dial indicator and Vee-
block. Limit of eccentricity is .01 mm {.0006") total in-
dicator reading. Replace if the measurement is excessive.

NOTICE: Do not attempt to straighten a bent
shaft.

Examine the turbine shaft for any damage to the
ring seal groove, bearing journals or thread damage.
The diameter of a new shaft journal is 10.15-10.16 mm
(.3997-.4000") - (Fig. 14).

Examine the bore diameter in the center housing
for any scoring or galling. The seal bore diameter of a
new center housing is 17.76-17.81 mm (.6990-.7010").
Also, examine the turbine shaft seal searing surface for
damage. The bearing bore diameter of a new center
housing is 15.80-15.81 mm (.6220-.6223") - (Fig. 15).

Inspect the compressor backplate assembly for
any contact with the compressor wheel or damage to
the piston seal ring seating surface (Fig. 16). The seal
bore diameter in the compressor backplate is 12.69-12.
71 mm (.4995-.5005").

All passages in the compressor housing, exhaust
turbine housing and oil passages in the center housing
must be free of any obstructions and cleaned prior to
assembly.

Page 6
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%
Fig. 14 - Measuring Turbine Shaft

Examine the water cooled exhaust turbine
housing for any cracks or leaking freeze plugs. Water
pressure testing of the turbine housing may be required
to determine leaks. Suitable plugs and plates must be
fabricated to complete test, and do not exceed 276 kPa
(40 psi) while performing the test.

Minor surface damage may be burnished or
polished. Use a Silicone Carbide abrasive cloth for
aluminum parts or a crocus abrasive cloth for steel
parts. It is recommended that the seal ring, piston
rings, bearings, snap rings, lockplates and thrust plate
be replaced at time of disassembly.

.»;'"jg’%x&j ) R
Fig. 16 - Inspecting Compressor Backplate Assembly

Assemble Turbocharger

Check each part prior to installation to ensure
cleanliness. As the parts are assembled, cover the
openings to prevent entry of dirt or foreign material.

All bolts must use a locking ¢ompound on the
threads of the bolt, with the exception of the center
housing to backplate bolts, which use lock plates. High
temperature adhesive 3M No. 2451 or equivalent,
must be applied sparingly.

Refer to Fig. 6 for parts orientation and proceed
as follows:

Fig. 15 - Checking Bore Diameter in Center Housing

© 1985 General Motors Corp.
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Fig. 17 - Installing Snap Ring

1. Install a new snap ring, bearing and snap ring in
the turbine end of the center housing using snap
ring pliers J 28507 (Fig. 17).

2. Install a new snap ring, bearing and snap ring in
the compressor end of the center housing, using
snap ring pliers J 28507,

3. Lubricate the bearings in the center housing with
clean engine oil.

4. Fill the piston ring groove in the turbine wheel
shaft with silicone grease. Carefully install the
new piston ring seal over the shaft bearing
journals and into the groove on the shaft (Fig.

18).

5. Position the wheel shroud on the wheel of the
shaft assembly and insert the shaft assembly into
the center housing as far as it will go (Fig. 19).

~ Fig. 18 - Installing New Piston Ring Seal

Fig. 19 - Positioning Shaft Assembly into Center
Housing

NOTICE: Be careful not to scuff or scratch the
bearings when installing the shaft and do not force
the piston ring into the center housing bore.

6. Place the turbine wheel shaft assembly, shroud
and center housing upright in holding fixture
J 29086-3.

NOTICE: If a holding fixture is not available,
clamp a suitable socket or box wrench in a vise and
place the extended hub on the shaft in the socket
-or wrench.

7. Lubricate the thrust collar and thrust bearing
with clean engine oil and install the thrust collar
on the shaft of the turbine wheel assembly. Then,
install the thrust bearing in the groove of the
collar and slide the assembled parts down against
the center housing so that the pins engage the
holes in the thrust bearing (Fig. 20).

8. Install a new piston ring seal on the thrust collar.

NOTICE: To ‘avoid breakage, do not force the
piston ring into place.

9. Install a new seal ring in the groove at the
compressor end of the center housing (Fig. 21).

10. Install the backplate assembly over the shaft and
carefully guide the piston ring on the shaft into
the backplate bore, ring gap first.

11. Align the previouslty marked compressor
backplate assembly to the marks on the center
housing and install the bolts and new lock plates.
Tighten the bolts to 11-15 N+m (100-13C Ib-in)
torque and bend the lock plate tabs up against the
side of the bolt head with a drift and hammer
(Fig. 22). ’

12. With the compressor wheel at room temperature,
position it over the shaft.

Page 8
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13.

14.

Fig. 20 -salli Thrust Collar and Thrust Bearing into

Center Housing

Lightly lubricate the shaft threads and wheel face
that will be under the nut with engine oil and
install the locknut on the shaft. Tighten the
1/4"-28 nut to 2 N-m (18-20 Ib-in) torque above
the drag torque required to bottom the locknut
(Fig. 23). Bottoming of the locknut will be
indicated by the sharp increase above the drag
torque observed while running the nut down.

Retighten the locknut with a tee-handle and
double universal with socket an additional 90° of
tightening rotation of the nut. This additional

Fig. 21 - Installing New Seal Ring in Center Housing

15.

16.
17.

18.

tightening will result in stretching the shaft .14
mm (.0055") to .16 mm (.0065") in length (Fig.
24).

Check the bearing axial end play:

a. Clamp the center housing assembly in a
bench vise equipped with soft jaws as shown
in (Fig. 25).

b. Fasten the dial indicator and magnetic base
J 7872-2 to the center housing so that the
indicator tip rests on the end of the rotating
shaft on the compressor side.

¢. Move the shaft axially back and forth by
hand. The total indicator reading should be
between .03-.08 mm (.001-.003"). If the
total dial indicator readings do not fall
within the specified limits, repair or replace
the rotating assembly.

Position the turbine housing as marked at
disassembly against the center housing and secure
it in place with clamps and bolts. Tighten the
bolts to 16-19 N-m (140-170 1b-in) torque.
Position the compressor housing as marked at
disassembly against the center housing and secure
it in place with clamps and bolts. Tighten the
bolts to 11-15 N-m (100-130 1b-in) torque.
Check the shaft radial movement:

a. Position the magnetic base J 7872-2 with
the swivel adaptor J 7872-3 on the flat
surface of the turbine housing inlet flange.

b. Fasten the dial indicator extension rod
J 7872-1 to the dial indicator J 8001-3 and
attach the dial indicator to the swivel
adaptor.

® 1985 General Motors Corp.
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ig. 23 - Tighten Locknut

»

Fig. 25 - Checking Bearing Axial End Play

c. Insert the extension rod J 7872-1 into the
oil drain tube mounting pad opening so that
the rod is against the wheel shaft and is

perpendicular to the shaft. move the rotating shaft first toward and

then away from the dial indicator, creating

NOTICE: Make sure the extension rod does not a transverse movement in the shaft. The dial
make contact with the sides of the center housing, - indicator displacement should be between
otherwise it will be impossible to obtain an 08-17 mm  (.003-.0065"). If the

displacement does not fall within these

accurate reading.
limits, disassemble and repair or replace the

d. Grasp eacl} end of the rotating assembly rotating assembly.
and, applying equal pressure at each end, 19, Ifit is to be stored, lubricate the center section
unit internally and install protective covers on all

openings.
20. Stamp the letter “R” and rebuild date in the
/ lower left-hand corner of the name plate to
identify that the turbocharger had been

reworked.

Install Turbocharger

1. If needed, attach a suitable lifting sling to the turbo-
charger assembly.

2. Remove all protective covers from the
compressor inlet and outlet openings, the turbine
housing inlet and outlet openings and lubrication
inlet and outlet openings.

3. Remove the protective coverings from the engine
openings that were installed at the time the
turbocharger assembly was removed.

4. Position the turbocharger assembly above the
¢ross-over exhaust manifold, using a new gasket,
align the coolant openings in the gasket and
install the turbocharger assembly on the
manifold. Install the special flat washers and
locknuts with anti-seize compound and tighten
the nuts to 58-66 N-m (43-49 1b-ft).

5. Connect the exhaust outlet elbow and tighten the
marmon flange clamp nut.

© 1985 General Motors Corp.
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10.
11.

12,

Connect the raw water hose at the exhaust cutlet
elbow and tighten the clamps.

Connect the compressor outlet hose to the air
intake piping, tighten the hose clamp.

Install oil drain tube, bolts, clamps and hose
using a new gasket. Tighten the clamps. Torque
the bolts to 41-47 N-m (30-35 Ib-ft)

Prior to connecting the oil supply line, fill the
center housing section with a few ounces of clean
engine oil. Connect the oil supply line to the
fitting in the center housing, tighten the nut.
Connect the engine coofant return line hose and
clamps, tighten the clamps.

Connect the air silencer, clamps and retainer
support bracket bolt, tighten the clamps and bolt.
Refer to Section 3.2.

Fill the engine cooling system as outlined in

13.
14,
15.

Section 5 and with the recommended coolant as
outlined in Section 13.3. Check for any leaks.
Open any valving that was secured, that supplies
raw water to the pump.

Check all the air, water and exhaust connections
for leaks.

Operate the engine at rated output and listen for
sound of metallic contact from the turbecharger.
If any such noise is apparent, stop the engine
immediately and correct the cause.

NOTICE: After the turbocharger has been
operating long enough to permit the unit and the
oil to warm up, the rotating assembly should coast
freely to a stop after the engine is stopped. If the
rotating assemlby jerks to a sudden stop, the cause
should be immediately determined and eliminated.

© 1985 General Motors Corp.
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TURBOCHARGER (Schwitzer)

The Schwitzer turbocharger, Model 3LM403, (Fig. 3)
is comprised of a centrifugal compressor which shares
a bearing system and rotor shaft with an exhaust gas
driven turbine. The turbocharger boosis the intake
pressure of an engine above that which would prevail
if the engine were naturally aspirated. The rotating
assembly is supported radially by a free-floating,
pressure lubricated, sleeve type bearing. Axial end
play is controlled by a stationary pressure lubricated
thrust bearing, with attendant hardware in the
compressor end of the bearing housing.

The oil cavity is separated from the air and exhaust
chambers by piston type seal rings located in the
cylindrical bores at both axial extremities of the
bearing housing.

The external configuration of both the Schwitzer and
the Airesearch turbochargers are identical and
hardware connections will not change. However, the
internal components are different.

Lubrication

Lubricating oil for the turbocharger is supplied under
pressure through an internal oif gallery from the
engine cylinder block to the center housing. From the
oil inlet in the center housing, the oil flows through the
drilled oil passages in the housing to the shaft bearing,
thrust bearing and thrust sleeve. The oil returns by
gravity to the engine oil pan through an internal oil
gallery from the bottom of the turbocharger center
housing to the cylinder block.

Periodic Inspection

NOTE: A turbocharger compressor inlet shield,
J 26554, (Fig. 1) is available for use anytime
the engine is operated with the air inlet piping
removed. The shield helps to prevent foreign
objects entering the turbocharger and prevents
a serviceman from touching the moving
impeller. The use of this shield does not
preclude any other safety practices contained in
this manual.

Inadequate air filtering and excessive restrictions to air
and exhaust flows will adversely affect turbocharger
life and performance. Do not permit resiriction levels
to exceed the specified limits (refer 10 Section 13.2).

A periodic inspection of the turbocharger should be
made along with an engine inspection.

Inspect the turbocharger mountings and check all of
the air ducting and connections for leaks. Make the
inspection with the engine running and with it shut
down. Check for leaks at the manifold connection, the
turbine inlet and exhaust manifold gasker.

NOTE: Do not operate the engine if leaks are
found in the turbocharger ducting or if the air
cleaner is not filtering efficiently. Dust leaking
into the air ducting can damage the tur-
bocharger and the engine.

Remove the inlet duct to the turbocharger compressor
housing and check for carbon or dirt buildup on the
impeller or in the housing. Excessive accumulations
indicate either a leak in the ducting or a faulty air
filtering system. Remove all such accumulations and
determine and correct the cause. Refer to Trouble
Shooting Turbocharger in Section 3.0. Uneven deposits
left on the compressor wheel can affect the balance
and cause premature bearing failure.

NOTE: Do not attempt to remove carbon or dirt
buildup cn the compressor or turbine wheels
without removing the turbocharger from the
engine. The blades on the wheels must be
thoroughly cleaned. If chunks of carbon are left
on the blades, an unbalanced condition would
exist and subsequent failure of the bearings
would result if the turbocharger is operated.

For proper operation, the turbocharger rotating
assembly must turn free. Whenever the exhaust

TURBOCHARGER

Fig. 1 - Inlet Shieid
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TROUBLE SHOOTING CHARTS

CHART 1
L drag on turbine wheal_]

|
[ 1 1 1 1
. . . foreign object
carbon builg-up dirt build-up bearing seizure dirty oF worn dams?ae toJ
behind turbine behind compressor bearings aither wheel
whee! wheal | J
. L excessive temperatures,
coked. ot ion air intake leaks imbalance, dirty oil,
deposits oil starvation, inguf-
ficient lubrication,

normal wear

CHART 2

, cil on compraessor wheal or in compressor housinq—l

I:il being pushad or pulled through from center housing—l

clogged engine restrictec exhaust air-intake clogged air
oil breathers flow —excessive restriction cleaner ole-

back pressure ment of col-

lapsed inlet
line

| excessive axhaust temperatures l

|

l cracked housings — overheated bearinuq

turbocharger failure

Fig. 2 - Inspection Checks for Turbocharger
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ducting is removed, spin the turbine wheel by hand. If
it does not spin freely, refer to Chart 1, Fig. 2. Inspect
the compressor and turbine wheels for nicks or ioss of
material. 'Both wheels are precision balanced. A
broken or bent blade can throw the rotating assembly
out of balance and shorten the life of the
turbocharger.

Check for signs of oil leaking from the turbocharger
housing. Lubricant applied under pressure to the
center housing while the shaft is not turning may
allow oil to enter the turbine and compressor housings.
However, after the turbocharger has been operated for
a time under load conditions and with the Inlet
restriction at normal, oil in these sections should
disappear, If the oil does not disappear, refer to
Chart 2, Fig. 2.

Tests show there are three conditions that contribute to
oil seal leakage at the internal turbocharger oil seal.

1. A worn or defective oil seal, which must be
replaced.

2. High air inlet restriction {above specificd limits).
This will cause oil to be pulled past the oil seal.

3. Long periods of operation where the engine is being
motored (using the engine as a braking device when
going down a long hill}. This can also cause oil to pass
by the oil seal.

To confirm oil leakage from one or more of these
conditions, remove the compressor housing and inspect
the backplate. If the surface is wet with oil it indicates
leakage.

If this test does not show leakage patterns, the oil seal
assembly is good for normal operation. This simple
test will allow some positive testing on each engine in
all cases.

Turbocharger compressor end shaft oil seal effec-
tiveness can be determined by the following
procedure;

1. Determine that air inlet restriction is within the
Detroit Diesel maximum limit. Refer to Section 13.2.

2. Be certain that the turbocharger oil drain is
unrestricted.

3. Be certain that the turbocharger has not obviously
been damaged and in need of major repair.

4. Remove the air intake ducting, Inspect inside of the
ducting for evidence of oil. If oil is found in the intake
system, determine the source before proceeding with
the compressor seal test and also thoroughly remove
oil from the intake.

5. Remove the compressor housing from the
turbocharger.

6. Thoroughly clean the internal surfaces of the
compressor housing, the impeller cavity behind the
impeller, and the backpiate annulus with a suitable
solvent spray and then dry completely with shop air.

7. Spray the backplate annulus with a light coating of
“Spot-Check” developer type SKD-MF, or equivalent.

8. Install the compressor housing on the turbocharger
and reconnect the inlet and outlet connections.

9. Warm-up the engine to normal operating
temperature.

10. Operate the engine at no load at the governor
limited high speed for approximately five minutes.

11. Return the engine to low idle and then stop it.

12. Remove the intake duct and outlet hose and then
remove the compressor housing. Evidence of compres-
sor end shaft seal oil leakage will be observed as oil
streaks in the “Spot-Check” developer on the
backplate annulus. This surface should be completely
free of oil streaks after the test.

13. If leakage is detected, and oil is positively not
entering through the intake duct, then the tur-
bocharger may be removed from the engine and
inspected for damaged components.

Remove Turbocharger

1. With the air cleaner removed loosen the two hose
clamps between the air cleaner adaptor to air inlet
elbow.

2. Remove four attaching bolts and lift the adap'tor from
the turbo to intake connector.

3. Loosen the hose clamp at the turbocharger to inlet
elbow and remove the elbow.

4. Loosen the two hose clamps securing the cover sleeve
to the connector (turbocharger to air intake manifold).

5. Loosen the exhaust tube clamps at the exhaust mani-
fold to turbocharger inlet tubes. Remove the clamps
and tubes.

6. Remove the turbocharger to cylinder block attaching
bolts and lift the turbocharger from the block.

7. Remove the turbocharger to cylinder block oil ring
seal from the block and discard it.

8, Cover the air inlet, oil connections and exhaust
openings on the engine to prevent the entry of foreign
material.

© 1981 General Motors Corp.
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Disassemble Turbocharger
CAUTION: During disassembly it is recom-
mended that safety glasses be used.

l. Clean the exterior of the turbocharger with a non-
caustic cleaning solvent before disassembly and
proceed as follows:

NOTE: Exercise care when removing the
compressor housing and turbine housing from
the bearing housing to prevent damage to the
compressor and turbine wheels.

2. Support the turbine housing and bend back the lock
tabs on the lock plates. Then remove the four screws,
two lock plates and two clamps.

Fig. 3 - Model 3LM Turbocharger and Relative Location of Parts

as an assembly out of the turbine housing and invert it
and place it on a work bench with the turbine wheel
facing up.

4. Remove the eight screw and lock washer assemblies
and four clamps. Then remove the rotating assembly
from the compressor cover.

5, With the turbine wheel lug of the rotating assembly
in a2 1 wrench {Fig. 4), remove and discard the
compressor wheel lock nut.

6. Remove the compressor wheel from the turbine
shaft assembly by hand (Fig. 5). The wheel is a slip fit
on the shaft.

7. Remove the external snap ring from the compressor
end of the bearing housing (Fig. 6). Use medium size

3. Remove the rotating assembly and compressor cover

Page 4
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Turbocharger  3.5.1

internal snap ring pliers and restrain the ring with a
shop cloth to prevent injury, in the event the ring goes
astray.

8. Remove the compressor inseri from the bearing
housing by prying evenly and gently with screw
drivers placed under the lip of the insert (Fig. 7).

NOTE: If the insert tilts and binds, tap it back
into place and repeat the procedure. Do not
force the insert from the bearing housing.

9. Remove the oil deflector, outer piston ring, thrust
sleeve, thrust bearing (discard} and inner piston ring
from the cavity in the bearing housing.

NOTE: Do not remove the dowels from the
bearing housing.

10. Tap the turbine shaft assembly gently with a plastic
faced mallet to release it from the bearing housing
(Fig. 8).

11. Remove the turbine wheel and shaft assembly. The
shaft should slip freely out of the bearing after the
initial release by tapping.

12, Remove and discard the turbine shaft bearing
_from the bearing housing bore (Fig. 9).

ROTATING
ASSEMBLY

Fig. 4 - Removing Compressor Wheel| Lock Nut

TURBINE COMPRESSOR

SHAFT \ WHEEL
2

Fig. 5 - Removing Compressor Whee! from
Turbine Shaft

13. Separate the backplate from the bearing housing.

NOTE: If the seal ring bore in the bearing
housing is encrusted with carbon, preventing
removal of the bearing components, scrape
away the carbon with a sharp-edged tcol. Do
not seratch or gouge the seal ring bore surface.

14. Remove and discard the seal ring from the turbine
wheel-and-shaft by prying and breaking with a screw
driver. Take care not to mar the hub or groove
surfaces of the turbine wheel.

Cleaning Procedures
1. Bearing Housing and Dowe] Assembly:
a. Scrape or wipe appropriately any loose or heavy

foreign material accumulations from the exterior
surfaces.

© 1981 General Motors Corp.
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BEARING
HOUSING

TURBINE
SHAFT
ASSEMBLY

e
BEARING
HOUSING

Fig. 6 - Removing External Snap Ring from
Bearing Housing

b. Immerse briefly in safety solvent to remove any
traces of oily residue.

c. Dry with clean compressed air, again taking care
that all drilled oil passages are thoroughly
cleaned.

d. Oil all interior and exterior surfaces to prevent
rust and immediately wrap in a clean, dry plastic
bag until inspection and reuse.

2. Compressor Wheel:

COMPRESSOR
INSERT

BEARING
HOQUSING

Fig. 8 - Tapping Turbine Shaft Assembly from
Bearing Housing

a. Immerse briefly in safety solvent to remove any
traces of oily residue.

b. Dry with clean compressed air.

. Immediately wrap in a clean, dry_plastic.bag until-. __. .

inspection and reuse. —

3. Turbine Wheel-and-Shaft Assembly:

BEARING
HOUSING

5698

Fig. 7 - Removing Compressor insert from
Bearing Housing

Fig. 9 - Removing Turbine Shaft Bearing from
Bearing Housing

Page 6
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Turbocharger 3.5.1

a. Immerse briefly in safety solvent to remove any
traces of oily residue.

b. Dry with ¢lean compressed air.

¢. Mask the entire shaft section with either
appropriately sized rubber hose or adhesive
backed cloth tape.

d. Vapor blast or dry hone the entire turbine wheel
and the hub to total cleanliness, taking care not o
concentrate on the seal ring groove.

e. Remove the masking material.

f. Mount the small diameter shaft section in a lathe
chuck, taking care not to mar the shafl surface.
Lightly polish the bearing journal section of the
shaft, at 300 to 600 rpm, with 400 grit abrasive
paper and clean engine oil.

g Reimmerse briefly in clean safety solvent, agitating
moderately by hand to help loosen any remaining
particles of foreign material.

h. Dry with clean compressed aif.

1. Qil the shaft surfaces liberally to prevent rust and
immediately wrap in a clean, dry plastic bag until
ispection and reuse.

4. Compressor Housing:

a. Scrape or wipe appropriately any loose or heavy

foreign material accumulations from the exterior

surfaces.

b. Immerse briefly in safety solution to remove any
traces of oily residue.

c. Dry with clean compressed air.

d. Immediately wrap in a clean, dry plastic bag until
inspection and reuse.

5. Turbine Housing and Turbine Backplate:

a. Immerse briefly in safety solvent to remove any
traces of oily residue.

b. Dry with clean compressed air.

c. Oil all interior and exterior surfaces to prevent rust
and immediately wrap in a clean, dry plastic bag
until inspection and reuse.

6. Clamp Bands:

a. Immerse in safety solvent until foreign material
deposits have been softened or dissolved,
agitating moderately and occasionally by hand.

b. Dry with clean compressed air.

¢. Wrap immediately in a clean, dry plastic bag unti!
inspection and reuse.

7. Small Internal Parts:

a. Immerse briefly in clean safety solvent to remove
any traces of oily residue.

b. Wipe dry with a clean shop rag.

c¢. Oil liberally to prevent rust and wrap immediately
in a clean, dry phastic bag until inspection and
reuse.

Inspection
1. Bearing Housing and Dowel Assembly:

a. Inspect visually for evidence of cracks and
fractures, pitting (as from corrosion or hot gas
erosion) of gasket and other machined surfaces,
and warpage of the wurbine end flange. Replace if
any of the above conditions are excessive.

b. Closely inspect the bearing bore visually for
evidence of surface distress. The condition of the
bearings that were removed during disassembly
will serve as a good indicator of probable bore
condition. Replace if the bore condition is sub-
standard. The maximum bore diameter is 19 mm
(.7505").

¢. Install the turbine seal ring in its bore, inspect

BEARING
HOUSING

Fig. 10 - Checking Turbine Seal Ring Gap in
Bearing Housing

© 1982 General Mators Corp.
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3.5.1 Turbocharger

FUEL PINCHER

visnally for full circle contact, and measure the
ring gap with a feeler gage (Fig. 10). The gap
range is .05 mm (002 °7) to .17 mm (007 "}
Replace if the ring fit is faulty.

NOTE: Do not attempt to restore the bore
condition by reaming or honing.

2. Compressor Wheel:

Inspect visually for evidence of bent, burred or eroded
vanes and for evidence of scuffing on the backplate.
Replace il this damage is present. Slightly nicked
vanes are acceptable.

MOTE: Do not attempt to straighten bent vanes.
3. Turbine Wheel and Shaft Assembly:

a. Inspect the wheel visually for evidence of bent,
burred or eroded vanes and for evidence of
scuffing on the back face. Replace if damaged.

MNOTE: Do not attempt 1o straighten bent vanes,

b. Inspect the hub visually for evidence of smearing
{as from high speed contact with the bearing
housing bore) and for deterioration of the seal
ring groove. Replace if damage is excessive.

c. Inspect bearing journals visually for evidence of
other than superficial deterioration (as from a
bearing failure). Replace if journal condition is
sub-standard. The minimum journal diameter is
11.176 mm (.4400").

d. Measure the concentricity between the large and

TURBINE
SHAFT
ASSEMBLY

DAL TEST
INDICATOR

v BLOCK

Fig. 11 - Measuring Concentricity Between
Large and Small Turbine Shaft Diameters

small turbine shaft diameters with a dial test
indicator and vee-block (Fig. 11). Limit of
eccentricity is .01 mm (0006 ) total indicator
reading. Replace il the measurement is excessive.

NOTE: Do not attempt to straighten a bent
shaft. :

4. Compressor Housing:

Inspect visually for evidence of contour damage (as
from high speed wheel contact). Replace if damaged.

5. Turbine Housing and Backplate:

Inspect visually for evidence of contour damage (as
from high speed wheel contact) and for evidence of
excessive heat damage, to internal and flanged
surfaces, such as ¢racking, pitting or warpage. Replace
if damaged.

6. Small Internal Parts:

4. Install the compressor seal ring in the insert bore,
inspect visuaily for full circle contact and measure
the ring gap with a feeler gage. Gap range is 05
mm {.002 /) to .17 mm (.007 *). Replace the insert
if the ring fit is faulty.

NOTE: Do not attempt to restore bore condition
by reaming or grinding.

| TURBINE
la— SHAFT -
ASSEMBLY

.

Fig. 12 - Installing Seal Ring on Turbine Shaft

Page 8
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Turbocharger 3.5.1

b. Inspect both thrust rings visually for evidence of

y; T wear and scratching. Replace if damaged.

e
Assemble Turbocharger

1. Place the turbine housing in a vise with the six
threaded holes facing up.

2. Lubricate a new piston ring with clean engine oil
and install it in the ring grooves of the wheel and
shaft assembly (Fig. 12).

NOTE: Do not over expand the ring.
3. Position the bearing housing, turbine end up

(Fig. 13). Then install the turbine backplate.

NOTE: The backplate has no attachment to the
bearing housing. Its position is fixed when the
bearing housing and turbine housing are
clamped together.

4. Lubricate the piston ring area of the shaft and

BEARING
HOUSING

5824

Fig. 13 - Assembling Bearing Housing
and Backplate

- WHEEL AND BEARING
\\ SHAFT HOUSING
i

Fig. 14 - Installing Shaft and Wheel Assembly
Through Back Plate into Bearing Housing

wheel assembly with clean engine oil and install it
through the backplate and into the bearing housing
(Fig. 14).

NOTE: Be careful and avoid damage to the
piston ring.

5. Holding the end of the shafi, to prevent the shaft
and wheel assembly from falling out of the bearing
housing, install the assembly in the turbine housing
wheel end down.

6. Lubricate the inner and outer diameter of the
bearing. Then install the bearing down over the shaft
and into the bearing housing bore.

7. Lubricate the thrust faces on both side of the thrust
bearing and install the bronze side of the bearing over
the shaft and groove pins, engaging the pins to the
holes in the thrust bearing (Fig. 15).

8. Install the oil deflector on the thrust sleeve.

9. Lubricate a new piston ring and install it on the
thrust sleeve.

NOTE: Do not over ex[;and the piston ring.

10. Lubricate a new seal ring and install it in the
groove on the insert.

11. Lubricate the thrust sleeve and instali the small
end into the hole of the insert from the concave side
of the insert. Be careful to avoid damage to the piston
ring.

€ 1981 General Motors Corp.
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THRUST
BEARING

BEARING
HOUSING

TURBINE
HOUSING

Install Thrust Bearing in Bearing
Housing

Fig. 15 -

12. Lubricate the thrust cavity in the bearing housing
and install the insert, oil deflector and thrust sleeve
assembly over the shaft and into the bearing housiag
(Fig. 16). Align the oil deflector to mate with the 01[
drain cavity in the bearing housing,

NOTE: It may be necessary to tap the insert
with a soft hammer to seat it completely. Do
not damage the seal ring.

13. Install the external snap ring in the compressor end
cavity of the bearing housing. Be sure the ring seats
fully in the groove, by twist-prying against the insert
rim with a screw driver,

CAUTION: To prevent eye or facial injury, use a
rag to snub the ring should it slip from lhe
pliers during compression (Fig. 6).

14. Mount a dial indicator on the bearing housing with
the stem resting on end of the shaft. Make sure that
the turbine end of the bearing housing is properly
seated in the turbine housing. Then move the shaft
verticaily to determine turbine wheel contour clear-
ance, It must be .46 mm (018 */) to 1.24 mm (.049 '*)..

..
N
BEARING
TURBINE
HOUSING WUEEL
5702
Fig. 16 - Installing Compressor Insert in

Bearing Housing

If the clearance *is not within these tolerances,
disassemble the unit to determine the cause. Look for
burrs, dirt particles or incorrectly assembled parts. Re-
assemble and check the contour clearance, If it is still
out of tolerance, do not attempt to use.

TORQUE
WRENCH

ROTATING
ASSEMBLY

. Fig. 17 - Tightening Compressor Locknut

Page 10
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TURBINE
WHEEL

FEELER
GAGE

Fig. 18 - Checking Turbine Wheel to Backplate
Clearance

15. Install the compreséor wheel on the shaft.

16. Lubricate the back face and threads of the lock nut
with anti-seize compound. Install the lock nut on the
shaft finger tight (until elastic of nut engages shaft
threads) and place an 11/16” socket on the turbine
wheel lug to prevent the shaft from turning. Use a
torque wrench to tighten the 5/16”-24 lock nut to 18 Nm
(13 Ib-ft) torque (Fig. 17).

17. Mount the dial indicator on the bearing housing
with the stem resting on the end of the shaft to check
end play. Total movement must be .05 mm (002 ') to
.12 mm (.005 *). If not within these tolerances, proceed
as in Step 14 above.

18. Place the compressor cover on a work bench with
the wheel cavity up. Lubricate the pilot diameter with
grease or oil and place the rotating assembly in the
compressor cover with the turbine wheel up.

19. Check the turbine wheel back clearance by placing
two equal feeler gage stacks between the back face of
the turbine wheel and the backplate on the opposite
sides of the shaft (Fig. 18). Clearance must be .43 mm

(017 ) to 1.24 mm (.049 ). If clearance is noi within
limits, proceed as in Step 14 above.

20. Install four clamp plates and eight screw and lock
washer assemblies. Tighten the screws to 7 Nm (5 Ib-
ft) torque. Use care not to overtighten the screws.

NOTE: If the compressor cover needs to be re-
oriented upon installation on the engine, do not
tighten the screws at this point.

21. Turn the unit over and install it in the turbine
housing. Apply anti-seize compound to the threads of
the six screws. Install the three clamps, three lock
plates and six screws. Tighten the screws to 16 Nm (12
Ib-ft) torque.

22. Bend the tabs of the lock plates up against one flat

of each screw.

NOTE: If the turbine housing needs to be re-
oriented upon installation on the engine, do not
tighten the screws or bend the lock plate tabs at
this point.

23. Inject approximatety 7.5 ML (1/4) ounce of clean
engine oil into the oil inlet port of the bearing
housing.

24. Spin the rotating assembly by hand to assure
smooth and free rotation.

25. Seal the completed unit in a clean, dry plastic bag
until installed on the engine.

Install Turbocharger

1. Remove the covers from the air inlet and exhaust
outlet openings on the engine that were placed over
the openings when the turbocharger was removed.

2. Inspect the intake and exhaust systems leading o
the turbocharger to ensure absence of foreign material
(even small particles can cause severe damage to the
rotating assembly when inducted a1 high speeds).

3. Remove the oil hole cover and place a oil seal ring
in the counterbore in the mounting pad on the
cylinder block. Place the turbocharger in positicn and
attach it with two bolts.

NOTE: When a turbocharger is replaced, due to
a failure, it should have oil poured into it, before
it is installed on the engine. Rotate the shaft to
coat the bearings with oil. If the engine has been
in storage, pressure lubricate the system throogh
an oil gallery in the cylinder block. This will also
pre-lubricate the turbocharger.

¢ 1981 General Metors Corp.
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4. Posttion the sleeve spaced equally on the ends of the
air inlet housing and the compressor housing. Fasten
the sleeve with two clamps.

5. Place a exhaust inlet tube between the exhaust
manifold flange and the turbine housing flange at the
left bank. Using a clamp at each end of the tube
fasten the clamps securely to the manifold and
housing flange. .

6. Also on the right bank install the inlet tube between
‘the exhaust manifold and turbine housing and attach
with clamps as in Step 5.

7. Check all connections, dicts and gaskets for leaks. '

8. Operate the engine at rated output and listen for

sounds of metallic contact from the turbocharger. If
any such noise is apparent, shut the engine down
immediately and correct the cause.

NOTE: Bring the engine to idle speed so that
the turbocharger has a chance to slow down
before the engine is shut down and oil pressure
is lost.

MNOTE: After. the rturbocharger has been
operating long enough to permit the unit and
the oil to warm up, the rotaling assembly
should coast freely (o a stop after the engine is
stopped. If the rotating assembly jerks to a
sudden stop, the cause should be immediately
determined and eliminated.

Pége 12
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TROUBLE SHOOTING

TURBOCHARGER

CONDITION

PROBABLE CAUSE

SUGGESTED REMEDY

NOISY OPERATION OR
VIBRATION

WHEEL $HAFT BEARINGS ARE NCT
BEING LUBRICATED

Supply required oil pressure.
Clean oil gallery. If trouble
persists, overhaul turbocharger.

IMPROPER CLEARANCE BETWEEN
TURBINE WHEEL AND HOUSING

Remove, disassemble, and inspect
turbocharger.

LEAK IN ENGINE AIR INTAKE OR
EXHAUST MANIFOLD

Tighten all loose connections or
Replace exhaust manifold gaskets
as necessary.

ENGINE WILL NOT DELIVER
RATED POWER

CLOGGED AIR INTAKE SYSTEM

Check air cleaner and clean air
intake ducts.

FOREIGN MATERIAL LODGED IN
COMPRESSOR OR TURBINE
WHEELS ’

Remove, disassemble and clean
turbocharger,

EXCESSIVE DIRT BUILD-UP IN
COMPRESSOR

Thoroughly clean compressor
assembly. Clean air cleaner and
check for leaks.

LEAK IN ENGINE AIR INTAKE OR
EXHAUST MANIFOLD

Tighten all loose connections or
replace exhaust manifold gaskets
as necessary. :

ROTATING ASSEMBLY BEARING
SEIZURE

Remove and overhaul
turbocharger.

© 1985 General Motors Corp.
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3.0 Trouble Shooting FUEL PINCHER

TROUBLE SHOOTING CHARTS

CHART 1

| drag on turbing wheal J

| 1 1 i i 1
carbon byild-up dirt build-up bearing seizure dirty ar warn :;‘-:’;i::eo't;jucl
behind turbine behind compressor bearings .
whaet wheel I I either wheel

I I 1

coked oil air intake lsaks axcessive lemperatures,

o combustion imbaiances, dirty oil,

deposits oil starvation, insuf-
tigient {ubrication,

noreel wear

CHART 2

oil en compressor whesel or in compressor hou:ingl

oil baing pushed or pulled through from center housinil
clogged engine restricted exhaust ir-intake clogged aif
oil breathers llow — excessive restriction silencer, air

back pressure cleaner element
ot collapsed

inlet line

rn.casgiva sxhaust temperatures J

l cracked housings — overhested banringi]

turbocharger failure
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3.0

STANDARD METRIC BOLT AND NUT TORQUE SPECIFICATIONS

Thread Size
Diameter X MM
Per Thread

M5 X .8
M& X 1.0

T mE X 1.257'
MIO X 1.50
MI12 X 1.75
M14 X 2.0
MI16 X 2.0

M20 X 2.5

i 7 BOLT ‘CLASSES / TORQUES
8.8 9.8 10.9
Nm/LB-FT Nm/LB-FT Nm /LB-FT
None used 5.0-6.0/3.7-4.4 7.0-8.0/5.2-5.9
" " 10-12/7.4-9.0 13-15/10-11
z z 23-27/17-20 30-34/22-25
z o 46-53/34-39 58-66/43-49
. - 79-91/58-67 101-116/74-86

£ . sr

334-384/246-283

126-144/93-106
192-220/142-162

None used

160-184/118-136

245-280/181-207

478-550,353-406

STANDARD METRIC BOLTS

Metric Bolts — Identification class numbers correspond 1o bolt
strength — Increasing numbers represént increasing strength. © .+ -
Manufacturers ~

Identification

Strength

Identification Bolt Head

"© 1985 General Motors Corp. July, 1985 SEC. 3.0 Page 3



3.0 Specifications FUEL PINCHER

BOLT AND NUT TORQUE SPECIFICATIONS

THREAD TORQUE TORQUE
APPLICATION SIZE (Nm) (Ib-ft)
Airinletmanifoldbolt(€) ...... ... .. ... ... .. ... .. M6 x 1.0x 10 46-53 3439

Turbocharger mountcover . ........... .. ... ... ..., M10 x 1,50 x 25 46-53 34-39

(E) = Exception To Standard,
SERVICE TOOLS

TOOL NAME TOOL NO.
Turbocharger

Dial indicator. . ... e e J 8001-3
Magnetic base indicator set. ... ... . . e s J 7872
SNAP FINE DI IS. . . o e e e e J 28507

Page 4 © 1985 General Motors Corp.
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DETROIT DIESEL 8.2L 4
LUBRICATION SYSTEM
CONTENTS
LubDTiCAtION SYSLEII reveviiiiiiiieiersiiiiiniareeriereseerimratreetstessssessrarssnrrssensecessesrnsasarnanmmmmsseessstsneamnasmessssnsans 4
Lubricating Cil PUMD ...ooooe et e et e et b e s e ssame e 4.1
Lubricating Oil Pressure Regulator ...t renesn e, 4.1.1
Lubricating Qil FilLETS ..o oot resa e rn s s rsg e s e e s ne e s ey 42
Lubricating Ol COOLET .......icvieiiiiiiicne e s et ree e er s e et st ne e sne e es e ar e n e a T e 4.4
Oll Level DHPSHCK oot ee e et e e e e bt e reee e bbe s s st e e snn e e ety ranan 4.6
OIL PAN oot et e se st e te e e ets s saen st e smeee s e eese b s e eanr s sanen e e sbe e s ba e e nn e e e aes s 4.7
Ventilating SYSIEM ..ottt eae e e ese e s ee e e e s bt saree e e bbb s bar s e e e ns e e e enae s 4.8
Specifications - SErviCe TOOLS ...c..coocoiviiiieet et eeee e e ev e b e e s e see et saees s sbemene 4.0

LUBRICATION SYSTEM

The engine lubrication system includes an oil
intake screen and tube assembly, an oil pump, an oil
pressure regulator valve, full flow oil filters with a
bypass valve, an oil cooler and oil cooler bypass valve
(Fig. 1).

A rotor type oil pump is located in a recess at the
lower front of the cylinder block. The oil pump gear is
driven by the camshaft gear.

Qil enters the pump through a screened inlet
located near the bottom of the oil pan. The pressurized
oil from the pump passes through the oil filter located
on the right front side of the cylinder block. The oil
filter adaptor has a bypass valve which, in the event of
filter restriction, will open at 103 kPa (15 psi). Engine
oil is then directed to the oil cooler and then to the
engine oil galleries. A bypass valve in the filter base
allows continous oil flow to the engine in case of cooler

© 1985 General Motors Corp.
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4 LUBRICATION SYSTEM

DETROIT DIESEL 8.2L

ROCKER ARM

TURBO
LUBE TURBO
DRAIN LUBE
TO
GRANKCASE ~._,

INSET

CAMBUSHING

/

o]18
GALLERY

OIL COOLER
BYPASS VALVES

Oy,
.

Cray TO ROCKER
TO LEFT ¥KCasg DRy, ARM LUBE
BANK HEAD N
TO RIGHT

PRESS. REG. VALVE

PRESS RELIEF VALVE

QIL FILTERS

ROCKER ARM SHAFTS

RIGHT
BANK
CYL.
HEAD

BANK HEAD

OIL PUMP

OIL FILTER
ADAPTER
HOUSING

Fig. 1 - Lubrication System with il Cooler

restrictions. This bypass valve opens at about 103 kPa
{15 psi). Oil then enters the main oil gallery where it
is distributed to the five main bearings. The five
camshaft bearings are lubricated from vertical passages
intersecting the main bearing oil passages. At the front
main bearing a third passage connects the right main
oil gallery to the left gallery which then feeds the left
bank of rocker arms and the turbocharger. Marine
turbochargers are supplied lubrication by an external
oil line from the left bank cylinder head.

A drilled oil passage at the front of the right bank
and at the rear of the left bank cylinder head is supplied
with oil from the bores located at respective ends of the
cylinder block.

The connecting rod bearings are oiled by constant
oil flow from passages drilled through the crankshaft
connecting the main journals to the rod journals. A
groove around each upper main bearing half furnishes
oil to the drilled crankshaft passages.

Page 2
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DETROIT DIESEL 8.2L

LUBRICATION SYSTEM 4

Oil returns to the oil pan reservoir from the
rocker arms through passages at each end of the
cylinder heads. Oil from the push rod compartment,
returns through clearance holes in the lower portion of

the compartment near the camshaft. The gear train

compariment drains directly into the oil pan.

The crankcase capacity is 9.5 liters (10 quarts).

© 1985 General Motors Corp.
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FUEL PINCHER

4.1

LUBRICATING OIL PUMP

The lubricating oil pump assembled in a recess at the
front of the cylinder block is of the rotor type in which
the inner rotor is driven by the outer gear. The outer
rotor gear is driven by the camshaft gear. Only one
lobe of the inner rotor is in full engagement with the
cavity of the outer rotor at any given time, so the
former can revolve inside the latter without
interference.

Operation

As the rotors revolve, a vacuum is formed on the inlet
side of the pump and cil is drawn from the oil pan,
through the oil pump inlet pipe and a passage in the
cylinder block into the rotor compartment of the
pump. Oil drawn into the the cavities between the
inner and outer rotors on the inlet side of the pump is
then forced out under pressure through the discharge
port intc a passage in the cylinder block which leads to
the lubricating oil filter and coeler, (if used) and is
then distributed throughout the engine,

If a check of the lubrication system indicates improper
operation of the oil pump, remove and disassemble it
as outlined below,

Remove Oil Pump
1. Drain the coclant from the engine.
2. Loosen and remove the fan drive and other belts.

3. Remove the fan and fan hub pulley from the water
pump drive hub,

4. Disconnect the water hose at the thermostat housing
and the other water hoses.

5. Remove the water pump assembly attaching bolts
and lift the pump from the front cover. Clean any
gasket material from the pump body and front cover.

6. Remove the crankshaft pulley retaining bolt and
washer. Refer to Sec. 1.3.7. Use crankshaft pulley
removing tool J 29025-A and pull the pulley from the
front end of the crankshaft.

7. Remove the front engine mount.

NOTE: If the removal of the oil pump becomes
necessary while the engine is in the vehicle, the
front of the engine must be supported in order
to perform this operation. Loosen the oil pan
bolts to facilitate removal of the front cover.

8. Remove the front cover mounting bolts. Lift the
cover off the dowels in the front end of the cylinder
block leaving the gear train exposed. Clean any gasket
material from the cylinder block and the front cover.

9. Loosen and remove the oil pump cover retaining
bolt and cover. Remove the outer rotor gear. Then
remove the inner rotor and hub.

Inspection

Wash all of the parts in clean fuel oil and dry them
with compressed air.

The greatest amount of wear in the oil pump is
imposed on the lobes of the inner and outer rotors.

This wear may be kept to a minimum by using clean
oil. If dirt and sludge are allowed to accumulate in the
lubricating system, excessive rotor wear may occur in a
comparatively short period of time.

Inspect the lobes and faces of the pump rotors and the
pump bushing in the cylinder block for scraiches or
burrs. Scratches or score marks may be removed with
a fine stone.

GOVERNOR DRIVE © il 5 g’
GEAR - :

CRANKSHAFT
GEAR

Fig. 1 - Lubricating Qil Pump Mounting
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4.1 Lubricating Oif Pump

FUEL PINCHER

Measure the clearance between the inner and outer
rotors at each lobe. The clearance should not be less
than .05 mm (.002") or more than .15 mm (006").

Inspect the teeth on the outer rotor gear for chipped or
worn teeth. If the teeth are excessively worn, replace
the parts. The rotors are serviced as matched sets,
therefore, if one rotor needs replacing, replace both
rotors. Refer to Section 4.0 for replacing and
machining the oil pump bushing.

Assemble Oil Pump In Block

After the oil pump parts have been cleaned and
inspected refer to Fig. 1 and assemble the oil pump in
the cylinder block as follows:

I. Lubricate the oil pump outer rotor with engine oil
and place it in the cylinder block.

2. Lubricate the oil pump inner rotor with engine oil
and place it on the hub,

3. Install the inner rotor and hub with the smaller
diameter end of hub into the outer rotor. Seat the
small diameter in the bolt hole counter-bore.

4. Install the cover and bolt over the pump and tighten
the bolt to $8-66 Nm (43-49 [b-ft) torque.

5. Ratate the gear (7) full turns to insure freeness of
the pump after installation. Oil pump gear backlash
should be 0.076-0.152 mm (0.003-0.006") new or 0.229
mm (0.009") maximum.

6. Refer to Section 1.3.5 and install the front engine
cover.

7. Install the water pump assembly.
8. Install the front engine mount.
9. Install the pulley on the end of the crankshaft.

10. Install the fan hub pulley and fan on the water
pump drive hub.

11. Install the fan pulley and other drive belts. Use
belt tension gage J 23600-B to adjust the belt tension.

Page 2
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FUEL PINCHER

4.1.1

LUBRICATING OIL PRESSURE REGULATOR AND RELIEF VALVES

Stabilized lubricating oil pressure is maintained within
the engine at all speeds, regardless of the oil
temperature, by an oil pressure regulator valve
installed in the cylinder block at the right front

(Fig. 1).

The oil pressure regulator consists of a hollow piston-
type valve, a spring, pasket and plug. The valve is
located in an oil gallery in the cylinder block and -is
held tight against a counter-bored valve seat by the
valve spring and plug. When the oil pressure exceeds
483 kPa (70 psi) the valve is forced from its seat and
the lubricating oil is by-passed to the oil pump inlet.

Under normal conditions, the pressure regulator valve
should require very little attention. If sludge
accumulates in the lubrication system, the valve may

not work freely, thereby remaining open or failing to
open at the normal operating pressure. Whenever the
lubricating oil pump is removed for inspection, the
regulator valve and spring shouid also be removed,
thoroughly cleaned in fuel oil and inspected.

Remove Oil Pressure Regulator Valve

1. Remove the plug and washer from the cylinder
block at the right front side of the block.

2. Withdraw the spring and the valve from the valve
bore in the cylinder block.

M CYLINDER
BORE

b REGULATOR
VALVE BORE

GOVERNOR GEAR
BORE

FRONT MAIN
BEARING CAP

Fig. 1 - Location of Oil Pressure Regulator and Relief Valve Bores
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4.1.1  Qil Pressure Regulator

FUEL PINCHER

inspection

Clean all of the components in fuel oil and dry them
with compressed air. Then inspect the parts for wear
or damage.

The regulator valve must move freely in the valve
bore. If the valve is scored and cannot be cleaned up
with crocus cloth, it must be be replaced.

Replace a fractured or pitted spring.

Use valve spring tester J-22738-02 1o check the spring load
of the regulator and relief valve springs. Replace a spring if
a load of less than 289.13N (65 Ibs.) will compress the
spring to 50.8 mm (2.0").

Install Qil Pressure Regulater Valve
1. Apply clean engine oil to the outer surface of the
valve and slide it into the valve bore in the block at

the right front side, closed end first.

NOTE: The pressure regulator and relief valves
and springs are interchangeable with each other.

2. Install a new gasket on the plug.
3. Insert the spring in the valve.

4. While compressing the spring, start the (1-1/4"-16)
plug. in the block, then tighten the plug to 130-145 Nm
{96-107 Ib-ft) torque.

Oil Pressure Relief Valve

Oil leaving the pump under pressure passes into' the
pressure relief valve. The spring-loaded valve opens
when the pressure exceeds approximately 662 kPa (96
psi) and directs the excess oil to the oil pan. The
pressure relief valve is located next to the oii pressure
regulator valve at the right front of the cylinder block.

The pressure relief valve consists of a hollow piston-
type valve, a spring and a nut and washer to retain the
valve,

Service operations for the pressure relief valve are
similar to those of the regulator valve.

Page 2
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DETROIT DIESEL 8.2L

4.2

LUBRICATING OIL FILTERS

Full-flow type lubricating oil filters are used on
the engine (Figs. 1 and 2). The oil filters are mounted
in a downward position. The filters are of the throw

FUEL ___ M -
FILTER L e

:
LUBRICATING OIL * %

FILTERS

Fig. 1 - Spin-On Oil Filter

All of the oil supplied to the engine by the oil
pump passes through the filters before reaching the
various moving parts of the engine. The oil is forced by
pump pressure through a passage in the filter adaptor
and into the elements. Impurities are filtered out as the
oil is forced through the elements and out through
another passage in the filter adaptor.

# T i

Fig. 2 - Marine Mounting of Spin-On Oi! Filter

A bypass valve in the filter adaptor which opens
at approximately 103 kPa (15 psi) will bypass the oil
should the filters become clogged.

Qil Filter Maintenance

With the use of detergent lubricating oils, the
color of the lubricant has lost value as an indicator of
oil cleanliness or proper filter action.

Due to the ability of the detergent compounds to
hold minute carbon particles in suspension, heavy duty
oils will always appear dark colored on the oil level
dipstick.

Heavy sludge deposits found in the filters at time
of an oil change must be taken as an indication that the
detergency of the oil has been exhausted. When this
occurs, the oil drain interval should be shortened. The
removal of abrasive dust, metal particles and carbon
must be ensured by replacement of the oil filters at the
time the engine oil is changed.

Selection of a reliable oil supplier, strict
observation of his oil change period recommendations
and proper filter maintenance will ensure trouble-free
lubricatton and longer engine life.

Replace Spin-On Oil Filter

Replace the full-flow oil filters as follows:
1. Use oil filter wrench J 22775 and remove the oil
filters.
Discard the used oil filters.
Clean the filter adaptor or base with a clean lint
free cloth.
Lilghtly coat the oil filter seal with clean engine
oil.
5. Start a new filter on the adaptor and tighten by
hand until seal touches the filter head. Tighten an
additional one turn after contact.

Rl

NOTICE: Mechanical tightening will distort or
crack the adaptor.

6. Start and run the engine for a short period and
check for oil leaks. After any oil leaks have been
corrected and the engine has been stopped long
enough (approximately ten (10) minutes) for the
oil from various parts of the engine to drain back
to the crankcase, add sufficient oil to bring it to
the proper level on the dipstick.

© 1985 General Motors Corp.
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DETROIT DIESEL 8.2L

4.4

LUBRICATING OIL COOLER

0il coolers are provided for some engines Figs. 1
and 2. Normally, a naturally aspirated engine does not
require an oil cooler, but can be used if desired. The oil
cooler or filter adaptor is mounted on the lower right
front side of the cylinder block.

To assure engine lubrication, should the oil cooler
become plugged, a bypass valve bypasses oil from the
oil pump discharge port directly to the oil galleries in
the cyhnder block. The bypass valve opens at
approximately 103 kPa (15 psi). The valve components
are the same as and serviced in the same manner as the
oil pressure regulator valve in Section 4.1.1.

Cooling water circulated through the oil cooler
completely surrounds the oil cooler core. Therefore,
whenever an oil cooler is assembled, special care must
be taken to have the proper gaskets in place and the
retaining bolts tight to assure good sealing.

The oil cooler housing is attached to an oil cooler
adaptor which, in turn, is attached to the cylinder
block. The flow of oil is from the oil pump through a
passage in the oil cooler adaptor to the full flow oil
filter, which is also mounted on the oil cooler adaptor

MARINE OILOOLER .
FaZ; 2- Typical Marine Egine il Coole

(except on marine engines) and then through the oil
cooler core and the cylinder block oil galleries.

Remove Oil Cooler Core and Adaptor

1. Drain the cooling system by removing the plug at
the bottom of the oil cooler cover.

2. Remove any accessories or other equipment
necessary to provide access to the cooler.

3. Disconnect one water hose at the front and one
hose at the rear end of the oil cooler cover.

I
ADAPTOR

L-3§77

Fig. 1 - Typical Engine Qil Cooler {(Except Marinej
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4.4 LUBRICATING OIL COOLER

DETROIT DIESEL 8.2L

4. Matchmark the end of the oil cooler cover, cooler
core and adaptor with a punch or file so they can
be reinstalled in the same position.

5.  Remove the bolts which attach the cover and core
to the filter adaptor.

6. Ifthe adaptor is to be removed, the oil filters must
first be removed. Marine oil coolers have remote
filters and require that the lubrication lines be
disconnected before removing the adaptor (Fig.

3). Then, remove the bolts which attach the
adaptor to the cylinder block. Withdraw the
adaptor and seal rings.

MARINE OIL C
Fig. 3 Marine Engine Qil Cooler Adaptor (Lube Lines
Disconnected)

7. Remove all traces of gasket material from the oil
cooler components.

Clean Qil Cooler Core

1. Clean oil side of core - Remove the core from the
oil cooler. Circulate a solution of 1,1,1
tricholorethane through the core passages with a
force pump to remove the carbon and sludge.

CAUTION: To avoid personal injury,
perform this operation in the open or
in a well ventilated area. Avoid
breathing the fumes or direct contact
of the chemicals with your skin. Use
recommended safety equipment as
required.

Clean the core before the sludge hardens. If the
oil passages are badly clogged, circulate a cleaning
alkaline solution through the core and flush
thoroughly with clean, hot water.

2. Clean water side of cooler - After cleaning the oil
side of the core, immerse it in the following
solution: Add one-half pound of oxalic acid to
each two and one-half gallons of solution
composed of one third muridtic acid and
two-thirds water. The cleaning action is
evidenced by bubbling and foaming,

Watch the process carefully and when bubbling
stops (this usually takes from 30 to 60 seconds) remove
the core from the cleaning solution and thoroughly

flush it with clean, hot water. After cleaning, dip the
core in light oil.

NOTICE: Do not aitempt to clean an oil cooler
core when an engine failure occures in which metal
particles from worn or broken parts are released
into the lubricating oil. Replace the oil cooler core.

PRESSURE CHECK OIL COOLER CORE

After the oil cooler core has been cleaned, check
for leaks as follows:

1. Make a suitable plate and attach it to the flanged
side of the cooler core. Use a gasket made from
rubber to assure a tight seal. Drill and tap the
plate prior to mounting to permit an air hose
fitting to be attached at the inlet side of the core

(Fig. 4).
!._u:n. LATD AT
%— = o

Fig. 4 - Preparing 0it Cooler Core for Pressure Test

2, Attach an air hose, apply approximately
517-1 034 kPa (75-150 psi) air pressure and
submerge the oil cooler and plate assembly in a
container of water heated to 82°C (180°F). Any
leaks will be indicated by air bubbles in the water.
If leaks are indicated, replace the core.

CAUTION: When making this
pressure test be sure that personnel
are adequately protected against any
stream of pressurized water from a
leak or rupture of a fitting, hose or the
oil cooler core.

3. After the pressure check is completed, remove the
plate and air hose from the cooler core, then dry
the core with compressed air.

NOTICE: In cases where a leaking oil cooler core
has caused contamination of the engine, the engine
must be immediately flushed to prevent serious
damage.

Install Qil Cooler Core

1. If the oil cooler adaptor was removed from the
cylinder block, check to make sure the mounting
face is clean.

Page 2
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LUBRICATING OIL COOLER 4.4

2.

Install new seal “O” rings in the counter-bores in
the adaptor and place it against the cylinder
block.

Secure the adaptor to the cylinder block with four
bolts. Tighten the bolts to 46-53 N-m (34-39
Ib-ft) torque.

Clean both faces of the core flange of gasket
material.

Install new gaskets on both faces of the core.
Align the matchmarks previously placed on the
core and cover and install the assembly on the
adaptor.

Then, secure the housing in place with eight bolts.
Tighten the bolts to 23-27 N-m (17-20 1b-ft)
torque. Install the 3/4"-1" water elbows in the

10.
11

cover. On marine engines connect the lubrication
lines and tighten.

Slide the hose and clamps in position between the
cylinder block water inlet. and the oil cooler.
Secure the clamps in place.

Position the hose and clamps in place between the
cylinder head outlet elbow and the oil cooler at
the front. Secure the clamps in place.

Install all of the accessories or equipment it was
necessary to remove.

Install new oil filters.

Make sure the drain plug in the bottom of the oil
cooler cover is in place and tighten. Then, fill the
cooling and lubricating system to the correct
level.

©® 1985 General Motors Corp.
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4.6

OIL LEVEL DIPSTICK

Fig. 1 - Oil Dipstick Mounting

A spring steel type oil level gage is mounted in a tube
(Fig. 1) which is pressed in the cylinder head on either
the left or right bank. Use a suitable sealer and install
a plug in the dipstick hole in the opposite head.

NOTE: Dipsticks for the right or left side of the
engine are different lengths and should not be
interchanged.

Maintain the oil level between the full and low marks
(The distance between the low and full marks is equal
to 2 quarts) on the dipstick and never allow it to drop
below the low mark. No advantage is gained by
having the oil level above the full mark. Overfilling
will cause the oil to be churned by the crankshaft

throws causing foaming or aereation of the oil
Operation below the low mark will expose the pump
pick-up causing acreation and/or loss of pressure.

The Fuel Pincher engine crankcase capacity is 9.5
liters (10 quarts). The best time to check the oil level is
before operating the engine or as the last step in a fuel
stop. This will allow the oil accumulation in the engine
to drain back in the crankcase. To check the level,
remove the oil gage rod (dipstick), wipe it clean and
reinsert it firmly for an accurate reading.

Dipsticks are normally marked for use only when the
engine is on a level surface. Improper oil levels can
result if the oil level is checked with the engine on a
grade.

Fill the crankcase with oil as follows:
1. Fill the oil pan to the full mark on the dipstick.

2. Start and run the engine for approximately ten
minutes.

3. Stop the engine and wait a minimum of ten
minutes. Then add the required amount of oil to reach
the full mark on the dipstick.

Oil Change

1. When oil is drained via the oil pan drain plug and
the oil filters are not disturbed, then 9.5 liters (10
quarts) of oil will be required.

2. If only the filters are replaced then 1.9 liters (2
quarts) should be added providing the oil level was
full at start.

3. A normal lube oil change will require 11.4 liters (12
quarts) of oil and 2 new filters.

It is recommended that, following an oil change, the
engine should be running to verify oil pressure and to
check for oil leaks. Correct as necessary any abnormal
conditions. Stop the engine and allow approximately
10 minutes for the oil from the various parts of the
engine to drain back to the crankcase. Check the oil
level to be sure that it is at’ proper level on the
dipstick. Add eil if necessary.

e 1983 General Motors Corp.
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4.7

OiL PAN

Fig. 1 - Former Qil Pan Assembly

The former oil pan and cover assembly Fig. 1 used on
the engine is a stamped steel pan and cover which
requires a three-piece gasket. Two oil pan cover
retainers are also used to prevent the outer pan cover
from falling off if the remote possibility of a bonding
failure should occur. The retainers shouid not contact
the oil pan cover when assembled.

The new oil pan assembly (Fig. 2) used on the engine
is a stamped steel pan. A one piece pan-to-block re-
usable isolator seal is used along with a one piece
gasket, an oil pan rear seal adaptor and a left and right
bank rail reinforcement.

k7B RAIL
DRAIN PLUG REINFORCEMENT

\ — ADAPTOR i (NOTE<) | i
oy (NOTE o) \ A
on PN 5 \
e

X \ —
:
ey

L/B RAIL
REINFORCEMENT

+avLaces
=" (NOTE n)

1. Do not allow RTV to stand more than 10 minutes
befors bolts are tightaned.
(e} AppIT 3mm RTV bead on block-ta-f/whi, hag.
plit-line.
{b) AppIY RTV on collor hrackes-to-block
split-line,
(e} Apply slight film of oll to odaptor surface In
8379 contact with gasket prior to oll pan instollation.
(d) Apply 3mm RTV bead fo aluminum adapror

end surfaces.

Fig. 2 - Current Qil Pan Assembly

Removing and Installing Oil Pan

On some engine applications it may be possible to
remove the oil pan without removing the engine. If the
engine is to be removed from the vehicle, the oil pan
should be left in place until the engine is removed.

The procedure for removing the oil pan without taking
the engine out and after taking the engine out of the
unit will vary. However, the following will generally

apply.
1. Remove the drain plug and drain the oil.

2. Detach the oil pan and on the new pan the rear seal
adaptor; taking care not to damage the oil pump inlet
pipe and screen.

3. Remove the oil pan gaskets completely. The new pan
has an isolator seal that is reusable and must be
removed carefully to avoid damage.

4. Clean all of the old gasket material from the cylinder
block, seal adaptor, flywheel housing and the oil pan.
Clean the oil pan with a suitable solvent and dry it with
compressed air.

5. Check a stamped oil pan and cover for dents or
breaks in the metal which may necessitate repair or
replacement. Check for misaligned flanges or raised
surfaces surrounding the bolt holes by placing the pan
on a surface plate or other large flat surface.

Install Qil Pan

1. When replacing the former oil pan assembly, use new
gaskets. When replacing the new pan assembly the
isolator seal is reusable and must be inspected for
damage before installing. However, the adaptor to
flywheel gasket must be replaced.

Apply Room Temperature Vulcanizer (RTV) sealer at
two places on the block-to-fiywheel housing split line.
Also, two places at the front of the block on the collar
bracket-to-block split line.

2. Install adaptor to the flywheel housing and torque the
balts to 10-15 Nm (7-11 Ib-ft) on the new pan.

3. With the drain plug removed install the oil pan
assembly in position on the block. Install and finger
tighten several bolts. On the new pan install the bolts
through the left and right bank rail reinforcements to
the pan, position on the block and finger tighten several
bolts.
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4.7 Qil Pan

FUEL PINCHER

4. Place left bank pan cover retainer one bolt hole
forward of the right bank retainer (former pan). Install
all the remaining pan bolts and tighten them to 10-12
Nm (8-9 1b-ft) torque (former); 10-15 Nm (7-11 1b-ft)
torque (new).

5. Install and tighten the 1/27-20 oil drain plug.

Tighten the plug (with copper washer) to 24-34 Nm
(18-25 ib-ft) torque.

6. Fili the oil pan with new oil to the full mark on the
dipstick. Then, start and run the engine for ten minutes
and check for oil leaks.

7. Stop the engine and, after approximately ten
minutes, check the oil level. Add oil, if necessary.

Page 2
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4.8

VENTILATING SYSTEM

Harmful vapors which may be formed within the engine
are removed from the crankcase, gear train and valve
compartment by a continuous pressurized ventilating
system.

A slight pressure is maintained in the engine crank-
case by the seepage of a small amount of air past the
piston rings. This air sweeps up through the engine and
passes through a crankcase breather located in the
cylinder block valley cover and then exits to the atmos-
phere via a draft tube.

The crankcase breather has a hose connection between
the breather and the draft tube.

Service

It is recommended that the hose be inspected and
cleaned, if necessary, to eliminate the possibility of
clogging. This can best be done by removing the hose
and cleaning it.

The wire mesh {element} in the breather assembly should
be cleaned if excessive crankcase pressure is observed,
or at time of overhaul.

If it is necessary to clean the element, remove the breather
from the valley cover. Wash the breather assembly in
fuel oil and dry it with compressed air.
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4.0

SHOP NOTES - SPECIFICATIONS - SERVICE TOOLS

SHOP NOTES

OIL PUMP REWORK

The following procedure provides in detail, the steps
required to remove, replace and machine the standard
size and/or oversize oil pump bushings.

These instructions are for a horizontal milling
machine. The procedure for machining the oil pump
bushing using a vertical milling machine is the same
except for the initial setup of the block on the mill
table.

1. Remove the damaged ¢il pump bushing from the block
using J 23907-1 slide hammer and J 29140-2 puller.

2. If on inspection, the oil pump cavity (Reference “S”,
Fig. 1), is found to be greater than 79.438mm (3.1275")
due to wear or a bushing spinning, it will be necessary to
machine the cavity to accept an oversize bushing. The
oil pump cavity must be checked for cracks after being
machined oversize. If an oversize bushing is required,
the oil pump cavity should be machined to the following
specifications prior to installing the oversize bushing.
For the 0.254 mm (0.010") O/S bushing, machine the
cavity to 79.654-79.692 mm (3.1360-3.1375"). For the

-0.508 mm (0.020") Q/S bushing, machine the cavity to

79.908-79.946 mm (3.1460-3.1475"). The surface finish
is 4.0 micrometers {160 microinches).

3. Install a new bushing flush to .13 mm (.005") below the
surface using J 8092 driver and J 29140-1 installes. The
split line of the bushing must be towards the top of the block
and the locating notch at 110° from vertical towards the

centerline of the block (see Fig. 1).

4. Secure the block on the table of the mill with the oil
pan rail down and the oil pump pocket facing the
spindle.

5. Using an 0025 mm (0.0001") dial indicator, check
surface “E’* (see Fig. 1); it must be square to within
025 mm (0.001"). Shim or realign the block to achieve
this reading.

6. Using the same dial indicator, dial indicate the pilot
hole on surface “D” (see view “C”). Adjust the
machine for a maximum of 0125 mm {.0005") T.L.R.
runout on the pilot hole.

7. Place masking tape over the two oil pump cavities
and the tapped center hole to prevent machining
debris from entering the block.

8. The center of the pilot hole has now been
established; move the tool horizontally towards the
veriical centerline of the block 3.810 mm (0.1500™)
plus or minus .04 mm (0.0016"). The centerline of the
oil pump bushing is now established.

9. When the correct bushing has been installed, bore
out the inside diameter of the bushing to 76.20-76.23
mm (3.000-3.0012"). The surface finish is 0.8
micrometers (32 microinches).

10. Using compressed air, remove all loose machining
debris from the cylinder block.

[1. Remove the masking tape from the oil pump
cavities and thoroughly clean the cylinder block by
immersing it in an agitated cleaning tank.

©1985 General Motors Corp.

July, 1985 SEC. 4.0 Page 1



4.0 Shop Notes FUEL PINCHER

144.949-145.051 mm
(5.7066-5.7107 ins)

OIL PUMP BUSHING
SPLIT LINE OF BUSHING TO

BE AT TOP WITH LOCATING
NOTCH 110° FROM VERTICAL. G

3.77-3.85 mm
(.1484-.1516 ins)

CUTTING TOOL
MUST ROT TOUCH BEX

$79.400-79.438 mm
{3.1260-3.1275 ins)

$76.20-76.23 mm
(3.060-3.0012 Sns}

PRESS FLUSH TO
0.13 (.005 ins)
BELOW SURFACE

& 0.03 mm
"L E (.0012 ins)

A = ¢ of hub

B = § of bushing
1.17 mm R ' = surface finish
(.04 ins) ¢ = diameter

1 = square

$15.98-14.02 mm
(.6291-.6307 ins}

(.0012 ins) = inch dimensions
0.03 = metric dimensions -

L-62%4

Fig. - 1 Qil Pump Bushing Installation
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FUEL PINCHER

4.0

STANDARD METRIC BOLT AND NUT TORQUE SPECIFICATIONS

Thread Size BOLT CLASSES / TORQUES
Diameter X MM 8.8 9.8 10.9

Per Thread

Nm/LB-FT Nm/LB-FT Nm/LB-FT
M5 X .8 Nene used 5.0-6.0/3.7-4.4 7.0-8.0/5.2-5.9
Mme X 1.0 ” ' 10-12/7.4-9.0 13-15/10-11
Mg X 1.25 i " 23-27/17-20 30-34/22.25
MI0 X 1.50 " " 46-53/34-39 58-66/43-49
MI12 X 1.75 " ” 79-91/58-67 101-116/74-86
M14 X 2.0 . o 126-144/93-106 160-184/118-136
M16 X 2.0 ” o 192-220/142-162 245-280/181-207
M20 X 2.5 334-384/246-283 None used 478-550/353-406

. STANDARD METRIC BOLTS

Metric Bolts — Identification class numbers correspond to bolt
strength — Increasing numbers represent increasing strength.
Manufacturers

Identification

Strength
identification Bolt Head

.
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4.0 Specifications FUEL PINCHER

BOLT AND NUT TORQUE SPECIFICATIONS

THREAD TORQUE © TORQUE
APPLICATION SIZE (Nm) (Ib-ft)
Oitcocterhousingbolts . ... ... ... ... .. .. ... . ... .. ... M8 x 1.25 x 65 23-27 17-20
Qilpanbolts(E) . ... ... .. ... . .. . . . .. M8 x 1.25 x 30 10-12 89
Oil cooleradaptorbolts .. ... .. ... ... ... ... ... ... .. M10 x 1.50 x 40 46-53 34-39
Oitpumpcoverbolt .. ... ... .. ... . ... ... . ... . ... ... .. M10 x 1.50 x 55 58-66 43-49
Oildrainplug(E) ... ... .. .. . .. . . . .. 1/2" x 20 24-34 18-25
Oil pressureregulaterplug(€) .. . ... ... . ... ... ... ... 1-1/4"-16 130-145 96-107
(E) = Exceptions To Standard.
SERVICE TOOLS
TOOL NAME TOOL NG.
Oil Pump )
Belt tension Bage. ... ... J 23600-8
Crankshaft pulley removing tool. . . ... .. ... . J 29025
OIIEr WIENCR. .« .o oo e e J 22775
< )
\ N

Page 4 © 1984 General Motors Corp.
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SECTION 5
COOLING SYSTEM
CONTENTS
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SPECIfICALIONS = SETVICE TOOIS .vvvrvevsumrerssreereasvssseessiessssaeessssssssesssssereseeseeesesssserasss o snssssneoas 5.0

COOLING SYSTEM

Radiator and Fan Cooling

. The engine coolant is drawn from the lower
portion of the radiator by the water pump and is forced
through the oil cooler (if used) and into the cylinder
block (Fig. 1).

From the cylinder block, the coolant passes up
through the cylinder heads and, when the engine is at

normal operating temperature, through the thermostat
housing and into the upper portion of the radiator.
Then, the coolant passes down a series of tubes where
the coolant temperature is lowered by the air stream
created by the revolving fan.

Upon starting a cold engine or when the coolant
is below operating temperature, the coolant is
restricted at the thermostat housing and a bypass
provides water circulation within the engine during the
warm-up period.

® 1985 General Motors Corp.
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DETROIT DIESEL 8.2L

L-6078

Fig. 1 - Coolant Flow Through Engine

Heat Exchanger Cooling System

In the heat exchanger cooling system, the coolant
is drawn by the engine water pump from the heat
exchanger and is forced through the engine oil cooler,
cylinder block, cylinder heads, exhaust manifolds and
turbocharger to the thermostat housings. A bypass

from the thermostat housings to exhaust manifolds to
the inlet side of the water pump permits circulation of
coolant through the engine when the thermostats are
closed. When the thermostats are open, the coolant
flows through the heat exchanger where it is cooled.

An engine driven raw water pump circulates the
raw water (sea water) through the heat exchanger to
lower the temperature of the engine coolant.

Page 2
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COOLING SYSTEM 5

COOLING SYSTEM MAINTENANCE

Engine Coolant

The function of the engine coolant is to absorb the
heat, developed as a result of the combustion process
in the cylinders, from component parts such as the
valves and pistons which are surrounded by water
jackets. In addition, the heat absorbed by the oil is also
removed by the engine coolant when oil to water oil
coolers are used. Refer to Section 13.3 for coolant
recommendations.

Cooling System Capacity

The capacity of the basic engine cooling system
cylinder block, head, thermostat housing and oil cooler
housing (if used) is 11.9 Liters (12.5 quarts).

To obtain the complete amount of coolant in the
cooling system of a unit, the additional capacity of the
radiator, hoses, etc. must be added to the capacity of
the basic engine. The capacity of the radiator and
related equipment should be obtained from the
equipment supplier, or the capacity of the particular
cooling system may be determined by filling the system
with water, then draining and measuring the amount
required.

Fiti Cooling System

Before starting the engine install and tighten any
drain plugs that were removed and fill the cooling
system with water. The use of clean, soft water will
eliminate the need for descaling solutions to clean the
cooling system. A hard mineral-laden water should be
made soft by using water softener chemicals before it
is poured into the cooling system. These water
softeners modify the minerals in the water and greatly
reduce or eliminate the formation of scale. Refer to
Coolant Specifications in Section 13.3.

Start the engine and after normal operating
temperature has been reached, allowing the coolant to
expand to its maximum, check the coolant level. The
cooLant level should be within two inches of the filler
neck.

Should a daily loss of coolant be observed and
there are no apparent leaks, there is a possibility of
gases leaking past the cylinder head gasket into the
cooling system. The presence of air or gases in the
cooling system may be detected by connecting a rubber
tube from the overflow pipe to a water container.
Bubbles in the water in the container during engine
operation will indicate this leakage. Another method
for observing air in the cooling system is by inserting
a transparent tube in the water outlet line.

Drain Cooling System

Refer to Fig. 2 and drain the cooling system by
removing the 3/4” pipe plug from the cylinder block
located in both banks. Also, remove the 3/8”-18 pipe
plug from the bottom of the oil cooler cover.

NOTICE: Some engines may have an immersion
type coolant heater installed in the cylinder block
3/4” drain hele. Refer to cold weather starting in
Section 12.6

Removal of the radiator filler cap permits air to
enter the coolant passages and the coolant to drain
completely from the system. If freezing weather is
anticipated and the engine is not protected by
antifreeze, drain the cooling system completely when
the engine is not in use. Leave the drain plugs out until
the cooling system is refilled. Should any entrapped
water in the cylinder block, radiator or other engine
parts freeze, it will expand and may result in damage
to the engine.

Fiushing

Flush the cooling system each spring and fall.
The flushing operation cleans the system of antifreeze
solution in the spring and removes the summer rust
inhibitor in the fall, cleaning the system, for the next
solution. The flushing operation should be performed
as follows:
1. Drain the previous season’s solution from the
engine.
2. Refiil with soft clean water.

NOTICE: If the engine is hot, fill slowly to
prevent rapid cooling and distortion of the engine
castings.

3. Start the engine and operate it for 15 minutes to
thoroughtly circulate the water.

4, Drain the unit compleiely.

5. Refill with the solution required for the coming
Season.

Cooling System Cleaners

If the engine overheats, and the fan belt tension
and water level have been found to be satisfactory,
clean and flush the entire cooling system. Remove scale
formation by using a reputable and safe descaling
solvent. Immediately after using the descaling solvent,

.neutralize the system .with the neutralizer. It is

important that the directions printed on the container
of the descaler be thoroughly read and followed.

After the solvent and neutralizer have been used,
completely drain the engine and radiator and reverse
flush before filling the system.

Reverse Flushing

After the engine and radiator have been
thoroughly cleaned, they should be reverse flushed.
The water pump should be removed and the radiator
and engine reverse flushed separately to prevent dirt
and scale deposits clogging the radiator tubes or being
forced through the pump. Reverse flushing is

® 1985 General Motors Corp.
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accomplished by hot water, under air pressure, being
forced through the cooling system in a direction
opposite to the normal flow of coolant, loosening and
forcing deposits out.
The radiator is reverse flushed as follows:
1. Remove the radiator inlet and outlet hoses and
replace the radiator cap.
2. Attach a hose at the top of the radiator to lead
water away from the engine.
3. Attach a hose to the bottom of the radiator and
insert a flushing gun in the hose.
4.  Connect the water hose of the gun to the water
outlet and the air hose to the compressed air
* outlet,

5. Turn on the water and when the radiator is full,

t¥rn on the air in short blasts, allowing the

radiator to fill between air blasts.

NOTICE: Apply air gradually. Do not exert more
than 138 kPa (20psi} air pressure. Too great a
pressure may rupture a radiator tube.

6. Continue flushing until only clean water is
expelled from the radiator.

the cylinder block and cylinder head water
passages are reverse flushed as follows:
1. Remove the thermostats and the water pump.
2. Attach a hose to the water inlet of the cylinder
block to drain the water away from the engine.

Fig. 2 - Location of Cylinder Block Coclant Drains

3. Attach a hose to one of the water outlets at the
top of the cylinder block and insert the flushing
gun in the hose.

4. Turn on the water and when the water jackets are
filled, turn on the air in short blasts, allowing the
engine to fill with water between air blasts.

5. Continue flushing until the water from the engine
runs clean.

If scale deposits in the radiator cannot be
removed by chemical cleaners or reverse flushing as
outlined above, it may be necessary to remove the
upper tank and rod out the individual radiator tubes
with flat steel rods. Circulate water through the
radiator core from the bottom to the top during this
operation.

Miscellaneous Cooling System Checks

In addition to the above cleaning procedures, the
other components of the cooling system should be
checked periodically to keep the engine operating at
peak efficiency. The cooling system hoses, thermostats
and radiator pressure cap should be checked and
replaced if found to be defective.

When water connection seals’ and hoses are
installed, be sure the connecting parts are properly
aligned and the seal or hose is in its proper position
before tightening the clamps. All external leaks should
be corrected as soon as detected.

Page 4
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COOLING SYSTEM 5

The fan belts must be checked and adjusted, if
necessary, t0 provide the proper tension and the fan
shroud must be tight against the radiator core to
prevent recirculation of air which may lower the
cooling efficiency.

Contaminated Engines

When the engine cooling or lubricating system
becomes contaminated, it should be flushed thoroughly
to remove the contaminants before the engine is
seriously damaged. One possible cause of such
contamination, that is damaging to the engine if it is
not corrected immediately, is a cracked oil cooler core.
With a cracked oil cooler core, oil will be forced into
the cooling system while the engine is operating, and
when it is stopped, coolant will leak into the lubricating
system.

Coolant contamination of the lubricating system
is especially harmful to engines during the cold season
when the cooling system is normally filled with an
ethylene glycol antifreeze solution. If mixed with the
oil in the crankcase, this antifreeze forms a varnish
which quickly immobilizes moving engine parts.

To remove such contaminants from the engine,
both the cocling system and the lubrication system
must be thoroughly flushed as follows:

Cooling System

If the engine has had a failure resulting in the
contamination of the cooling system with lubricating
oil, the following procedure is recommended.

1. Prepare a mixture of Calgon, or equivalent, and

water at the rate of two ounces (dry measure) to
3.8 Liters (one gallon) of water.

2. Remove the engine thermostats to permit the
Calgon and water mixture to circulate through
the engine and the radiator.

Fill the cooling system with the Calgon solution.
Run the engine for five minutes.

Drain the cooling system.

Repeat Steps 3 through 5.

Fill the cooling system with clean water.

Let the engine run five mintutes.

Drain the cooling system completely.

Install the engine thermostats.

Install and tighten the drain plugs and refill the
engine with fresh coolant.

oYM e W

—

Lubrication System

When the engine lubricating system has been
contaminated by an ethylene glycol antifreeze solution
or other soluble material, the following cleaning
procedure, using Butyl Cellosolve or equivalent, is
recommended.

CAUTION: Use extreme care in the
handling of these chemicals to
prevent serious injury to the person or

damage to finished surfaces. Wash
off spilled fluid immediately with
clean water.

If the engine is still in running condition, proceed
as follows:

1. Drain all of the lubricating oil.

2. Remove and replace the spin on oil filters.

3. Mix two parts of Butyl Cellosolve, or equivalent,
with one part SAE 10 engine oil. Fill the engine
crankcase to the proper operating level with the
mixture.

4, Start and run the engine at a fast idle (1000 to
1200 rpm) for 30 minutes to one hour. Check the
oil pressure frequently.

5. After the specified time, stop the engine and
immediately drain the crankcase. Sufficient time
must be allowed to drain all of the fluid . Remove
and replace the oil filters.

6. Refill the crankcase with SAE 10 oil after the
drain plug is replaced and run the engine at the
same fast idle for ten (10) or fifteen (15) minutes
and again drain the oil thoroughly.

7. Remove and discard the oil filters. Install new
spin-on filters.

8. Replace the drain plug and fill the crankcase to
the proper level with the oil recommended for
normal engine operation.

9. To test the effectiveness of the cleaning
procedure, it is recornmended that the engine be
started and run at a fast idle (1000 to 1200 rpm)
for approximately 30 minutes. Then stop and
immediately restart the engine. There is a
possibility that the engine is not entirely free of
contamination deposits if the starting speed is
slow.

10. If the procedures for cleaning the lubricating oil
system were not successful, it will be necessary to
disassemble the engine and to clean the affected
parts thoroughly. Make certain that the cause of
the internal coolant leak has been corrected
before returning the engine to service .

Coolant Recovery System

The engine cooling system design must be such
that a reasonable loss of coolant from the normal full
level will not result in aeration of engine coolant The
capability of the system to handle the coolant foss is
determined by a drawdown test. The minimum
drawdown for systems having a total capacity between
40 and 120 quarts (38 and 114 liters) is 10% of the
capacity.

If minimum drawdown capacity cannot be
obtained and space is not available for an integral
top/surge tank or a remote surge tank, the additional
capacity may be obtained with a coolant recovery tank.
The coolant recovery tank should be mounted as high
as the installation permits and must be sized to provide
cooling expansion volume (6% of total volume,
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including heater and lines) above the added drawdown
capacity. The pressure cap used with this system must
be of the type that provides a vacuum tight seal on the
top of the top/surge tank filler neck.

As the engine temperature increases, the coolant
and air in the system starts to expand and build
pressure. The valve in the radiator pressure cap unseats
and allows the coolant to flow into the coolant recovery
tank (Fig. 3).

When the engine starts to cool down, the air and
coolant contract causing a void and creating a vacuum
in the system. The vacuum unseats another valve in the
radiator pressure cap, allowing the coolant to flow
back into the expansion tank or radiator (Fig. 4).

Any leak in the cooling system (radiator top tank,
pressure cap, hose connection, etc.} will prevent the
coolant recavery system from functioning and visual
inspection of recovery tank will give a false indication
of coolant level. Therefore, a periodic check of the top
tank and/or surge tank coolant level under ambient
condition is recommended. Under normal operation, a
small amount of coclant will be lost due to evaporation.
If an abnormal amount of coolant is being used, check
the cooling system for leaks. The coolant level in the
recovery tank should be checked daily.

The recovery system should have a functional
capacity (low cold to full hot) of four quarts minimum
(3.8 liters). Should the vehicle cooling system be
modified to increase total coolant capacity, such as
additional heaters in a school bus, the functional

capacity of the coolant recovery system should be
reviewed and increased accordingly to ensure that it
meets the current published requirements for
minimum expansien volume.

The radiator cap should be checked to ensure that
the correct cap is being used. It is recommended that
a minimum 9 psi (62 kPa) separate pressure relief valve
be used for all automotive cooling systems used in
conjuntion with Detroit Diesel Allison engines. The
maximum allowable pressure is a function of the
radiator an/or heater core design.

Partial filling of the cooling system can result in
operation with aerated coolant, or an air-bound water
pump. Upon any drain and refill operation of the
cooling system, make sure that the system is full. Bleed
all air from the system, including heater and heater
hoses. If a heater shutoff valve exists, the heater must
be turned on during the refill operation.

Run the engine wuntil- normal operating
temperature has been reached (to open thermostats).
With the thermostats open, run the engine at 1500 rpm
for ten minutes to allow the system to deaerate. Then
fill the system and reinstall pressure cap. Fill the
coolant recovery bottle to the HOT level mark. Install
recovery bottle cap.

LI__P

Full
Hot

Full
Cold

Coolant
Recovery Tank

Valve Qpened
By Pressure

1-6295

Fig. 3 - Coolant Expansion
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® N
IS
Full
Hot
y -
i -
Full Vh—/
Cold
Valve Opened
By Vacuum
— _/
iy J
Coolam
Recovery Tank L-6296

Fig. 4 - Coclant Recovery
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5.1

WATER PUMP

A centrifugal-type water pump (Fig. 1) is
attached to the engine front cover (standard high
mount pump shown in Fig. 2). Tt circulates coolant
through the oil cooler, cylinder block, cylinder heads
and the radiator or heat ¢xchanger. The pump is belt
driven by the crankshaft pulley.

COVER
GASKET

0.91 mm (0.036")
0.02 mm {0.001")

BODY

THERMOSTAT SURFACE "8"

B
IMPELLER VANES MUST
NOT PROTRUDE BEYOND
SURFACE "B" MORE THAN
0.39 + 0.08 mm
{-015" = .003")
AFTER ASSEMBLY
IMPELLER VANE

24.55 £0.18
mm

(966 = ,0077)

FACE MATING SEAL

WATYER SEAL ASSY.

SHAFT AND

BEARING ASS'Y LYP TYPE Oll, SEAL

L-5881

Fig. 1 - Water Pump Assembly

An impeller is pressed onto one end of the water
pump shaft and a water pump drive pulley hub is
pressed onto the opposite end of the shaft. The shaft is
supported by a double row combination roller and ball
bearings. The shaft and bearings constitute an
assembly and are serviced as such since the shaft serves
as the inner race of the combination roller and ball
bearings. Coolant is prevented from creeping along the
shaft toward the bearings by a water seal assembly. An
oil seal is pressed onto the shaft to further prevent the
coolant from reaching the bearings.

The sealed water pump shaft/bearing assembly is
filled with lubricant when assembled. No further
lubrication is required.

This section on the water pump uses the standard
high mount water pump as a base. Where there are
differences, they will be specifically stated. Depending
upon the application, the engine will have one of three
water pump configurations.

The standard high mount pump and the standard
low mount pump are used in automotive and industrial
applications. The marine low mount pump is used in
marine applications. The standard low mount pump
uses a different body than the standard high mount
pump. The body of the standard low mount pump,
unlike the standard high mount pump, has an impeller
cover, O-ring and snap ring on the back side sealing in
the impeller.

i3y ¢ :
Fig. 2 - Water Pump Mounting

The marine low mount pump uses a different
body and a different pulley hub than the standard high
mount pump. It also incorporates the same impeller
cover, O-ring and snap ring as the standard low mount
pump. The difference between the marine low mount
pump and the standard low mount pump is the body
and the pulley hub.

All the water pumps use the same shaft/bearing
assembly, oil seal, water seal assembly, face mating seal
and impeller.

Remove Water Pump (Automotive)

1. Remove the belts from the water pump pulley.
Remove the fan assembly and water pump pulley.
Drain the cooling system.

Remove the hoses from the water pump.

Remove the water pump assembly attaching bolts
and remove the water pump from the upper front
cover.

Remove and discard the gasket. The standard low
mount and marine low mount pumps do not
require a gasket.

il

Remove Fresh Water Pump {(Marine)
1. Remove all necessary clamps and hoses to
remove the heat exchanger.
2. Disconnect and remove the dearation tube.
3. Remove retaining bolts and heat exchanger.

© 1985 General Motors Corp.
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4. Loosen the alternator bolts and remove the drive
belts.

5. Remove the fuel line (from filter to L/B cylinder
head) clips and bolts.

6. Remove the hose and clamps to the exhaust
manifolds {left and right bank) from the water
pump.

7. Loosen clamps and position the hose (to water
pump from L/B cylinder head water outlet
elbow) out of the way.

8. Loosen clamps and position the hose (to water
pump from R/B cylinder head water outlet
elbow) out of the way.

9. Remove the water pump bolts and remove pump.

10. Remove the bolts and heat exchanger brackets
from pump body.

11. Clean gasket material from the water pump body
and the front cover.

Replacement of Impeller or Water Seal
Assembly

1. Use tool J 29190-A to pull the impeller off the
water pump shaft (Fig. 3).

9190-A

2. Remove the face mating seal and pry out the
water seal assembly with a screwdriver.

3. Inspect the bearing cavity for scores where the
outer perimeter of the water seal assembly seals
against the bearing cavity bore. When the bearing
cavity bore is scored, a non-hardening sealant
should be used in addition to the seal’s coating to
prevent coolant leakage.

4. TInstall the water seal assembly and impeller as
outlined in Steps 5 through 9 provided in the
“Assemble Pump” instructions.

Disassemble Water Pump
1. Using puller tool J 29190-A, remove the pulley
hub from the bearing shaft (Fig. 4). For the
marine low mount pump use puller tool J 34117

(Fig. 5) or equivalent.

Fig. 4 - HmovingPu ey Hub From earln haft Using '
ToolJ 29190-A

Fig. 5 - Removing Pulley From Bearing Shaft Using Tool
J 34117

2. Using tool J 29189-A (Fig. 6) press the
shaft/bearing assembly, seals and impeller out of
the pump body as an assembly by applying
pressure on the bearing outer race. Marine low
mount and standard low mount pumps require
removal of the impeller caver, O-ring and snap
ring prior to pressing the bearing assembly out of
the pump body.

3. Discard all water pump parts except the body on
the standard high mount pump. On marine low
mount and -standard low mount pumps the
impeller cover, O-ring, snap ring and body are
reusable. The pulley hub on the marine low
mount pump is reusable.

NOTICE: The pulley hub on the standard high
mount and standard low mount pumps must be

Page 2
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WATER PUMP 5.1

Fig. 6 - Removing Shaft and Bearing Assembly Using
Tool J 29189-A

replaced if removed from the shaft assembly.
Reuse of the pulley hub after it has once been
removed from the shaft assembly will result in
excessive pulley hub axial runout.

inspection

1.

Clean the pump body and bearing cavity. A small
drill or wire may be required to clean all small
passages.

Examine the pump body for cracks and excessive
impeller contact with the body. Inspect the
bearing cavity for scores where the outer
perimeter of the water seal assembly seats and
seals against the bearing cavity bore. When the
bearing cavity bore is scored, a non-hardening
sealant should be used in addition to the seal’s
coating to prevent coolant leakage.

Measure the pump’s bearing cavity inside bore
diameter. This can be accomplished with a
telescoping gage and a micrometer. The bore
diameter must be within 38.036 - 38.054 mm (1.
497 - 1.498") to provide sufficient bearing press
fit. A pump body outside these dimensions must
be discarded.

Assemblie Pump

1.

Use installer tool J 29189-A to apply pressure to
the outer race of the bearing (Fig. 7). Press the
shaft/bearing assembly into the pump body until
the outer race of the bearing is flush with the
outer face of the pump body. The tool will stop
the bearing at the proper depth.

NOTICE: Severe damage (brinelling) to the
bearings will result by applying pressure on the
end of the shaft.

Supporting the water pump shaft (impeller side)
on an arbor press, press a new pulley hub on the
shaft using tool J 29191 (Fig. 8). Tool J 29191
is designed to position the pulley hub at the

Fig. 7 - Installing Shaft and Bearing Assembly Using
Tool J 29188-A

correct dimension on the shaft. On the marine
low mount pumps only, the pulley hub can be
reused and is pressed on until the pulley hub is
flush with the end of the shaft.

PULLEY
HUB

Fig. 8 - Installing Pulley Hub Using Toot J 28191

3. Prior to installing the seals, several water pump

pulley hub measurements are required with a
magnetic base dial indicator (J 7872). These
measurements are not required on the marine low
mount water pump pulley hubs. Refer to Fig. 9
for water pump pulley hub total indicator runout
(T.I.R.) measurement locations.

Location A = 0.127 mm (0.005") maximum face
T.I.R. measured outside of the 101.6 mm (4.0")
diameter bolt hole circle.

Location B = 0.076 mm (0.003”) maximum
radial T.I.R.

O]
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Fig. 9 - Water Pump Puliey Hub, Puliey and Fan Spacer Measurement Locations

Location C
radial T.I.R.

When the water pump pulley hub is found to be

0.051 mm (0.002") maximum

outside of the allowable limits, remove the pulley hub
(DO NOT REUSE) and inspect the shaft. If the shaft
is found to be serviceable, install a new pulley hub and
repeat the measurement procedure.

4,

Press the lip type oil seal (spring side positioned
toward the impeller) into the pump body bore,
bottoming against the outer race of the bearing,
using tool J 29189-A.

Tap the water seal assembly into the pump body
bore with a suitable sleeve (15/16" 1.D. x 4-1/2"
long pipe) which has an inside diameter large
enough to fit around the seal and rest on the
cartridge lip. The ceramic face of the seal must
not be contacted during this operation.

Coat the ceramic side of the face mating seal with
an ethylene glycol antifreeze and water mixture
of 50/50%.

NOTICE: Care must be exercised when coating
the ceramic seal, to apply a clean solution only on
the cerdamic face.

Slide the face mating seal assembly over the
impeller end of the shaft bottoming against the
water seal assembly. The rubber (black) portion
of the face mating seal seats against the impeller
and the ceramic side (white) seats on the water
seal assembly.

8.

10.

Support the shaft on the pulley hub end and press
the impeller (using its inner hub} on the shaft
with tool J 29190-A. Tool J 29190-A is flat on
one side and has been machined on the other side
to properly position the impeller on the shaft and
within the body (Fig. 10).

Check the dimensions between the impeller blades
and the body with a feeler gage. The impeller blade to
body clearance is 0.02-0.91 mm (0.001-0.036") Us-
ing a straight edge, check to be sure that the impeller
does not protrude beyond the pump body face (sur-
face “B” in Fig. 1) more than 0.39 + 0.08 mm (0.15"
+ .003”) maximum after assembly. The impeller
may have to be repositioned inward or outward to
meet specifications. The impeller can be repositioned
using tool J 29190-A. The marine low mount pump
requires no further measurements. It will be
necessary to install a new O-ring, the original cover
on marine low mount and standard low mount
pumps. Then secure these parts in place with the
original retainer snap ring (Fig.11).

Remove the outer snap ring using J 28507, bearing
and inner snap ring from the turbine side of the
center section.

Install Water Pump

1.

Affix a new gasket to the mounting flange of the
water pump body.

Page 4
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DETROIT DIESEL 8.2L

Fig. 10 - Installing Water Pump Impeller Using Tool
J 29190-A

COVER SEAL RING RETAINING RING
4320

Fig. 11 - Standard Low Mount and Marine Low Mount
Water Pump

2. Secure the water pump assembly to the engine
front cover with attaching bolts. Torque the
M10X70 mm bolts to 46-53 N-m (34-39 {b-f1).
Torque the M8X20 mm bolts to 30-34 N'm
(22-25 1b-ft).

3. Install all of the hoses that were removed and
tighten the hose clamps.

4. The following procedures usually require
installation of pulley(s) and fan spacer (where
applicable) withcut fan or fan drive assembly to
obtain the required measurements,
Measurements are required during the
installation of these components to the water
pump pulley hub to maintain runout within
allowable limits. Installation of the fan or fan
drive assembly will be made after the
measurement procedure is completed. AH mating
surfaces of fan drive components should be
inspected for smoothness and reworked, as
necessary, to eliminate burrs or other

imperfections. Refer to Fig. 9 for total indicator
runout (T.I.R.) measurement locations.

Location D = 0.229 mm (0.009") maximum T.L.
R. of the pulley(s) face without a spacer.
Measurements can be taken with just the pulley(s)
attached to the water pump pulley hub or with
pulley(s) and fan or fan drive assembly attached.

NOTICE: When an added pulley is utilized, a face
runout measurement may not be possible in some
applications. If puliey fan runout cannot be
measured, a visual inspection is required to insure
pulley(s) are properly seated and aligned.

Locaticn E = 0.279 mm (0.011") maximum T.I.
R. of pulley(s} and spacer face with fan or fan drive
assembly not attached. Location F = 0.203 mm (0.
008”) maximum T.LR. of spacer’s radial pilot. After
proper alignment has been achieved, do not loosen the
spacer attachment bolts.

When T.1.LR. measurements are within allowable
limits, install the fan or fan drive assembly. During
installation of fan or fan drive assembly, pulley(s) and
spacer, indexing to water pump pulley hub must not be
changed. It may be desirable to mark components
when disassembly is required, thus providing a
permanent indexing location to facilitate reassembly.

When maximum T.IR. measurements are
exceeded, the pulley(s) or spacer must be reindexed or
repositioned and the measurement procedure repeated.

NOTICE: Face total indicator runout (T.I.LR.) at
points D and E must be measured outside of fan
or fan drive attachment bolt diameter.

Install Fresh Water Pump (Marine)

1. Install the water pump, new gaskets and bolts.
Torque bolts to 46-53 N-m (34-39 lb-ft).

2. Install the heat exchanger brackets and bolts to
the water pump body. Also, install the fuel line
with clips at this time. Torque the bolts to 46-53
N-m (34-39 1b-ft).

3. Reposition the hoses (to water pump from left
and right bank cylinder head water outlet elbows)
and tighten clamps,

4. Install hose (to R/B exhaust manifold from water
pump) and tighten clamps.

5. Install hose (to connecting tube to L/B exhaust
manifold from water pump) and tighten clamps.

6. Install hose (from heat exchanger to water pump)
and tighten lower clamps.

7. [Install the alternator belts, adjust belts using a
tension gage. Tighten the retaining bolts.

8. Install the heat exchanger with bolts, tighten
bolts to 79-91 N+'m (58-67 lb-ft).

9. Position the hoses (to heat exchanger from fresh
and raw water pumps) and tighten clamps.

© 1985 General Motors Corp.
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‘5.1 WATER PUMP

10. Install hose (from thermostat housing to water
_pump) and tighten clamps.

[1. Inmstall deaeration tube and tighten.
Install Fan/Drive Belts
1. Install and tighten the fan'bélts. Use belt tension

gage J 23600-B to adjust the belts for correct
tension as ou‘tl‘ined in Section 15.1.

DETROIT DIESEL 8.2L

NOTICE: Loose belts may place an extremely
high impact load on driven component bearings
due to the whipping action of the belt. An
overtightened belt places unnecessary loads on the
component bearings.

Close the water drain in the radiator and replace
any plugs removed. Fill the cooling system as
outlined in Section 5 or according to the original
equipment manufacturer’s recommendations.
Run the engine and check for leaks in the cooling
system,

Page 6 v
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5.2.1

THERMOSTAT

Prior to January, 1985 the temperature of the
automotive engine was controlled by two partial
blocking type thermostats. Marine and industrial
engines incorporated two full blocking type
thermostats). Beginning with engines built January,
1985, all engines will use the full blocking thermostats
located in the water pump body mounted on the front
cover.

OPERATION

At coolant temperature below approximately
71-80°C (160-176°F) depending on the thermostat used
- the thermostat valve remains closed and blocks the
flow of the coolant to the radiator or heat exchanger.
During this period, all of the coolant is circulated
through the engine and is directed back to the suction
side of the water pump via the bypass passage.

As the coolant temperature rises above
approximately 71-80°C (160-176°F) and depending on
the thermostat used, the thermostat valve begins to
open restricting the bypass system and permitting a
portion of coolant to circulate through the radiator or
heat exchanger and then through the engine. As the
coolant temperature reaches approximately 89-94°C
(192-20I°F) the thermostat valves are fully open. At
this point the automotive bypass system (pre-1985) is
mostly blocked off. Bypass systems of engines built
beginning January, 1985 will be completely blocked off
at this point. The marine and industrial bypass systems
are completely blocked off. This allows the coolant to
be directed through the radiator or heat exchanger,
thereby regulating the coolant temperature.

Remove Thermostats

To remove the thermostats proceed as follows:
1. Drain the cooling system to the necessary level.

2. Remove the hose connections between the
thermostat cover and the radiator.

3. Loosen the bolts and remove the thermostat
cover from the water pump housing. Discard the
gasket. Take out the thermostats.

Inspection

If the action of the thermostat has become
impaired due to accumulated rust and corrosion from
the engine coolant so that it remains closed, or only
partially open, thereby restricting the flow of water,
overheating of the engine will result. A thermostat
which is stuck in a wide open position may not permit
the engine to reach its normal operating temperature.
The incomplete combustion of fuel due to cold
operation will result in a build-up of carbon deposits on
the pistons, rings and valves.

The operation of the thermostat may be checked
by immersing it in a container of hot water as shown
in Fig. 1. Place a thermostat in the container but do

A—STARTS TO QPEN
B--FULLY OPEN

12422

Fig. 1 - Method of Checking Thermostat Operation

maintain an even temperature throughout the
container. As the water is heated, the thermostat valve
should begin to open. The opening temperature is
usually stamped on the thermostat. Refer to Table 1
for the thermostat operating specifications.

THERMOSTATS
STARTTO MINUMUM TRAVEL
APPLICATION OPEN 1‘::%:!2;:::5 ATFULLY OPFEN
TEMPERATURE TEMPERATURE
AUTOMOTIVE 8O- 84°C 94°C 2.1 MM
(NEW} 176°-184°F) (201°F) {.3587
MARINE 75°-79°C 89°C 2. 1MM
(NEW) (167°-174°R) (192°F) {3587
INDUSTRIAL B0 84°C 94°C 9. 1MM
(NEW) {176°. 184°F) {201°F) (3587
AUTOMOTIVE 76°-88°C" o4C* 7.62MM
{USED) {(168°- 190°F) {201°F) (.3001
MARINE 71°-83°C” asc* 7.62MM
{USED} (1607 181°F} {192°F} {3007
INDUSTRIAL 76°-88°C* o4C* 7.62MM
{USED} {168°- 190°F) {201°R) (3007
* Approximate TABLE 1

Clean the thermostat seating surfaces in the water
pump and the thermostat cover.

Install Thermostats

Install the thermostat(s) as follows:
1. Place a new gasket on the water pump housing.
2. Insert the thermostats into the housing.

3. Install the thermostat cover and secure it to the
housing with four bolts. Torque the M10 x 1.50
mm bolts to 46-53 N-m (34-39 Ib-ft).

4. Connect the hose from the radiator to the
thermostat cover, align and tighten the hose

not allow it to touch the bottom. Agitate the water to clamps. After the thermostats have been
@ 1985 General Motors Corp. JULY, 1985 SEC. 5.2.1 Page 1
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5.2.1 THERMOSTAT

DETROIT DIESEL 8.2L

installed, close all of the drains and fill the cooling
system. Start the engine and check for leaks.

Page "2
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DETROIT DIESEL 8.2L

5.3.1

COOLANT PRESSURE CONTROL CAP

The radiator (or expansion tank) has a pressure
control cap with a normally closed valve. The cap is
designed to permit a pressure of 103 kPa (15 psi)
minimum in the system before the valve opens (Fig. 1).
This pressure raises the boiling point of the cooling
liquid and permits somewhat higher engine operating
temperatures without loss of any coolant from boiling.
To prevent the collapse of hoses and other parts which
are not internally supported, a second valve in the cap
opens under vacuum when the system cools (Fig. 2).

CAUTION: Use extreme care when
removing the coolant pressure control
cap. Remove the cap slowly after the
engine has cooled. The sudden roloase
of pressure from a heated cooling
system can result in loss of coolant
and possible personal injury {scalding)
from the hot liquid.

PRESSURE
VALVE

Fig. 1 - Pressure Control Cap (Pressure Valve Open)

Fig. 2 - Pressure Control Cap (Vacuum Valve Open}

To ensure against possible damage to the cooling
system from either excessive pressure or vacuum,
check both valves periodically for proper opening and
closing pressures, Service or replace the cap, as
required.

- ~©--1985 General Motors Corp.
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55

HEAT EXCHANGER

The heat exchanger core assembly consists of a
horizontal tube bundle enclosed in a coolant expansion
tank (Fig. 1).

In this system of engine cooling, the hot (fresh
water) coolant flows from the thermostat housing to
the expansion tank, around the outside of the tube
bundle and back to the fresh water pump.

The raw water flows horizontally through the
tube bundle (lowering the temperature of the engine
coolant) and passes out of the heat exchanger to the
turbocharger exhaust elbnw. Here the raw water is
mixed with exhaust gases and is discharged overboard.

A zinc electrode is located in the raw water inlet
of the heat exchanger to prctect the cooling system
from electrolytic action.

The expansion tank provides.a means of filling
the engine cooling system, as well. as space for

of raw water used, Soft water, plus a good grade of rust
inhibitor or antifreeze, should be used as the engine
coolant. The coolant level should be maintained near
the top of the expansion tank.

If the heat exchanger fails to cool the engine
properly, the core assembly should be examined for
foreign deposits.

Remove Heat Exchanger

1. Drain cooling systems (fresh and raw water).

2. Remove hose and clamps (to heat exchanger (H.
E.) tank from thermostat housing).
3. Remove hose and clamps (to fresh water pump

from H.E. tank).

4. Remove hose and clamps {to raw water pump
from H.E. tank).

expansion of the coolant as its temperature rises. An__ M.-._I{c;r;‘l—ave deaeration tube.
overflow pipe, attached near the top of thé tank, R E k. Tt is not
provides a vent to the atmosphere. o Remove retaining bolt}i and H'tiri tag; " ketlss z:lx?d
The length of time a heat exchanger will funiétion geclztess}_ary t?hze;"r:;\;]e ‘;age;nognmw»g;_\
satisfactorily before cleaning will be governed ldygely olts lrom pump. -~
by the kind of coolant used in the engine, and the kind 7. Remove the end cover.
COOLANT
EXPANSION FiLt DEAERATION FROM
TANK THERMOSTAT HOUSING
\OVERFLO
Rq_VJ WATE'I_?| OgT
TO TURBOCHARGER / -—
EXHAUST ELBOW : VEKIT VENT
3_ FRESH WATER FROM
; THERMOSTAT HOUSING
4'HOLES
RUBBER GASKET 3 L
END COVER ~ N2 > L -
L [ 7z X I 7
\ - f
soLT Lol }—L /1 N\ / ]
; f—= f
FIBER WASHEI?‘{j | y A T AN Y 4 ]
,, —i A\
; ]
ZINC ELECTRODE P ‘/
/
!
H BUNDLE FRESH WATER RAW WATER
! DRAIN DRAIN
/ FROM RAW
’ WATER PUMP 16399
Fig. 1 - Heat Exchanger Schematic
-~
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5.6 HEAT EXCHANGER

DETROIT DIESEL 8.2L

Clean Heat Exchanger Core

. When foreign deposits accumulate in the heat
exchanger to the extent that cooling efficiency is
impaired:

1. Remove the heat exchanger core.

2. With the end cover removed, immerse the heat
exchanger core in a scale solvent consisting of
one-third (1/3) muriatic acid and two-thirds
(2/3) water to which one-half (1/2) pound of
oxalic acid has been added to each two and
one-half (2-1/2) gallons of solution.

3. Remove the core when foaming and bubbling
stops. This usually takes from thirty to sixty
seconds.

4. Flush the core thoroughly with clean hot water
under pressure.

NOTICE: To prevent drying and hardening of
accumulated foreign substances,” the heat
exchanger core must be cleaned as soon as possible
after removing it from service. .

P TR

"

Inspect Zific Electrodes

The electrode should be inspected at least once
every season, depending on the location of the boat.

Clean pitted electrodes with a wire brush. Should
excessive pitting or erosion be found, the electrode and
holder should be discarded and a new one installed in
the heat exchanger. * P

inspection

1. With a new end cover gasket and fiber washer,
reinstall the end cover.

2. Torque the end cover bolt to 3 N-m (2 lb-ft)
maximum.

3. Using suitable plugs, biock off the raw water in
and out connections of the heat exchanger.

4. Be sure that the raw water drain plug is installed
and that the pressure cap and fresh water drain
plug are removed.

5. Remove the zinc electrode and install an adaptor
and an air line into the opening.

6. Immerse the heat exchanger vertically into a
water tank preheated to 82-93°C (180-200°C).

7. Agpitate the heat exchznger in the water to remove
all afr. 4

8. Apply 138 kPa (50 psi) and observe for air -

bubbles. -7 B
9. If a leak ig.found, the heat exchanger must be
repaired or replaced before reinstallation.

B in,smtyﬁ Heat Exchanger

1. . ‘Install heat exchanger tank and retaining bolts.
“Torque bolts to 79-91 N-m (58-67 Ib-ft).

2. f Install deacration tube and tighten.

3. { Install hose and tighten clamps (to fresh water
pump from H.E. tank}.

4. 4 Install hose and tighten clamps (to raw water
yump from H.E. tank).

5. stafl hose and tighten clamps (to H.E. tank

. - fréym thermostat housing).

6. Reffill the fresh and raw water systems and check

© 1985 General Motors Corp.
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DETROIT DIESEL 8.2L

5.6

RAW WATER PUMP (JABSCO)

Raw water for lowering the temperature of the
engine coolant is circulated through the heat exchanger
by a right-hand rotating positive displacement pump
(Fig. 1). The pump is attached to a mounting bracket
located at the right front of the engine.

Fig. 1 - Raw Water Pump Mounted on Engine

An impeller, splined to the end of the drive shaft,
is self-lubricated by the water pump and should not be
run dry for longer than 30 seconds . Lack of liquid
will damage the impeller.

A wear plate in the impeller compartment
prevents wear of the end cover and can be reversed if
wear on the plate becomes excessive. A slot machined
in the outer periphery of the wear plate registers with
a dowl in the pump housing, thus preventing it from
rotating with the shaft. .

A rotary type seal assembly seals against leakage
along the shaft.

Operation

The pump can be operated in a clockwise or
counterclockwise direction. Raw water is drawn into
the pump through an inlet opening and discharged
through the outlet opening.

Lubrication

The shielded type double row ball bearing is filled
with lubricant when assembled. No further lubrication
is required.

Remove Raw Water Pump from Engine

1. Drain the raw water system.

2. Loosen the hose clamps at the outlet elbow and
intermediate tube and slide the hose along the
tube.

3. Loosen the hose clamps at the inlet elbow and the
inlet tube and slide the hose along the tube.

4. Remove the bolts and lock washers holding the
pump to the mounting bracket.

Disassemble Pump

Refer to Fig. 2 and disassemble the pump as
follows:

1. Using a three leg puller or press, remove the drive
pulley and key.

2. Remove the end cover screws, end cover and
gasket.

3. Grasp the hub of the impeller with water pump
pliers and withdraw from the body.

4. Remove the cam screw and cam. Clean Permatex
from the cam and body bore.

5. Remove the wearplate.

6. Insert a screwdriver between O.D. of the outer
bearing seal and the bearing bore and pry out the
seal.

7. Remove the bearing-to-body retaining ring.

8. Press on the impeller drive end of the shaft to
remove the shaft and bearing assembly.

9. Using extreme care not to mar the body bore,
insert a screwdriver between the O.D. of the inner
bearing seal and bearing seal bore and pry out the
seal.

10. Remove the ceramic seal seat and seat gasket
from the shaft. Press the carbon seal seat out of
the body towards the impeller bore.

11. Remove the bearing-to-shaft retaining ring.

12. Support the bearing inner race and press on the
drive end of the shaft to remove the shaft from the
bearing. Do not attempt to remove the bronze
bushing which is pinned to the shaft.

13. Inspect all parts for wear or damage and replace
where necessary. '

Inspect Pump Parts

After disassembly, clean all parts thoroughly,
except the bearing. Shielded bearings must not be
washed ; dirt may be washed in and the cleaning fluid
could not be entirely removed from the bearing. Wipe
the bearing clean on the outside, and then inspect it.
Hold the inner race and revolve the outer race slowly

© 1985 General Motors Corp.
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DETROIT DIESEL 8.2L

SCREW
RETAINING RING
SCREW GASKEY WEARPLATE ~ (BRG. TO BODY)
(END COVER) BODY
CAM BEARING SEAL

)gil
%

END COVER

IMPELLER

{QUTER)

30)090

l BALL BEARING

. '

RETAINING RING

BEARING SEAL (INNER)  (BRG. TO SHAFT)
[ SEAL (FACE) sHaFT T KEY
6431

Fig. 2 - Raw Water Pump and Relative Location of Parts

to detect possible wear or rough spots. Replace the
bearing if it is worn or does not roll freely.

Examine the parts of the seal assembly and the
ball bearing seals. Discard any parts that have been cut,
cracked or otherwise damaged.

Inspect the oil seal contact surfaces of the shaft
for scratches or grooves. Smooth the surfaces with a
crocus cloth wet with fuel oil, if scratched.

Inspect the impeller to make sure the bond
between the neoprene and the metal is good. If the
impeller blades have a permanent set, a new impeller
should be used.

Remove any burrs the from wear plate. If wear
on the‘plate is excessive, it may be reversed when the
pump is assembled.

Assemble Pump

Using new parts where required, refer to Fig. 2
and assemble the pump as follows:

1. Lubricate the inner bearing seal lip with grease
and press the seal into the body bearing seal bore
with the lip facing away from the bearing bore.

2. Press the shaft into the bearing, using care to
support the inner race of the bearing.

3. Install the bearing-to-shaft retaining ring with the
flat side towards the bearing.

4. Insert the splined end of the shaft through the
bearing bore until the bearing contacts the body.

3. Pressing on the bearing outer race, install the
bearing into the bore.

6. Install the bearing-to-body retaining ring in the
body groove with the flat side towards the
bearing.

7. Lubricate the outer bearing seal lip with grease
and with the lip outwards, press into bearing bore
until it is flush with the body.

8. Lubricate the rubber grommet in the ceramic seal
seat with water and install on the shaft, with the
grommet towards the bearing. Install the seal
(carbon toward ceramic seat) in the seal bore and
press flush with bottom of impeller bore,

9. Install the wearplate in the body bore, aligning
the slot in the wearplate with the dowel pin in the
body.

10. Lightly coat the cam screw threads and the top
side of the cam with a non-hardening waterproof
sealant and install in the body with the cam
SCTCW.

11.  Support the impeller end of the pump and press
on the drive pulley until it is flush with the end
of the shaft.

NOTICE: Do not hammer the pulley on the shaft;
this may damage bearings or seal.

12. Lubricate the impeller bore and end surfaces of
the impeller with a light coat of Vaseline and start
the impeller into the bore with a rotary motion
until the splines engage. Using a plastic hammer,
lightly tap the impeller into the bore.

13.  Turn the impeller several turns in that direction
in which it will normally operate, to position the
blade properly.

14. Install the gasket and end cover and secure with
the end cover screws.

Install Raw Water Pump on Engine

The pump may be installed by reversing the
procedure used for removal.

NOTICE: Do not overtighten the drive belt. An
overtight belt will reduce the pump bearing life and
may side load the crankshaft. Adjust the belt
tension so that a firm push with the thumb at a

Page 2
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DETROIT DIESEL 8.2L

RAW WATER PUMP 5.6

point midway between the two pulleys will depress
the belt 1/2".

Torque the water pump mounting bolts to 58-66
N-m (42-48 1b-ft).

Drain Pump
The raw water pump is not provided with a drain

valve. If freezing temperatures are anticipated and the
engine is not going to be operated or the engine is being

placed in storage, it is recommended that the raw water
pump impeller housing be drained in addition to
draining the engine cooling system.

Drain the raw water pump impeller housing by
carefully pulling the pump cover away from the
housing after loosening the screws. If the gasket is
damaged, the cover will have to be removed and the
gasket replaced.

After the pump has been drained, replace the
cover and tighten the screws.

© 1985 General Motors Corp.
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FUEL PINCHER

5.0

STANDARD METRIC BOLT AND NUT TORQUE SPECIFICATIONS

Thread Size BOLT CLASSES /TORQUES
Diameter X MM 8.8 9.8 10.9

Per Thread

Nm/LB-FT Nm/LB-FT Nm/LB-FT
M5 X .8 None used 5.0-6.0/3.7-4.4 7.0-8.0/5.2-5.9
M6 X 1.0 ” ” 10-12/7.4-9.0 13-15/10-11
M8 X 1.25 ‘ ” 23-27/17-20 30-34/22-25
MI0 X 1.50 “ ” 46-53/34-39 58-66/43-49
MI12 X 1.75 ” " 79-91/58-67 101-116/74-86
M14 X 2.0 “ 126-144/93-106 160-184/118-136
M16 X 2.0 ” " 192-220/142-162 245-280/181-207
M20 X 2.5 334-384/246-283 None used 478-550/353-406

. STANDARD METRIC BOLTS

Metric Bolts — tdentification class numbers correspond to bolt
strength — Increasing numbers represent increasing strength.

Manufacturers
Identification

Strength

ldentification Bolt Head

¢ 1984 General Motors Corp. May, 1984 SEC. 5.0 Page 1




5.0 FUEL PINCHER

SERVICE TOOLS

TOOL NAME TOOL NO.
Water Pump

Impeller - removerandinstaller. ...t J 29190-A
Bearing and oil seal - remover andinstaller.. ............... .. ... ... J 29189-A
Pulley hub-remover andinstaller. . .......... ..o, J 29191
Pulley hubpuller (Marine). . . ... i e es J 34117
Dialindicator. . ....................... e e i J 7872
Belt tension Bage. ... ... . i e e e e J 23600-B

Page 2 : © 1984 General Motors Corp.
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SECTION 6
® EXHAUST SYSTEM
CONTENTS

EXRAUST SYSTEIIL 1oeconurrereteemarteteereiit s e scis b a2 eseeers s b e e e e e T 1o abe s s s e s babre s e e s b T aen bbb s b e S e sy e nnaanes 6
Exhaust Manifold (Air-Cooled) ..o 6.1
Exhaust Manifold (Water-Cooled) ..........ccocmiiinieiiiiii s 6.1.1

EXHAUST SYSTEM

The fan and radiator cooled engine is equipped Stainless steel heat shields are used in the exhaust
with air cooled exhaust manifolds. ports of the cylinder head.
. , The exhaust manifold is attached to the cylinder
. : The outlet flange is at the rear when the manifold  y.,4 with eight hardened bolts that incorporate a
is mounted on the engine. Some N. A. engines have the special locking thread design.

outlet flange pointing down.

@ 1985 General Motors Corp. JULY, 1985 SEC. 6 Page 1
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6.1

EXHAUST MANIFOLD

Fig. 1 - Exhaust Manifold Mounting

One cast iron exhaust manifold (Fig. 1) is attached to
each cylinder head. The exhaust manifolds have a
circular outlet. Marmon flange type clamps are used to
connect the exhaust inlet tube to the turbocharger at
the rear of the engine. On non-turbocharged engines
the exhaust manifold outlet is at the rear or points
down depending on the model.

Remove Exhaust Manifold

1. Loosen two clamps at the exhaust inlet tube between
the manifold and turbocharger. Remove clamps and
tube.

2. Remove two manifold bolts which atach the lifter
and take away the lifter.

3. Loosen, but do not remove, one of the center
manifeld bolts. Remove the other bolts.

4. Support the manifold and remove the remaining
bolt.

5. Remove the manifold and gasket from the cylinder
head. Discard the gasket.

6. Remove the heat shield from each exhaust port.

Inspection

Remove any loose scale and carbon that may have
accumulated on the internal walls of the manifold.
Clean the manifold and check for cracks, espéciaily in
the holding areas.

Clean 1the exhaust port heat shields and check them for
dents and cracks.

install Exhaust Manifold

{. Insert a heat shield into each exhaust port. Be sure
the lip is properly seated in the counter-bore.

2. Position a gasket on the manifold with word “Out”
against the manifold mounting face.

3. Insert two bolts and attach the manifold and gasket
to the cylinder head.

4. Install the fifter bracket using the (2} two longer bolts
in the upper holes.

5. Instali all of the remaining bolts and tighten them
to 58-66 Nm (43-49 1b-ft) torque.

6. Connect the exhaust inlet tube between the manifold
and turbocharger. Tighten the 1/4”-28 clamp nuts to
12-15 Nm (9-11 1b-ft) torque.

7. On non-turbocharged engines with the exhaust outlet
mounted down, connect it to the exhaust piping.

© 1984 General Motors Corp.
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EXHAUST MANIFOLD (WATER-COOLED)

The one-piece water-cooled manifold (Fig. 1) is
cast with an integral water jacked surrounding the
exhaust chamber. The manifold connects to a
water-cooled crossover turbo mount at the rear of the
engine. Coolant is supplied from the water pump via
a tube or hose to the front end of the manifold. The
coolant circulates through the manifold to the
crossover fturbo mount into the water-cooled
turbocharger and exits at the top of the turbocharger
via a tube returning the coolant to the cylinder head
water outlet elbow.

A plug is provided in the bottom of the exhaust
manifold for draining moisture condensed from the
exhaust gases,

Remove Exhaust Manifold

1. Drain the cooling system.

2. Remove the coolant supply tube/hose and
clamps.

3. Remove the four bolts to the crossover turbo

mount.

4, Remove the exhaust manifold bolts (8 bolts - 4
short-top, 4 long-bottom) and the exhaust
manifold.

5. Remove the gaskets.

Inspection

Remove the loose scale and carbon that may have
accumulated on the internal walls of the exhaust
manifold. Visually check for cracks or other damage.

Install Exhaust Manifold

1. Install the exhaust manifold using new gaskets
(one manifold gasket and one gasket between the
manifold and the crossover turbo mount). Torque
the manifold bolts to 58-66 N'm (43-49 1b-ft).

Torque the crossover turbo mount bolts to 58-66
N-m (43-49 1b-ft).

Install the coolant supply tube/hose and clamps.
Fill the cooling system and check for leaks.

bt

"WATER-COOLED
EXHAUST MANIFOLD

MR WATER-COOLED
A . EXHAUST MANIFOLD "

Fig. 1 - Typical Water-Cooled Exhaust Manifolds -

ft Bank and Right Bank
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SECTION 7
ELECTRICAL EQUIPMENT, PROTECTIVE SYSTEM
CONTENTS

Electrical SYStem .ooocoooveeeiiiiieneeirenn v sres

Battery-Charging Alternator ..........cccoeevreeinin

Starting MOtOT ........oiiiiiiimrcoiie it ciaee s

Engine Shutdown Solenoid ...,

ELECTRICAL SYSTEM

A typical engine electrical systern generally
consists of a starting motor, a battery-charging
alternator, a transistor combination voltage regulator,
current regulator and cutout relay to protect the
electrical system, a storage battery and the necessary
wiring. An electric operated shutdown solenoid is also
mounted on the engine governor.

Detailed information on maintenance and repair
of the specific types of electrical equipment can be
found in the service manuals and bulletins issued by the
equipment manufacturer. Information regarding
equipment manufactured by the Delco-Remy Division
of General Motors Corporation may be obtained from
their electrical equipment operation and service

manuals, The manuals may be obtained from
AC-Delco service outlet, or from the Technical
Literature Section, Delco-Remy Division of General
Motors Corporation, Anderson, Indiana.

In most instances, repairs and overhaul work on
electrical equipment should be referred to an
authorized repair station of the manufacturer of the
equipment. Replacement parts for electrical equipment
should be ordered through the eqguipment
manufacturer’s outlets, since these parts are not
normally stocked by Detroit Diesel Allison. For
electrical equipment manufactured by Delco-Remy
Division, repair serivce and parts are available through
AC-Delco branches and repair stations.

© 1985 General Motors Corp.
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DETROIT DIESEL 8.2L 7.1

BATTERY-CHARGING ALTERNATOR

f . Remove Alternator 2. Install the drive belts and adjust.
‘ . . . Tighten the nuts and bolts. See Fig. 1 for bolt and
1. Loosen the alternator adjusting bracket bolts, nut torques.
reposition the alternator and remove the drive 4. Check drive belts with a recommended tension
belts. gage such as J 2360-B. Readjust belts, if
2. Remove the bolts and the alternator. Necessary.

Install Alternator

1. Install the alternator and bolts loosely.

TORQUES

— 30-34 Nm (22-25b. it}
B)— 58- 66 Nm {43 - 49 [b. ft)

Fig. 1 - Relative Location of Parts {8.2L Marine Alternator}
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STARTING MOTOR

The starting motor is mounted on the flywheel
housing as illustrated in Fig. 1. When the starting
circuit is closed, a small drive pinion on the armature
shaft engages with the teeth on the engine flywheel ring
gear to crank the engine. When the engine starts, it is
necessary to disengage the drive pinion to prevent the
arimature from overspeeding and damaging the starting
motor. To accomplish this, the starting motor is
equipped with a Sprag-Type overrunning clutch.

Fig. 1 - Starting Motor Mounting

A solenoid switch, mounted on the starting motor
housing, operates the overrunning clutch drive by
linkage and a shift lever. When the starting switch is
engaged, the solenoid is energized and shifts the
starting motor pinion into mesh with the flywheel ring
gear and closes the main contacts within the solenoid.
Once engaged, the clutch will not disengage during
intermittent engine firing. To protect the armature
from excessive speed when the engine starts, the clutch
“overruns”, or turns faster than the armature, which
permits the pinion to disengage itself from the flywheel
ring gear.

The solenoid plunger and shift lever is totally
enclosed to protect them from dirt, water and other
foreign material.

In the heavy-duty clutch type (Fig. 2) an oil seal,
between the shaft and the lever housing, and a linkage
seal prevents the entry of transmission il into the main
frame of the starting motor and solenoid case, allowing
the motor to be used on wet clutch applications.

The nose housing on the Sprag clutch type
starting motor can be rotated to obtain a number of
different solenoid positions with respect to the
mounting flange. When repositioning of the solenoid is
required on a service replacement starting motor,
proceed as follows:

Starter with Heavy Duty Clutch

The nose housing in Fig. 2 is attached to the lever
housing by six bolts located around the outside of the
housing. Relocate the nose housing as follows:

1. Remove the six socket head screws (1 short and
5 long) and six neoprene plugs from the unused
holes if a twelve hole starter mounting flange is
used.

2. Turn the nose housing to the required position.

NOTICE: The solenoid must never be located
below the centerline of the starter or dust, oil,
moisture and foreign material can collect and
cause solenoid failure.

3. Install the six socket head screws, with the short
screw in the shallow hole nearest the solenoid,
and six neoprene plugs, if a twelve hole starter
mounting flange is used.

4. Tighten the screws to 18-23 N-m (13-17) Ib-ft
torque.

Lubrication

The starting motor bearings (bushings) are
lubricated by oil saturated wicks which project through
each bronze bushing {one at each end and one at the
center) and contact the armature shaft. Oil can be
added to each wick by removing a pipe plug which is
accessible on the outside of the motor (refer to
Section 15.1).

Flywheel Ring Gear

The starting motor drive pinion and the engine
flywheel ring gear must be matched to provide positive
engagement and to avoid clashing of the gear teeth.

REMOVE STARTING MOTOR

Failure of the starting motor to crank the engine
at normal cranking speed may be due to a defective
battery, worn battery cables, poor connections in the
cranking circuit, defective engine starting switch, low
temperature, condition of the engine or a defective
starting motor.

If the engine, battery and cranking circuit are in
good condition, remove the starting motor as follows:

1. Remove the ground strap or cable from the
battery or the cable from the starting motor
solenoid. Tape the end of the cable to prevent
discharging the battery from a direct short.

2. Disconnect the starting motor cables and
solenoid wiring.

NOTICE: Tag each lead to ensure correct
connections when the starting motor is reinstalled.

3. Support the motor and remove the three bolts
which secure it to the flywheel housing. Then,
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-

CONTACT DISC PLUNGER LINKAGE

HEAVY-PUTY
SOLENOID SWITCH

CONTACT GASKET
TERMINALS

SHIFT LEVER

L1NKAG; SEAL

GASKET
COMMUTATOR e
END FRAME BNt LEVER HOUSING
on 4
NOSE HOUSING 1

RESERVOIR
PIPE PLUG ‘
CABI.li

BRONZE
BUSHING olL

RESERVOIR

TERMINA :
/ INSPECTION} FIELD COIL| ARMATURE /“0" RING
o

PLATE
RINGS COMMUTATOR  POLE SHOE SHAFT 3EAL BROMNZE BUSHING

o

RESERVOIR

HEAVYY-DUTY

CLUTCH 3513

Fig. 2 - Cross Section of Starting Motor

putl the motor forward to remove it from the starter assembly). Then, pull the motor to remove
flywheel housing. it from the flywheel housing adaptor cover (Fig.
3.

- Check the starting motor, 'if required, in
accordance with the Delco-Remy “Cranking Circuit”
maintenance handbook.

Install Starting Motor

To install the starting motor, reverse the
procedure outlined for removal. Tighten the starter
attaching bolts to 192-220 N-m (142-162 1b-ft) torque.

Keep all of the electrical connections clean and
tight. When installing wiring terminal leads to the
starting motor and the solenoid switch, tighten the No.

10-32 connections to 1.8 - 3.4 N'm (16-30 lb-in)
torque and the 1/2” x 13 connections to 27-34 N-m
(20-25 1b-ft) torque. Fig. 3 - Removing or Instatling Marine Starting Motor

Remove M_arme Starting-Motor Install Marine Starting Motor

1. Remove the ground strap or cable from the To install the starting motor, reverse the
starting motor solenoid. Tape the end of the cabie procedure outlined for removal. Tighten the two ( 2)
to prevent discharging the battery from a direct  attaching nuts to 129-142 N-m (93-105 Ib-ft). Torque

short. : the bolt to 245-280 N-m (181-207 Ib-ft).
; ’ : Keep all of the electrical connections clean and
2. Disconnect the starting motor cables and  yop¢ When installing wiring terminal leads to the
s_olenoxd wiring. starting motor and the solenoid switch, tighten the No.
’ 10-32 connections to 1.8-3.4 N-m (16-30 Ib-in )

: 172" x 13 tions to 27-34 N-m
NOTICE: Tag each lead to ensure correct E%q;g ﬁﬁg)t?grqge_ X 15 connee

connections when the starting motor is reinstalled.

3. Support the motor and remove the two nuts and
loosen the bolt. A captive flange head bolt is used
in the third hole to mount the starter. (Part of the
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7.4.1

ENGINE SHUTDOWN SOLENOID

GOVERNOR

GASKET
SOLENOID
BOLT

Fig. 1 - Location of Solenoid on Governor

An electrically operated pull type shutdown solenoid is
attached to the governor cover (Fig. 1). It is sealed
with a gasket and attached with two bolts.

The solenoid must be energized to the run position or
removed from the governor prior to connecting the
governor linkage to the rack control shaft or engine
overspeed may occur. This precaution is necessary
because the solenoid is designed to hold the fuel
shutdewn in the stop position at all times except when
the solenoid is energized.

If the injector racks are held in the full fuel position
and connected to the governor while the shutdown is in
the stop position, the injector will be locked at full rack
(maximum fuel).

NOTE: The control and rack travel must be
checked after any adjustments and prior to
engine start.

Before starting an engine after an engine speed control
adjustment or after removal of the engine governor
cover and lever assembly, the serviceman must
determine that the injector racks move to the no fuel
position when the governor stop lever is placed in the
stop position. Engine overspeed will result if the injector
racks cannot be positioned at no fuel with the governor
stop lever.

CAUTION: An overspeeding engine can result in
engine damage which could cause personal
injury.

NOTE: If inadequate voltage or current is
supplied to the solenoid at engine start, the
plunger will not pull all the way back and the
primary coil will stay energized causing an
overheat condition and solencid failure. Always
return the switch to “off”” when a starting
attempt is aborted.

NOTE: It is important to provide vehicle wiring
of sufficient size to minimize voltage drop in the
solenoid circuit. As a general guideline, 10 guage
wire is recommended as minimum size to prevent
the above condition.

SHUTDOWN SOLENOID TEST PROCEDURE

A shutdown solenoid is used on 8.2L engine mechanical
governors. This solenoid uses a two-section coil: a high-
current coil to pull the plunger into the solenoid body
and a low-current coil to hold the plunger in. The high-
current coil is disconnected by an internal cutout switch
after the plunger is pulled into its seated/position. If the
solenoid malfunctions, the following tests may be used
to determine the cause:

TEST 1 - Pull in Coil Check

Procedure

Set a conventional ohmmeter to its lowest resistance
range and carefuily zero it. Attach the ohmmeter
leads to the solenoid leads and read the ohmmeter.

Results
A reading of less than 1 ohm indicates the pull in

coil is operating. A reading of greater than I ohm
indicates a malfunction in the pull in coil.

TEST 2 - Hold in Coil Check
Procedure

With the ohmmeter leads connected to the solenoid,
push the plunger in as far as possible and hold it in
that position. Read the ohmmeter.

© 1984 General Motors Corp.
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7.4.1 Engine Shutdown Solenoid FUEL PINCHER
reading exceeds +two (2) ohms, the hold in coil is
SOLENOID OPERATING O%F | 72°F | 2500F malfunctioning.

TEMPERATURE —17.5C122.2C | 21 If the solencid passes these tests but still malfunctions,
make a voltage test with the solenoid energized on the
MINIMUM VOLTAGE 6 7 10 engine. Voltage at the solenoid terminals must equal or
AT SCLENOID exceed the following minimum values to provide proper
solenoid operation (Table 1). Low voltage at the
TABLE 1 terminals may be the result of low battery voltage,
improper . wiring, improper ground connections or

Results excessive wire lengths.

A reading of eleven (11) ohms =*two (2) ohms
indicates that the hold in coil is operating. If the

Page 2
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12.6

COLD WEATHER STARTING

When starting an internal combustion engine in cold
weather, a large part of the energy of combustion is
absorbed by the pistons, cylinder walls, coolant and in
overcoming friction,

Under extremely low outside temperatures, the cold oil
in the bearings and between the pistons and cylinder
walls creates very high friction and the effort required
to crank the engine is much greater than when the
engine is warm.

In a diesel engine, the normal means of igniting the
fuel sprayed into the combustion chamber is by the
heat of the air compressed in the cylinder. This
temperature is high enough under ordinary operating

conditions but at extremely low outside temperatures
may not be sufficiently high enough to ignite the fuel
injected.

To assist in starting an engine under low temperature
conditions, cold weather starting devices are available.

The engine cylinder block has a 3/4 '* threaded drain
hole located in the front right side of the block which
can be used for an immersion type coolant heater.

NOTE: Starting aids are not intended to correct
deficiencies such as low battery, heavy oil, etc.
They are for use when other conditions are
normal but the air temperature is too low for
the heat of compressicn to ignite the fuel-air
mixture.

PRESSURIZED CYLINDER STARTING AID

Operation

Start the engine during cold weather, using the “Quick
Start™ starting aid system (Fig. 1) as follows:

1. Turn the key switch to start the engine.

2. Pull out the “Quick Start”” knob for one or two
seconds, then release it.

3. Repeat the procedure if the engine does not start on
the first attempt.

NOTE: Do not crank the engine more than
30 seconds at a time when using an electric
starting motor. Always allow one minute inter-
vals between cranking attempts to allow the
starting motor to cool.

Sarvice

Periodically perform the following service items to
assure good performance:

l. Remove the fluid cylinder and lubricate the valve
around the pusher pin under the gasket with a few
drops of oil.

2. Lubricate the actuator cable.

3. Actuate the valve with the cable to distribute the oil
on the cable and allow the oil to run down through the
valve.

4. Remove any dirt from the orifice by removing the

air inlet housing fitting, the orifice block and the
screen. Then blow air through the orifice end only.

5. Assemble and tighten the air inlet housing fitting to
the actuator valve and tube.

6. Check for leakage of fluid (fogging) on the outside
of the engine air inlet housing by actuating the
starting aid while the engine is stopped. If fogging
occurs, disassemble and retighten the air inlet housing
firring 1o the housing.

CAUTION: Do not actuate the starting aid more
than once with the engine stopped. Over-loading
the engine intake system with this high volatile
Sfluid could result in an explosion.

7. Check the fluid cylinder for hand tightness.

Spray Can

The most familiar type of ether starting aid is the
pressurized spray can. Starting an engine using an
ether spray can is a two man operation requiring one
to direct the ether at the air cleaner and a second 10
start the engine.

When using an ether spray can use caution to insure
that excessive starting fluid is not used. To much ether
could cause a momentary burst of uncontrolled engine
speed and could cause engine damage.

CAUTION: Ether is highiy flammable and toxic.
Misuse can be dangerous. Always foliow the
starting aid manufacturers recommendations

© 1984 General Motors Corp.
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regarding storage, use and amount of ether

injected. .
FLUID

CYLINDER

r————)

ACTUATOR
CABLE

METERING
VALVE

YALVE
LEVER

Fig. 1 - " Quick Start’ Assembly
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13.1

ENGINE OPERATING INSTRUCTIONS

PREPARATION FOR STARTING ENGINE FIRST
TIME

Before starting an engine for the first time, carefully
read and follow the instructions in Sections 13 and 14
of this manual. Attempting to run the engine before
studying these instructions may result in serious
damage to the engine.

NOTE: When preparing to start a new or

“overhauled engine or an engine that has been in
storage, petform all of the operations listed
below. Before a routine start (at cach shift), see
Daily Operations in the Lubrication and
Preventive Maintenance Chart, Section 15.1.

Cooling System

Install all of the drain cocks or plugs in the cooling
system (drain cocks are removed for shipping).

Open the cooling system vents, if the engine is so
equipped.

Remove the filler cap and fill the cooling system with a
coolant specified under Engine Coolant in Section 13.3.
The coolant level should be within two inches of the
filler neck to allow for fluid expansion.

Close the vents, if used, after filling the cooling system.

On marine installations, prime the raw water cooling
system and open any sea cocks in the raw water pump
intake line. Prime the raw water pump by removing the
pipe plug or electrode provided in the pump outlet
elbow and pour water in the pump.

NOTE: Failure to prime the raw water pump may
result in damage to the pump impeller.

Lubrication System

The lubricating oil film on the rotating parts and
bearings of a new or overhauled engine, or one which
has been in storage, may be insufficient for proper
lubrication when the engine is started for the first time.

It is recommended that the engine lubricating system be
charged with a pressure prelubricator, set to supply a
minimum of 25 psi (172 kPa) oil pressure, to ensure an
immediate flow of oil to all bearings at the initial engine
start-up. The oil supply line should be attached to the
engine so that oil under pressure is supplied to the main
oil gallery.

With the oil pan dry, use the prelubricator to prime the
engine with sufficient oil to reach all bearing surfaces.
Use lubricating oil as specified under Lubrication
Specifications in Section 13.3. Then, remove the
dipstick, wipe it with a clean cloth, insert and remove it
again to check the oil level in the oil pan. Add sufficient
oil, if necessary, to bring it to the full mark on the
dipstick. Do not overfill.

If a pressure prelubricator is not available, fill the
crankcase to the proper level with lubricating oil as
specified under Lubrication Specifications in Sec-
tion 13.3. Then, prelubricate the upper engine parts by
removing the valve rocker covers and pouring
lubricating oil, of the same grade and viscosity as used
in the crankcase, over the rocker arms. The oil pump
also requires prelubrication. Refer to Section 4.1.

Turbocharger

When a turbocharger is replaced, it must be
prelubricated by pouring oil into the oil supply inlet
before it is installed on the engine. Rotate the shaft to
coat the bearings with oil. If the engine has been in
storage, pressure prelubricate the system through an oil
gallery in the cylinder block. This will also prelubricate
the turbocharger.

Start and run the engine at idle uatil oil pressure and
supply has reached all of the turbocharger moving
parts. A good indicator that all the moving parts are
getting lubrication is when the oil pressure gage
registers pressure (20 psig - 138 kPa at idle speed).

CAUTION: Do not hold the compressor wheel, for
any reason, while the engine is running. This
could result in personal injury.

The free floating bearings in the turbocharger center
housing require positive lubrication. This is provided by
the above procedure before the turbocharger reaches its
maximum operating speed which is produced by high
engine speeds. Starting any turbocharged engine and
accelerating to any speed above idle before engine oil
supply and pressure has recached the free floating
bearings can cause severe damage to the shaft and
bearings of the turbocharger.

Air Cleaner

If the engine is equipped with oil bath air cleaners, fill
the air cleaner oil cups to the proper level with clean
engine oil. Do not overfill. .

© 1984 General Motors Corp.
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Transmission

Check the oil level and, if necessary, fill the
transmission case, marine gear or torque converter
supply tank to the proper level with the lubricant
specified by the manufacturer.

Fuel System

Fill the fuel tank with the fuel specified under Fuel
Specifications in Section 13,3,

If the unit is equipped with a fuel supply shutoff valve,
it must be opened. Special note should be taken of the
direction of flow through any check valves used in the
system to be sure of their proper installation.

To ensure prompt starting and even running, the fuel
system must be purged of air and full of fuel from the
supply tank to the restricted fitting at the fuel return
line. To accomplish this, 2 manual priming pump, such
as J 5956 or an eclectrical type priming pump can be
adapted easily to the fittings provided on the primary or
secondary filters. To be sure the injectors are lubricated
and in order to have less resistance to priming flow
caused by the static fuel pump, priming through the
secondary filter is preferred. The system should be
primed until no air is present in the fuel flow from the
return line. Pressure should not exceed 15 psi (103 kPa)
for ease of handling and safety reasons.

Pressurization of the fuel tank, although not recom-
mended, can be used with controlled air pressure and a
modified filler cap (do not exceed 15 psi or 103 kPa). If
this system is used, be sure the return line from the
head is disconnected to bleed the system, or no flow will
occur. Reverse flow through the return line should be
avoided to prevent reverse flushing of filters and flushing
residue from the fuel tank into the injectors. Special
provisions may have to be made on dual tanks to
prevent loss of pressure from the vent on the tank
opposite the tank being pressurized.

Priming is not always necessary if the filter elements
are filled with fuel when installed and the manifolds in
the head are not drained of fuel. Prolonged use of the
starter motor and engine fuel pump to prime the system
can result in damage to the starter, fuel pump, injectors
and erratic running of the engine, due to the amount of
air in the lines and filters from the supply tank to the
cylinder head.

Engines equipped with starting devices dependent on
compressed air or gas reservoirs should always be
primed prior to initial start-up, otherwise reserve
pressure can be exhausted. Injectors can be damaged
from lack of lubrication and cooling.

MOTE: Under no circumstances should a starting
aid such as ether be used to run the engine until
the fuel system is primed. Injector damage will
occur if this method is used. The heat generated
by the external fuel source will cause the tips to
be damaged when the fuel cools them. The
plunger and bushing can be scored from running
without lubrication.

Lubrication Fittings

Fill all grease cups and lubricate all fittings with an all
purpose grease. Apply lubricating oil to the throttle
linkage and other moving parts and £ill the hinged cap
oilers with a hand oiler.

Drive Belts

Adjust all drive belts as recommended under Lubrica-
tion and Preventive Maintenance in Section 15.1.

Storage Battery

Check the battery. The top should be clean and dry, the
terminals tight and protected with a coat of petroleum
jelly and the electrolyte must be at the proper level.

NOTE: When necessary, check the battery with a
hydrometer; the reading should be 1.265 or
higher. However, hydrometer readings should
always be corrected for the temperature of the
electrolyte.

Clutch

Disengage the clutch, if the unit is'so equipped.

STARTING

Before starting the engine for the first time, perform the
operations listed under Preparation For Starting Engine
First Time.

Before a routine start, see Daily Operations in the
Lubrication and Preventive Maintenance Chart,
Section 15.1.

Starting at air temperatures below 40°F (4°C)
requires the use of a cold weather starting aid.

The instructions for the use of a cold wcather fluid
starting aid will vary dependent on the type being used.
Reference should be made to these instructions before

Page 2
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attempting a cold weather start. Reference
Section 12.6.

CAUTION: Starting fluid used in capsules is
highly inflammable, toxic and possesses anes-
thetic properties.

Initial Engine Start {Electric)

Start an engine equipped with an electric starting motor
as follows: Set the speed control lever at part throttle,
then bring it back to the desired no-load speed. In
addition, on mechanical governors, make sure the stop
lever on the governor cover is in the run position; on
hydraulic governors, make sure the stop knob is pushed
all the way in. Then, press the starting motor switch
firmly. If the e¢ngine fails to start within 30 seconds,
release the starting switch and allow the starting motor
to cool a few minutes before trying again. If the engine
fails to start after four attempts, an inspection should be
made to determine the cause.

NOTE: To prevent serious damage to the starter,
if the engine does not start, do not press the
starting switch again while the starting motor is
running.

RUNNING

Oil Pressure

Observe the oil pressure gage immediately after starting
the engine. If there is no pressure indicated within 10 to
15 seconds, stop the engine and check the lubricating il
system. Refer to the Trouble Shooting Charts in
Section 15.2.

Warm-Up

Run the engine at part throttle and no-load for
approximately five minutes, allowing it to warm-up
before applying a load.

If the unit is operating in a closed room, start the room
ventilating fan or open the windows, as weather
conditions permit, so ample air is available for the
engine.

Inspection

While the engine is running at operating temperature,
check for coolant, fuel or lubricating oil leaks. Tighten
the line connections where necessary to stop leaks.

Engine Temperature

Normal engine coolant temperature is 77-90° C (170-
195° F).

Crankcase

If the engine crankcase was refilled, stop the engine
after normal operating temperature has been reached,
allow the oil to drain (approximately 10 minutes) back
into the crankcase and check the oil level. Add oil, if
necessary, to bring it to the proper level on the dipstick.

Use only the lubricating oil specified under Lubrication
Specifications in Section 13.3.

Cooling System

Remove the radiator or heat exchanger tank cap slowly
after the engine has reached normal operating
temperature and check the engine coolant level. The
coolant level should be near the top of the opening. If
necessary, add clean soft water or an ethylene glycol
base antifreeze.

Turbocharger

Make a visual inspection of the tutbocharger for leaks
and excessive vibration. Stop the engine immediately if
there is an unusual noise in the turbocharger.

Avoid Unnecessary Engine Idling

During long engine idling periods, the engine coolant
temperature will fall below the normal operating range.
The incomplete combustion of fuel in a cold engine will
cause crankcase dilution, formation of lacquer or
gummy deposits on the valves, pistons and rings and
rapid accumulation of sludge in the engine.

NOTE: When prolonged engine idling is neces-
sary, maintain at least 800 rpm.

STOPPING
Normal Stopping

1. Release the load and decrease the engine speed. Put
all shift levers in the neutral position.

2. Allow the engine to run at half speed or slower with
no load for four or five minutes, then, turn the key
switch to the stop position.

NOTE: Ifthe engine is equipped with a turbocharger
bring the engine to idle speed so that the turbocharger
has a chance to slow down and dissipate the heat
gencrated by the exhaust turbine, through the lub-
ricating oil, before the engine is shut down and oil
pressure is lost.
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13.1 Operating Instructions

FUEL PINCHER

Emergency Stopping

l. To stop the engine, turn the key switch to the stop
position.

2. To stop the engine with the shutdown solencid
removed, move the governor stop lever to the stop
position.

Fuel System

If the unit is equipped with a fuel valve, close it. Fill the
fuel tank; a full tank minimizes condensation.

Cooling System

Drain the cooling system if it is not protected with
antifreeze and freezing temperatures are expected.
Leave the drains open. Open the raw water drains of a
heat exchanger cooling system.

Crankcase

Check the oil lgve! in the crankcase. Add oil, if
necessary, to bring it to the proper level on the dipstick.

Transmission

Check and, if necessary, add sufficient oil to bring it to
the proper level.

inspection

Make a visual check for leaks in the fuel, lubricating
and cooling systems.

Clean Engine

Clean and check the engine thoroughly to make certain
it will be ready for the next run.

Refer to the Lubrication and Prevenrive Maintenance
Chart in Section 15.1 and perform all of the daily
maintenance operations. Also, perform the operations
required for the number of hours or miles the engine
has been in operation.

Make the necessary adjustments and minor repairs to
correct difficulties which became apparent to the
operator during the last run.

Page 4
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FUEL PINCHER 13.2

ENGINE OPERATING CONDITIONS

The engine operating charts are included as an aid for that the readings represent true values, and the
engine operation and trouble shooting. Any variations instruments are accurate, before antemping to make
from the conditions as listed may indicate an corrections to the engine.

abnormal situation in need of correction. Make sure

V8 - 8.2 Federal and California 4087- 7100 (4A53 Injector}

~ 3000 rpm
Lubrication System
Lubricating oil pressure kPa (psi):

NOFIM@L L e e 241-345 (35-50)

Minimum for safe operation ... 207 (30.0)
*Lubricating oil temperature degr. C. (degr. F.) - maxX. ... 110-127 (230-260)
Air System
Air inlet restriction kPa (inches water) - full load max.:

Dirty @ir ClBANBY e e e 5.0 (20)

Clean air ClEANEY ... .. et e e 2.5 (10)
Crankcase pressure kPa (inches water) - max. ... 0.423 (1.7)
Exhaust back pressure kPa (inches mercury) - max.:

FUN 1080 e e 9 (2.5)

Fuel System :

Fuel pressure at inlet manifold kPa (psi):
Normal with 2.8 mm (110 /") restriction ..........ccoooeimiiioiiiiiiiieeee R 310-483 (45-70)
MUY e e 241 (35)

Fuel spill liters per min, {(gpm) - minimum at no-load:

2.8MM (110 77) restriCtion .. e 4.9 (1.3)

Fuel pump suction at pump inlet kPa (inches mercury) - max.: 7

Clean SYSEOM .. et 20 (6.0)

DY SO I 41 (12.0)
Cooling System

Coolant temperature degr. C. (degr. F.) - normal ... 82°-92°C (180°-198°F)
Coolant inlet restriction kPa (inches mercury) - max. ... 10 (3.0)
Cylinder Leak Down
Pressure per cylinder at Top Dead Center:

MINIMUM 48 psi**

*The lubricating oil temperature range is based on the temperature measurement in the oil pan at the oil pump inlet.
When measuring the oil temperature at the cylinder block oil gallery, it will be 10° lower than the oil pan temperature.

**|Use cylinder leakage tester J29006 to determine psi.
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13.2 Engine Operating Conditions ' FUEL PINCHER

V8 -8.2T Foderal and California 4087 - 7300 4C65 Injector

3000 rpm
Lubrication System
Lubricating oil pressure kPa (psi): .

NOFIMIA) e e 241-345 (35-50)

Minimum for safe operation ... . ... . 207 (30.0)
*Lubricating oil temperature degr. C. (degr. F.) - max. ... ... ... 110-127 (230-260)
Air System
Air inlet restriction kPa (inches water) - full load max.:

Air cleaner (dirty) ... ORISR 5.0 (20}

Air cleaner (CIean) ... ... 2.5(10)
Crankcase pressure kPa (inches water) - max. ..., 747 (3.0)
Exhaust back pressure kPa (inches mercury) - max.: .

FUIl T0BT oo e e e 10 (3.0)

Fuel System

Fuel pressure at iniet manifold kPa {psi):
Normal with 2.8 mm (110 ") restriction ... 310-483 (45-70)
VMU e 241 (35)

Fuel spill liters per min. {gpm) - minimum at no-load:
2.8 mm (L0 7 restriction o 4,9 (1.3}

Fuel pump suction at pump inlet kPa (inches mercury) - max.:

Clean SysTeIM ., 20 (6)

PPty SYSEOIM 41 (12)
Cooling System )

Caoclant temperature degr. C. (degr. F.) -normal ... SUUTIY 82°-92°C (180°-198°F)

Coolant inlet restriction kPa (in. hg.) - max. ..., 10 (3.0)
Cylinder Leak Down '

Pressure per cylinder at Top Dead Center :
MmUY, . e 48 psi**

*The lubricating oil temperature range is based on the temperature measurement in the oil pan at the oil pump inlet.
When measuring the oil temperature at the cylinder biock oil gallery, it will be 10° lower than the oil pan temperature.

**Use cylinder leakage tester J29006 to determine psi.
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FUEL PINCHER

13.2.1

ENGINE RUN-IN INSTRUCTIONS

Following a complete overhaul or any major repair that
uses replacement piston rings, pistons, or bearings, for
example, the engine should be “Run-In™ on a
dynamometer prior to release for service.

The dynamometer is a device for applying specific loads
1o an engine, to determine if the engine will perform to
published specifications and to permit a physical
inspection for leaks of any kind. It is an excellent
method for detecting improper tune-up, misfiring
injectors, low compression and other malfunctions, and
may save an engine from damage at a later date.

The operating temperature within the engine affects the
operating clearances between the various moving parts
of the engine and determines to a degrec how the parts
will wear.

The rate of water circulation through the engine on a
dynamometer should be sufficient to avoid having the
engine outlet water temperature more than 5.6°C
(10° F) higher than the water inlet temperature. A
5.6° C (10° F) rise across an engine is recommended;
however, a 8.3° C (15° F) temperature rise maximum
can be permitted.

Thermostats are required to control the coolant flow
and to help maintain a constant engine temperature.
Therefore, be sure that they are in place and fully
operative or the engine may overheat during the Run-
In. Furthermore, a deaeration line must be installed in
the uppermost portion of the engine to prevent any
overheat problems during Run-In.

DYNAMOMETER TEST AND RUN-IN PROCEDURES

The Basic Engine

A basic engine includes only those
components actually necessary to run the engine. The
addition of any engine driven accessories will result in
a brake horsepower figure less than the values shown
in the Engine Run-In Check. The following items are
included on the basic engine: fuel pump, water pump
and governor. The fan and battery-charging alternator
typify accessories not considered on the basic engine.

In situations where other than basic engine equipment
is used during the test, a proper record of this fact
should be made on the Engine Test Report. The effects
of this additional equipment on engine performance
should then be considered when evaluating test results.

Dynamomefer .

The function of the dynamometer is to absorb and
measure the engine output. Its basic components are a
frame, engine mounts,. the absorption unit, a heat
exchanger, and a torque loading and measuring device.

The engine is connected through a universal coupling to
the absorption unit. The load on the engine may be
varied from zero to maximum by decreasing or
increasing the resistance in the unit. The amount of
power absorbed in a water brake type dynamometer, as
an example, is governed by the volume of fluid within

the working system. The fluid offers resistance to a
rotating motion. By controlling the volume of water in
the absorption unit, the load may be increased or
decreased as required.

The power absorbed is gemerally measured in torque
(Ib-ft) on a suitable scale. This value for a given engine
speed will show the brake horsepower developed in the
engine by the following formula:

BHP = (T x RPM)/5250
Where:

BHP = brake horsepower
T = torque in Ib-ft
RPM = revolutions per minute

Some dynamometers indicate direct brake horsepower
readings. Therefore, the use of the formula is not
required when using these units,

During the actual operation, all data taken should be
recorded immediately on an Engine Test Report (sce
sample in this section).

Instrumentation

Certain instrumentation is necessary so that data
required to complete the Engine Test Report may be
obtained. The following list contains the minimum
amount of instruments and the proper location of the
fittings on the engine so that the readings represent a
true evaluation of engine conditions.

¢ 1984 General Motors Corp.
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13.2.1 Run-in Instructions

FUEL PINCHER

8.2L ENGINE TEST REPORT

o

Date: Unit Number:
Repair Order Number: Model Number:
Natural or Turbo: Injector Size:
Rated F/L RPM: Max. N/L RPM:
Idle RPM:
A. PRESTART
1. PRIME LUBE OIL 2. PRIME FUEL OIL 3. FILL COOLING
SYSTEM SYSTEM SYSTEM
B. START UP AND IDLE FOR 30 SECONDS. |
_START STOP OIL PRESSURE WATER TEMPERATURE
C. WARM UP — 5 MINUTES START sTOP
RPM MAX. LOAD olL WATER
GOVERNED SPEED 50% PRESSURE TEMPERATURE
1. LUBE OIiL 2. FUEL OIL 3. COOLANT 4. LOOSE
LEAKS LEAKS LEAKS BOLTS
D. RUNIN — 5 MmINUTES START sTOP
RPM MAX. LOAD oL - WATER
GOVERNED SPEED 75% PRESSURE TEMPERATURE
E. RESET GOVERNOR FOR FINAL TEST IF NECESSARY
F. FINALRUN IN — 20 MINUTES START STOP
RPM MAX, LOAD CRANKCASE PRESSURE EXHAUST BACK PRESSURE
GOVERNED SPEED 100% AT F/L AT F/L
LUBE OIL LUBE OIL FUEL OIL TEMPERATURE FUEL OIL PRESSURE
PRESSURE AT F/L TEMPERATURE AT F/L AT F/L AT F/L
WATER TEMPERATURE TURBO BOOST LUBE OIL PRESSURE IDLE
AT F/L PRESSURE AT F/L AT IDLE RPM
REMARKS:
oK Reject Dynamometer Operator Date
Page 2 ¢ 1984 General Motors Corp.



FUEL PINCHER

Run-In Instructions 13.2.1

a. Oil pressure gage installed in one of the engine
main oi} galleries.

b. Water temperature gage installed in the thermostat
housing or water outlet manifold.

c. Adaptor for connecting a pressure gage or water
manometer to the crankcase,

d. Fuel pressure gage at the cylinder head.

In some cases, gages reading in pounds per square inch
are used for determining pressures while standard
characteristics are given in inches of mercury or inches
of water. It is extremely important that the scale of
such a gage be of low range and finely divided if
accuracy is desired. This is especially true of a gage
reading in psi, the reading of which is to be converted to
inches of water. The following conversion factors may
be helpful.

Inches of water = psix 27.7"
Inches of mercury = psi x 2.047

NOTE: Before starting the Run-In or starting the
engine for any reason following an overhaul, it is
of extreme importance to observe the instructions
on Preparation for Starting Engine First Time
in Section 13.1.

Run-in Procedure

The procedure outlined below will follow the order of
the sample Engine Test Report.

PRESTART (Section A)

i. Fil!l the Ilubrication system as outlined under
Lubrication System — Preparation for Starting Engine
First Time in Section 13.1.

2. Prime the fuel system as outlined under Fuel System
— Preparation for Starting Engine First Time in
Section 13.1.

3. A-preliminary valve clearance adjustment must be
made before the engine is started. See Valve Clearance
Adjustment in Section 14.1.

4, A preliminary injector timing check must be made
before starting the engine. See Fuel Injector Timing in
Section 14.2.

5. Preliminary injector rack adjustment must be made
as outlined in Section 14.

6. Preliminary governor adjustments must be made
(Section 14).

NOTE: Prior to starting a turbocharged engine,
make sure that the turbocharger has been
prelubricated by adding oil to the turbocharger
oil inlet or pressurizing the lubrication system.

ENGINE RUN-IN (Section B)

After performing the prestart steps, be sure all test
stand water valves, fuel valves, etc. are open. Also,
inspect the exhaust system, being sure that it is properly
connected to the engine. Always start the engine with
minimum dynamometer resistance.

NOTE: Turbocharged engines should be operated
at idle for at least one minute after starting to
assure oil supply and pressure to the tur-
bocharger bearings.

Set the engine throttle at idle speed, check the
lubricating oil pressure and check all connections to be
sure there are no leaks.

Refer to the Engine Test Report sample which
establishes the sequence of events and specifications for
the Test and Run-In. Also, refer to the Operating
Conditions in Section 13.2 which presents the engine
operating characteristics. These characteristics will be a
guide for tracing faulty operation or lack of power.

Engine governors in most cases must be reset at the
maximum full-load speed designated for the Run-In, If
a governor is encountered which cannot be adjusted to
this speed, remove the governor assembly and repair as
required.

After checking the engine performance at idle speed
and being certain the engine and dynamometer are
operating properly, increase the engine speed to half
speed and apply the load indicated on the Warm-Up - 5
minutes (Section C).

The engine should be run at this speed and load for 5
minutes to allow sufficient time for the coolant
temperature to reach the normal operating range.
Record length of time, speed, brake horsepower, coolant
temperature and lubricating oil pressure on the Engine
Test Report.

Run the engine at each speed and rating for the length
of time indicated in the Engine Run-In Schedule.
During this time, engine performance will improve as
new parts begin to “seat in”. Record all data.

RUN-IN INSPECTION (Section D)

Check for fuel oil or water leaks in the rocker arm
compartment.
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13.2.1 Run-In Instructions

FUEL PINCHER

During the final portion of the Run-In, the engine
should be inspected for fuel oil, lubricating oil and
water leaks.

Upon completion of the Run-In and Inspection, remove
the load from the dynamometer and reduce the engine
speed gradually to idle and then stop the engine.

NOTE: Allow turbocharged engines to idle at
least 3 minutes in order for the turbocharger to
cool and reduce speed before shutdown.

FINAL RUN-IN (Section F)

After all of the tests have been made and the Engine
Test Report is completed through Section “E”, the
engine is ready for final test. This portion of the test
and Run-in procedure will assure the engine owner that
his engine has been rebuilt to deliver factory rated
performance at the same maximum speed and load
which wili be experienced in the installation.

If the engine has been shut down for one hour or longer,
it will be necessary to have a warm-up period of 3
minutes at the same speed and load used for warm-up.
If piston rings or bearings have been replaced as a
result of problems during the warm-up, the entire Run-
In must be repeated as though the Run-In and test
procedure were started anew.

All readings observed during the Final Run-In should
fall within the range specified in the Operating
Conditions in Section 13.2 and should be taken at full
load unless otherwise specified. Following is a brief
discussion of each condition to be observed.

The engine water temperature should be taken during
the last portion of the Run-In at full load. It should be
recorded and should be within the specified range.

The {fubricating oil pressure should be recorded in psi
after being taken at engine speeds indicated in the
Operating Conditions, Section 13.2.

Check the crankcase pressure while the engine is
operating at maximum Run-In speed. Attach a
manometer, calibrated to read in inches of water, to the
oil level dipstick opening. Normally, crankcase pressure
should decrease during the Run-In indicating that new
rings are beginning to “‘seat-in”.

Refer to the Final Engine Run-In Schedule and
determine the maximum rated brake horsepower and
the fuli-load speed to be used during the Final Run-In.
Apply the load thus determined to the dynamometer.
The engine should be run at this speed and load for 5
minutes. While making the Final Run-In, the engine
should develop the maximum rated brake horsepower
indicated for the speed at which it is operating. If this
brake horsepower is not developed, the cause should be
determined and corrections made.

When the above conditions have been met, adjust the
maximum ne-ioad speed to conform with that specified
for the particular engine. This speed may be either
higher or lower than the maximum speed used during
the Run-In. This will ordinarily require a governor
adjustment.

All information required in Section “F”, Final Run-In,
of the Engine Test Report should be determined and
filled in. After the prescribed time for the Final Run-In
has elapsed, remove the load from the dynamometer
and reduce the engine speed gradually to idle speed and
then stop the engine. The Final Run-In is complete.

F. INSPECTION AFTER FINAL RUN-IN

After the Final Run-In and before the Engine Test
Report is completed, a final inspection must be made.
This inspection will provide final assurance that the
engine is in proper working order. During this
inspection, the engine is also made ready for any brief
delay in delivery or installation which may occur. This
is accomplished by rustproofing the fuel system as
outlined in Section 15.3 and adding a tust inhibitor into
the cooling system (refer to Section 13.3). The
lubricating oil filters should also be changed.
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FUEL PINCHER

13.3

FUEL OILS FOR DETROIT DIESEL ENGINES

GENERAL CONSIDERATIONS
The quality of fuel oil used for high-speed diesel engine
operation is a very important factor in obtaining satisfac-
tory engine performance, long engine life, and accept-
able exhaust emission levels,

COMPLETELY DISTILLED FLUID

Fue! selected should be completely distilled material.
That is, the fuel should show at least 98% by volume
recovery when subjected to ASTM D-86 distillation.
Fuels markeled toc meet Federal Specification VV-F-800
(grades DF-1 and DF-2) and ASTM Designation D-975
{grades 1-D and 2-D) meet the completely distilled
criteria. The differences in properties of VV-F-800 and
ASTM D-975 fuels are shown in the following table,

FEDERAL SPECIFICATION & ASTM
DIESEL FUEL PROPERTIES

Spacification o W-F- | asTm | VV-F-800, DF-2 | agry
Cisssification Grade 800 0-975 NORTH 0-975
DF-1 1-0 AMEAIGA | OTHER 20
Flash Point, min 38°C agec 529C 56°C 52°C
100°F 100°F 125°F 133°F 125°F
Carbon Residue (10% 0.15 0.15 0.35 0.20 0.38
residuum), mass % max.
Water & Sediment, % by - 0.05 — — 0.05
vol, max.
Ash, % by wt., max. 0.01 0.0 0.01 0.02 0.01
Distillation Temperature,
90% by vol. recovery, min, - —_ — — 289°(C
540°F

max. | 288°C 288°C 338°C 357°C 338°C
550°F 550°F 640°F 675°F 640°F

End Point max. | 330°C - 370°C 370°C —
626°F B98°F 698°F
Viscosity
Kinematic, c§!, min. @ 40°C | 1.3 1.3 1.9 [18@20°C| 1.9
Saybolt, SUS, min. @ 190°F { — — - — 2.6
Kinematic, cSt, max. @ 40°C| 2.9 2.4 4.1 95@20°C| 4.1
Saybolt, 5US, max. @ 100°F -— 34.4 - — 40.1
Sulfur, mass % max. 0.50 0.50 0.50 6.70 0.50
Cetane No.. min. 45 40.0 45 45 40.0

FUEL CLEANLINESS

Fuel oil should be ciean and free of contamination.
Storage tanks and stored fuel should be inspected
regularly for dirt, water or water-emuision sludge, and
cleaned if contaminated. Storage instability of the fuel
can lead to the formation of varnish or sludge in the tank.
The presence of these contaminants from storage in-
stability must be resolved with the fuel supplier.

FUEL SULFUR CONTENT
The suifur content of the fuel should be as low as possible
to avoid premature wear, excessive deposit formation, and

minimize the sulfur dioxide exhausted into the atmosphere.
Limited amounts can be tolerated, but the amount of sulfur
in the fuel and engine operating conditions can influence
corrosion and deposit formation tendencies.

The detrimental effect of burning high sulfur fuel is reflected
in Detroit Diesel lube oil change interval recommendations.
Detroit Diesel recommends that the Total Base Number
(TBN-ASTM D-864) of the lube oil be monitored frequently
and that the oil drain interval pessibly be reduced. Consult
the FUEL OIL SELECTION CHART.

FUEL OIL SELECTION CHART

Final
Genoral Fuel Boiling | Cetans | Sulfur | Cloud
Appfication Clagsification Point | Number | Content |  Point
(Max.) | (Min.} | (Max.)
City Buses No. 1-D 550°F 45 0.30
288°C
SEE
Winter No. 2-0* | 675°F 45 0.50 NOTES
357°C
Summer No, 2-D* [ 357°C 40 0.50
All Other Winter No. 2-D B675°F 45 0.50
Applications 357°C
SEE
Summer No. 2-D | B75°F 40 0.50 NOTES
L 357°C

*No. 2-D diesel fuel may be used in city coach engine models that

have been certified to pass Federal and California emission standards.

Note 1: The cloud point should be 10°F (6°C) below the lowest ex-
pected fuel temperature to prevent clogging of the fuel filters
by wax crystals.

Note 2. When prolonged idling periods or cold weather conditions
below 32¢F (0°C) are encountered, the use of lighter distillate
{fuels may be more practical. The same consideration must be
made when operating at altitudes above 5,000 ft.

IGNITION QUALITY - CETANE NUMBER

There is a delay between the time the fuel is injected into
the cylinder and the time that ignition occurs. The dura-
tion of this delay is expressed in terms of cetane number
(rating). Rapidly ignited fuels have high cetane numbers
(50 or above). Slowly ignited fuels have low cetane
numbers (40 or below). The lower the ambient tempera-
ture, the greater the need for a high cetane fuel that will
ignite rapidly.

Difficult starting may be experienced if the cetane
number of the fuel is too low. Furthermore, engine knock
and puffs of white smoke may be experienced during
engine warmup especially in severe cold weather when
operating with a low cetane fuel. If this condition is allow-
ed to continue for any prolonged period, harmful fuel
derived deposits will accumulate within the combustion
chamber. Consult the FUEL OIL SELECTION CHART.

© 1983 General Motors Corp.

September, 1983 SEC. 13.2 Page 1



13.3 Fuel qnd Qil Specifications

FUEL PINCHER

DISTILLATION END POINT

Fuel can be burned in an engine only after it has been
vaporized. The temperature at which fuel is completely
vaporized is described as the distiliation end point {ASTM
D-86). The distillation (boiling) range of diesel fuels
should be low enough to permit complete vaparization at
combustion chamber temperatures. The combustion
charnber temperature depends on ambient temperature,
engine speed, and lvad. Mediocre to poor vaporization is
more apt to occur during severe cold weather and/or
prolonged engine idling and/or light load operation,
Therefore, engines will show better performance opera-
ting under the conditions described above when lower
distillation end point fuels are used. Consult the FUEL OIL
SELECTION CHART.

CLOUD POINT
The cloud point is that temperature at which wax
crystals begin to form in diesel fuel. The selection of a
suitable fuel for low temperature operability is the
respensibility of the fuel supplier and the engine user.
Consult the FUEL QIL SELECTION CHART.

DETROIT DIESEL FUEL OIL SPECIFICATIONS

Detroit Diesel Allison designs, develops and manufac-
tures commercial diesel engines to operate on diesel fuels
classified by the ASTM as Designation D-875 (grades 1-D
and 2-D). These grades are very similar to grades DF-1
and DF-2 of Federal Specification VV-F-8Q0.

Burner fuels (furnace oils or domestic heating fueis)
generally require an open flame for satisfactory combus-
tion. The ignition quality (cetane rating} of burner fuels
(ASTM D-396) is poor when compared to diesel {uels
(ASTM D-975).

In some regions, however, fuel suppliers may distribute
one fiuid that is marketed as either diese! fuel (ASTM
D-975) or domestic heating fuel (ASTM D-396) some-
times identified as burner, furnace, or residual fuel.
Under these circumstances, the fuel should be investiga-
ted to determine whether the properties conform with
those indicated in the FUEL OiL SELECTION CHART.

The FUEL QOIL SELECTION CHART also will serve as a
guide in the selection of the proper fuel for various ap-
plications. The fuels used must be clean, completely
distilled, stable, and non-corrosive. Distilfation Range,
Cetane Number, Sultur Content, and Cloud Point are four
of the most important properties of diesel fuels that must
be controlled to insure satisfactory engine operation.
Engine speed, load, and ambient temperature all in-

fluence the selection of diesel fuels with respect to
distillation range and cetane number.

All diesel fuels contain a certain amount of sulfur. Too
high a sulfur content results in excessive cylinder wear.
For most satisfactory engine life, fuels containing less
than 0.5% sulfur should be used.

During cold weather engine operation the cloud point
(the temperature at which wax crystals begin 1o form in
diesel fuel} should be 10°F (6°C) below the lowest ex-
pected fuel temperature in order to prevent clogging of
the tuel filters by wax crystals.

A reputable fuel oil supplier is the only one who can
assure you that the fuel you receive meets the Distilla-
tion End Point, Cetane Number, Sulfur Content, and
Cloud Point property limits shown in the FUEL OIL
SELECTION CHART. The responsibility for clean fuel
that meets Detroit Diesel Allison specifications lies with
the fuel supplier as weli as the operator.

At temperatures below + 32°F (0°C) particular attention
must be given to cold weather starting aids for efficient
engine starting and operation.

NUMEROUS FUELS BURNED
IN DETROIT DIESEL ENGINES

Numerous fuels meeting the properties shown in the
FUEL OIL SELECTION CHART may be used in Detroit
Diesel engines. The table {next page) shows some of the
alternate fuels (some with sulfur and/or cetane limits)
that have been burned in Detroit Diesel engines. Among
these are No. 1 and No. 2 diesel fuels, kerosene, aviation
turbine (jet) fuels, and burner fuels.

PROPOSED ASTM D-975, GRADE 3-D

Detroit Diesel Aliison does NOT recommend the use of
proposed grade 3-D diesel fuel in any of its engines. This
grade of fuel was proposed, but not accepted by, the ASTM.

The grade 3-D which was proposed is undesireable in
that it possesses poor ignition quality (i.e., lower cetane),
allows greater sulfur content (up to 0.70% by weight),
allows the formation of more carbon deposits (Conrad-
son carbon residue), and allows the blending of heavier,
more viscous beiling point fractions that are difficult to
burn. The latter tend to increase combustion chamber
deposits. This type of fuel usually manifests poor cold

Page 2
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FUELS BURNED IN DETROIT DIESEL ENGINES

ASTM
Deslg- | Federal | Mitary | NATO
natlon | Standard Spec. Code |Grade| Description/Comments

D-975 Dieset Fuel

D-396

RN P
B R
n | D0

Burner Fuel

(Furnace Qil)

Caution: If Used,

The Max. Sultur

Content Allowed is
.50 WT. % and the

Minimum Cetane No,

Is 45, (See Fuel OIf
Selectlion Chart)

VV-F-800 F-54 1,2 | DF-1 Winter Grade,
DF-2 Regular Grade
DF-A (Arctic Grade).
Limited Supply

For Military.
MIL-T-5624 JP-5 | Kerpsene

VV-F-B00 F-56

COMPARISON OF ASTM D-975
GRADE 2-D AND PROPOSED GRADE 3-D PROPERTIES

Grade

Not

Property 2-0 3-D
Cetane No., Min. 40.0 370
Suitur, WT. %, Max. 0.50 0.78

Carbon Residue On
10% Residuum, %, Max. 0.35 0.40

viscosity @ 40° Celsius, Centisiokes 1.9-41 20-70

Distlilation
deg. Celsius {Fahrenheit}
90% Recovery, Max. 338 {640) 360 (680)

D-16855 MIL-T-83433 | F-34 | JP-B | Jet A-1, Kerosene Type|
Plus Special Anti-lcer

D-1655 F-35 Jet A, Kerosene

MIL-F-16884 | F-76 { DFM { Diesel Fuel -
Marine {DFM).
Caution; if Used,
The Max. Sulfur
Contant Allowed Is
0.50 WT. %,
MILF-5161 JP-6 | Referee Grade JP-5

Type Jet Fuel. Limited
Quantities Supplied To

Military Only.

weather properties (wax formation tendencies). In addi-
tion, the poor ignition quality adversely affects noise and
emission levels.

A comparison of ASTM D-875 grade 2-D and the proposed
grade 3-D fuel properties is shown in the following table.

USING DRAINED LUBE OIL
IN DIESEL FUEL

Detroit. Diesel Allison does not recommend the use of
drained lubricating oil in diesel fuel. Furthermore, Deiroit
Diesel Allison will not be responsible for any detrimental
effects which it determines resulted from this practice.

BURNING MIXTURES OF DIESOHOL
AND GASOHOL AND/OR ADDING ALCOHOL

AND/OR GASOLINE TO DIESEL FUEL
Very small amounts of isopropyl alcohol {isopropanol}
may be used to preciude fuel line freeze-up in winter
menths. No more than ONE PINT of isopropyl alcohol
should be added to 125 GALLONS of diesel fuel for ade-
quate protection.

Commercially marketed DIESCHOL or GASOHOL or
GASOLINE should never be added to diesel fuel. An ex-

plosive and fire hazard exists if these blends are mixed
and/or burned.

STATEMENT OF POLICY ON FUEL AND
LUBRICANT ADDITIVES
In answer to requests conceming the use of fuel and
lubricating oil additives, the following excerpt has been taken
from a policy statement of General Motors Corporation:

“It has been and continues to be Genegral Molors
policy to build motor vehicles that will operate
satisfactorily on the commercial fuels and lubricants
of good gquality regularly provided by the petroleum
industry through retail outlets. It is accordingly con-
trary to the policy of General Motors to recommend
the reguiar and continued use of supplementary ad-
ditives in fuels and lubricants.”’

Therefore, Detroit Diesel Allison does not recommend
the use of any supplementary fuel or lubricant additives.
These include all products marketed as fuel condi-
tioners, smoke suppressants, masking agents,
reodorants, tune-up compounds, top oils, break-in oils,
graphitizers, and friction-reducing compounds.

NOTICE: The manufacturer’'s warranty applicable to
Detroit Diesel engines provides in part that the provisions
of such warranty shall not apply to any engine unit which
has been subject to misuse, negligence or accident. Ac-
cordingly, malfunctions attributable to neglect or failure to
follow the manufacturer's fuel or lubricating recommen-
dations may not be within the coverage of the warranty.’

© 1983 General Motors Corp.

March, 1983 SEC. 13.3 Page 3



13.3

FUEL PINCHER

LUBRICATING OILS FOR DETROIT DIESEL ENGINES

GENERAL CONSIDERATIONS
All diesel engines require heavy-duty lubricating oils.
Basic requirements of such oils are lubricating guality,
high heat resistance, and control of contaminanis.

LUBRICATING QUALITY. The reduction of friction and
wear by maintaining an oii film between moving parts is
the primary requisite of a lubricant. Film thickness and
its ability to prevent metal-to-metal contact of moving
parts is related to oit viscosity. The optimums for Detroi
Diesel engines are SAE 40 or 30 weight.

HIGH HEAT RESISTANCE. Temperature is the most
important factor in determining the rate at which deterio-
ration or oxidation of the lubricating oit will occur. The oil
should have adequate thermal stability at elevated tem-
peratures, thereby precluding formation of harmiul car-
bonaceous and/or ash deposits. -

CONTROL OF CONTAMINANTS. The piston and cormn-
pression rings must ride on a film of oil to minimize wear
and prevent cylinder seizure. At normal rates of con-
sumption, oil reaches a temperature zone at the upper
part of the pistan where rapid oxidation and carboniza-
tion can-occur. In addition, as oil circulates through the
engine, it is continuously contaminated by soot, acids,
and water originating from combustion. Until they are ex-
hausted, detergent and dispersant additives aid in keep-
ing sludge and varnish from depositing on engine parts,
But such additives in excessive guantities can result in
detrimental ash deposits. If abnofrmal amounts of insolu-
ble deposits farm, particularly an the piston in the com-
pression ring area, early engine failure may resuit.

Qil that is carried up the cylinder liner wall is normally
consumed during engine operation. The oil and additives
leave carbonaceous and/or ash deposits when sub-
jected to the elevaied temperatures of the combustion
chamber. The amount of deposits is influenced by the oil
composition, additive content, engine temperature, and
oil consumption rate.

QIL QUALITY is the responsibility of the oil supplier.
(The term ‘oil supplier” is applicable to refiners,
btenders, and rebranders of petroleum products). Qil
quality can also be affected by handling cleanliness,
contamination, dirt, water, etc.

There are hundreds of commercial crankcase oils
marketed today. Obviously, engine manufacturers or
users cannot completely evaluate the numercus commer-
cial oils. The selection of a suitable lubricant in consulta-
tion with a reliable oil supplier, cbservance of his oil drain
recommendations (based on used oil sample analysis and
experience), and proper filter maintenance will provide
the best assurance of satisfactory oil performance.

It should be noted that lube oil manufacturers may refor-
mulate an oil while maintaining the same API classifica-
tion, or may reformulate to a new API classification and
continue the brand name designation. For example, SE
oils being reformulated to SF letter code classification
may perform differently after this reformulation. A close
working relationship with the lube oil manufacturer
should be maintained so that any reformulation can be
reviewed and a decision made as to its effect on con-
tinued satisfactory performance.

COLD WEATHER OPERATION

Two important considerations relate to satisfactory
operation under cold ambient temperature conditions.
These are: (1) the ability to ¢crank the engine fast enough
to secure starting, and (2) providing adequate lubrication
tointernal wearing surfaces during starting and warm-up.
Once started and warmed up, external ambient tempera-
fures have littie effect on internal engine teMmperatures.
Both cold weather considerations can be adequately met
through proper lube oil selection and the use of auxiliary
heat prior to starting. Auxiliary heat can be used in the
form of jacket water and oil pan heaters, hot alr space
heaters applied to engine compartments, or some combi-
nation of these.

Proper cil selection and oil heat can assure fubricant
flow immediately upon starting, Improper oil selection
and oil heat may result in starting with cold oil congealed
in the oil pan, and little or no oil flow for lubricating inter-
nal parts once the engine has started.

Proper oil selecticn and jacket water heating can assure
cranking capability by maintaining an oil film on cylinder
walls and bearing surfaces in a condition which provides
low friction, and hence, less cranking efiort 1o achieve
cranking speeds necessary for reliable starting. Im-
proper oil selection and jacket water heating may result
in congealed-oil films on cylinder walls and bearing sur-
faces, which resuit in high friction loads and more crank-
ing effort than is available, thus preventing sufficient
cranking speeds 1o assure reliable starting.

Page 4
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LUBE OIL SPECIFICATIONS

API PERFORMANCE DESIGNATIONS, LUBE SUPPLIER,
AND BRAND NAMES

Lubricants are blended to meet specific industry ac-
cepted tests developed by the American Society for
Testing and Materials (ASTM). The service for which
these products are intended is defined by the American
Petroleum Institute (APl). The lube supplier markets
these products under a specific brand or trade name.
The container identification indicates whether the con-
ienis meet or exceed specific API letter code designa-
tions (example: SF, CD).

RECOMMENDATION

Lubricating oils that meet the following performance
levels, viscosity grades, sulfated ash limits and zinc re-
quirements are recommended for Detroit Digsel
engines. |t is also recommended that the oil supplier pro-
vide to the user evidence of satisfactory performance of
his products in Detroit Diesel engines.

LUBE OIL PERFORMANCE LEVELS

Lubricants are formulated to meet all the performance
criteria defined in either commercial (AP1) and/or military
specifications. Table L-1 shows the current commercial
industry and military oil performance levels. The API let-
ter designations are defined in SAE recommended prac-
tice J-183 published in the SAE Handbook.

Specific oil performance level recommendations for
Detroit Diesel engines are indicated|in Table L-1.

TABLE L1
LUBE OIL PERFORMANCE LEVELS

VISCOSITY GRADES

Table L-2 shows the viscosity grade selection chart for
Detroit Diesel 4-cycle, 8.2 liter engines. Various multi-
grades having numerous oil performance levels are ac-
ceptable as shown. Single grade SAE-30 may be used
when ambient temperatures are above 50°F (10°C).

TABLE L-2 -
VISCOSITY — SAE GRADE SELECTION CHART
ENGINE SERIES
ws ] e, 8.2
ambiant 2-CYCLE 2-CYCLE 4-CYCLE

Fiest | Secopd | Firsi ) Second | Third | First ; Second | Third ) Foutth

GCOMPARABLE RECOMMENDED| COMMENTS & CURRENT)|

AP\ PERFORMANCE MILITARY FOR USE IN API OR MILITARY
DESIGNATION SPECIFICATIDN DDA ENGINES | QUALIFICATION STATUS
NE
CEREL, GABOUNE 2-CYCLE [4-CYCLE
CB - MIL-L-2104A YES NO Obsoleta, still limited
{Supplement 1) availability.
cc — MIL-L-Z1048 YES NO Qbsolate. stitt readily
available.
cD — MIL-L-45199B YES NO Stilt Fimited availability.
{Series 3)
cC SE MIL-L-46152 YES YES | Obsolste Dies¢l pertorm-
ance, interided for pas-
sanges cars buraing
gasoline.
cc SF NONE YES | YES | Primarily for passenger
cars burning gasoline,
co SC MiL-(-2104C YES | YES | Current spec. for haavy

duty diesel powered
military vehicles, accept-
able for commercial
diesel powared vehicles.

co SE YES | YES | Diesel performance re-

uitaments are current,

soline fyeled passen-

ger cars perfornance re-
quirements are obsolete.
ch SF YES | YES | Meet currant diesel &
gasoline performance re-
quirements.

— SF NOD YES | Service station lubes.

Fahr. Celsius | mw

SAE SAE SAE SAE
40 30 40 30 None |15W-40 | 10W-40 | 20W-40 | 30

X
“E

=3

SAE SAE SAE SAE - - -
{40} 30 (40) n None | 15W-40 1 10W-40Q | 20W-4Q | None
» »

SAE | SAE | SAE | BAE N .
(40) | (A0) | (40} | (30) | TSW-40 |(15W-40)] 10W-40 (20W-40)( None

- O ——

SAE |.SAE | SAE | SAE
(40) | €30) | (400 | (30) |{15W-403[(15W-40) j(10W-40) {20W-40) | Mone

-

=32

|
T R O e S e

Numbers in paraniheses indicate that starting aids are required.

*

Usually unaided starts tan ba accomplished.

SAE 50 grade lube oil i3 recommanded it the top 1ank codant temparaturs is 195°F or above.
{CAUTION: Do not usa SAE-50 grade lubs oil wiien or whera cold ambisnt tamperatures prevail.)

3
*

OIL CHANGES

CONDITION A: THE SULFUR CONTENT OF THE
DIESEL FUEL IS LESS THAN 0.50% BY WEIGHT

Table L-3 shows the initial il drain intervals recommend-
ed for all Detroit Diesel engines. Oil drain intervals may
be increased or decreased depending upon the condi-
tion of the lubricant. Used lube oil analysis guidelines, in-
dicating contamination limits, are shown elsewhere in
Table L-4. DDA recommends that if the total base
number (TBN by ASTM D-664) is reduced to 1.0 or if the
TBN (ASTM-2896) is reduced to 2.0, the oil should be
drained immediately.

© 1983 General Motors Corp.
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CONDITION B: THE SULFUR CONTENT OF THE
DIESEL FUEL IS GREATER THAN 0.50% BY WEIGHT

The detrimental effects of burning high_ sulfur fuel are
known in industry. The use of high sulfur diesel fuel may
be unavcidable in some locations.

The use of high TBN/ash oils (TBN greater than 10, ash
up to 2.500% by welght) is recommended to counteract
corrosion.

The trend manifested by extremely high TBN oils (TBN
greater than 20/ash between 2.000 t¢ 2.500% by weight)
is to drop several TBN numbers and then level off. The
condition of the used oil under these circumstances is
that it has retained some alkaline reserve (neutralization
power) but will become overloaded with suspended solids
that tend to become inscluble, resulting in the formation
of excessive engine deposits. Therefore, when using high
TBN/ash oils, a rule of thumb for oil change intervals is to
drain the oil when the TBN drops to one-half of the new oil
TBN. Since lubricant composition varies from brand to
brand the time and rate of TBN reduction will vary. These
differences manifested by the various high TBN/ash oils
will influence the drain interval.

TABLE L-3

RECOMMENDED LUBE OIL DRAIN AND FULL-FLOW FILTER
CHANGE INTERVALS WHEN BURNING LOW SULFUR DIESEL FUELS
{0.5% BY WT. OR LESS)"

ENGIKE ENGINE LUBE DIL FILYER
SERVICE APPLICATION SERIES DESIGN  DRAIN INTERVAL®* CHANGE INTERVAL
Hwy. Truck & fnter- 71892 2-Cycle 20,000 Miles 20,000 Mites
City Buses B.2L  4-Cycle 6,000 Miles 6,000 Miles
City Transit Coaches 53, 71, 92 2-Cycle 12,000 Miles 12,000 Miles
& Pick-Up & Delivery  8.2L 4-Cycle 6,009 Miles 6,000 Miles
Truck Service {Stop-
and-Go) Short Distance
tndustrial & Marine 53, 71, 92 2-Cycle 150 Hours 150 Hours
8.2L 4-Cycle 150 Hours 150 Hours

Large Industrial & 144 (NA) 2-Cycle 500 Hrs. or One ¥r. 500 Hrs. or One ¥r.

Marine 149 (T}  2-Cycle 300 Hrs. or One ¥Yr. 300 Hrs. or One Yr.
Stationacy 83, 71,92 2-Cycle 150 Hrs. or One ¥5. 150 Hrs. or One Yr.

(Stand-By) Engines 149 2-Cycle 150 Hrs. or One Yr. 150 Hrs. or Ong Yr.
82l 4-Gycle 150 Hrs, or One ¥r. 150 Hrs. or One Yr.

Generator Sets
{Prime Power)

53, 71,92 2-Cycle 500 Hrs. or One Mo. 500 Hrs. or One Mo,

*  See sections indicaving Deteoiv Cresal's fecommendations when burning nign suitur content
(0.5% by Wt. or more} diesel fugls.

* % May be or decreasad, ing on the results obtained from used lube oil analysis.

FULL-FLOW FILTER CHANGE PERIOD

Table L-3 shows the DDA recommended full-flow filter
change period for the various service applications. The

filter element should be changed at the same time the
crankcase oil is drained. Filter life is affected by heat and
vibration in addition to contaminant filtration. Filter change
should not exceed 25,000 miles/500 hours maximurm.

TABLE L-4

USED LUBE OIL ANALYSIS GUIDELINES

These values indicate the need for an Immediate cil change, but do not
necessarily indicate internal engine probtems requiring engine téardown.
Characterlstics relating to lube oil dilution should trigger corrective ac-
tion to identify and fix the source{s) of leaks, if these values are realized.

ENBGINE SERIES

2-LYCLE  2-CYCLE  Z-CYCLE  2-CYCLE  4-CYCLE
Sories 149 Serles 92  Serkes 71 Serlas 53 Sedes 8.2),

ASTH
WARNING LIMITS
Pemane Insolubles. Wi, % 0-893 1.00 1.00 1.00 1.0 1.00
Carbon (Soat) Contert -
W % Max,  T6at .80 0.80 0.80 .80 2.00
Viscosily al $00°F, SUS D-445
& 0-2164
% Max. Increase 40.0 40.0 40.0 40.0 40.0
%% Max. Decrease 15.0 5.0 15.0 15.0 15.0
Total Base Mumber
(TBN), Min, D-664 +.00 1.00 1.00 1.00 1.00
Tola! Base Number
(TBN), Min. {-2896 2.00 2.00 2.00 2.0 2.00
Viales Content {Diluvion),
Vol %. Max. D-85 0.30 0.30 0.30 0.30 0.30
Flash Point, °F,
Max. Reduction 0-92 40.0 40.0 40.0 40.0 40.0
Fuet Ditution, Vol. %, Max. _ 1.00 2.50 2.50 2.50 2.

Glycol Gilution, PPM., Max. D-2982 1000.00 1000.00 1000.00 1000.00  1000.00

Iron Corfent, PPM., Max. t 35 150 150 L 10 250

Sodium Content, PPM
Max. Allowed Over ¥
tube ON Basaling 50 0 50 50 50

Boron Content, PPM..
Max. Allowed Ovar 4
Luba Oil Basaline 20 0 20 20 20

t TGA = Thermogravimstsic analysis used and recommended by Detroil Diesel. No ASTM pro-
cedure designation.
t Elemental an2lyses are condl using eithar emission spactograghic or atomic absorption
instrumants. Neither method has ASTM designation.

FREQUENCY OF LUBE OIL SAMPLES FOR ANALYSIS

The interval at which used lube oil samples may be ob-
tained for analysis can be scheduled for the same period
as when other preventative maintenance is conducted.
For example, in highway truck applications, a sample
may be obtained every 10,000 miles when engines are
brought in for fuel and coolant filter replacement.
(Reference instructions in Detroit Diesel Engine Service
Manuals},

USED LUBE OIL ANALYSIS PROGRAM

A used lube oil analysis program is recommer!dqd for
monitoring the condition of the crankcase oil in all .
engines.

Page 6
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Primarily, used lube oil analyses indicate the condition of
the oil but not necessarily the condition of the engine.
Never tear down an engine based solely on the analysis
results obtained from a single used cil sample. However,
the condition of the engine should be investigated using
conventional mechanical andfor electronic diagnostic in-
struments. Frequently, visual inspections are all that is
required to detect problem areas related to engine wear.
It is also prudent to obtain another ojl sample from the
suspected distressed unit for analysis.

Abnormal concentrations of some contaminants such as
diesel fuel, coolant, road salt, or airborne dirt cannot be
tolerated for prolonged periods. Their presence will be
reflected in accelerated engine wear, which can result in
less than optimum engine life. The oil should be changed
immediately if any contamination is present in concen-
trations exceeding the warning limits shown in Table L-4.

Experience in specific engine applications operating
specific mode! engines is a prerequisite for proper inter-
pretation of laboratory used lube oil sample analysis
results. It is imperative to remember, in scrutinizing
faboratory used lube oit sample resuits, that it is the
change in value or deviation from baseline data obtained
from the new oil (same brand or mixture of brands) that
is significant. This is especially important to remember in
investigations such as wear metal analysis, total base
number and viscosity determinations.

SULFATED ASH LIMIT
There are no sulfated ash limits imposed on lubricants
used in Detroit Diesel 4-cycle engines.

ZINC CONTENT

The zinc content (zinc diorganodithiophosphate) of all
low ash {less than 1,000% by weight) lube oils recom-
mended for use in Detroit Diesel 2-cycle and 4-cycle
engines shall be a minimum of 0.07 % by weight. EMD
oils are not recommended for use in Detroit Diesel
4-cycle engines where ambient temperatures are below
50°F (10°C).

Some specific high ash oils (2.500% by weight max-
imum) do not contain zinc additives. These oils may be
used where diesel fuels with greater than 0.50% by
weight sulfur content are continuously used.

MIL-L-48167 ARCTIC LUBE GILS FOR
NORTH SLOPE AND OTHER
EXTREME SUB-ZERO QPERATIONS

Lubricants meeting this specification are used in Alaska
and other extreme sub-zero locations. Generally, they

may be described as 5W-20 multigrade lubricants made
up of synthetic base stock and manifesting low volatility
characteristics. Although they have been used success-
fully in some severe cold regions, Detroit Diesel Allison
does not consider their use as desirable as the use of
SAE-40 or SAE-30 oils with auxiliary heating aids. For
this reason, they should be considered only where
engine cranking is a severe problem and auxiliary
heating aids are not available on the engine.

SYNTHETIC OILS

Synthetic lubricants may be used in Fuel Pincher
engines provided the specified oil performance levels
shown under RECOMMENDATION are met.

MISCELLANEOUS FUEL AND
LUBRICANT INFORMATION

ENGINE OIL CLASSIFICATION SYSTEM

The American Petroleum Institute (API), the Society of
Automotive Engineers (SAE), and the American Society
for Testing and Materials (ASTM} jointly have developed
the present commercial system for designating and
identifying motor oil classifications. The table in this sec-
tion shows a cross-reference Of current commercial and
military lube oil identification and specification systems.

CROSS-REFERENCE OF LUBE O!L CLASSIFICATION SYSTEM

API
CODE COMPARABLE MILITARY OR
LETTERS COMMERCIAL INDUSTRY SPECIFICATION

CA MIL-L-2104A

CB Supplement 1

cC MIL-L-2104B (See Note Below)
cD MIL-L-451998B (Series 3)

1 MIL-L-46152 {Supersedes MIL-L-2104B Military Oniy}

O MIL-L-2104C (Supersedes MIL-L-451998 for Military Only)
5A None

5B None

SC Auto Passenger Car 1964 MS Oils - Cbsolete System
sD Auto Passenger Car 1968 MS Oils - Obsolete System
SE Autc Passenger Car 1972 MS Oils - Obsolete System
SF Auto Passenger Car 1980 Production

1 Qil performance meets or exceeds that of CC and SE oils.
O Oil performance meets or exceeds that of CD and SC oils.

NOTE: MIL-L-2104B lubricants are obsolete for military service ap-
plications only.
MIL-L-21048 lubricants are currently marketed and readily
available for commercial use.

Consult the following publications for complete descriptions:
1. Sagiety of Automotive Engineers (SAE) Technical Report J-183a.
2. Federal Test Method Standard 791a.

© 1983 General Motors Corp.
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PUBLICATION AVAILABLE SHOWING
COMMERCIAL “BRAND” NAME LUBRICANTS

A list of “*brand’’ name lubricants distributed by the ma-
jority of worldwide oil suppliers can be purchased from
the Engine Manufacturers Association {EMA). The
publication is titled EMA Lubricating Oils Data Book for
Heavy-Duty Automotive and Industrial Engines. The
publication shows the brand names, oil performance
levels, viscosity grades, and sulfated ash contents of
most “‘brands’ marketed.

ENGINE MANUFACTURERS ASSOCIATION
111 EAST WACKER DRIVE
CHICAGO, ILLINQIS 60601

Upon request, the Detroit Diesel Allison Regional Office
will counse! with customers in selecting a lubricating oil
that wiil be suitable for their specific needs.

STATEMENT OF POLICY ON FUEL AND
LUBRICANT ADDITIVES
In answer o requests concerning the use of fuel and
lubricating cil additives, the foliowing excerpt has been taken
from a policy statement of General Motors Corporation:

"It has been and continues to be General Motors
policy to build motor vehicles that will operate
satistactorily on the commercial fuefs and lubricants
of good quality regularly provided by the petroleum
industry through retail outlets. It is accordingly con-
trary to the policy of General Motors to recommend
the regular and continued use of supplementary ad-
ditives in fuels and lubricants.’’

Therefore, Detroit Diesel Allison does not recommend
the use of any suppiementary fuel or lubricant additives.
These include all products marketed as fuel condi-
tioners, smoke suppressants, masking agents,
reodorants, tune-up compounds, 1op oils, break-in oils,
graphitizers, and friction-reducing compounds.

NOTICE: The manufacturer's warranty applicable 1o
Detroit Diese! engines provides in part that the provisions
of such warranty shall not apply to any engine unit which
has been subject to misuse, negligence or accident. Ac-
cordingly, malfunctions attributable to neglect or failure to
follow the manufacturer’s fuel ar lubricating recommen-
dations may not be within the coverage of the warranty.

Page 8
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13.3

COOLANT SPECIFICATIONS

The coolant provides a medium for heat transfer and
controls the internal temperature of the engine during
operation. In an engine having proper coolant flow, the
heat of combustion is conveyed through the cylinder
walls and the cylinder head into the coolant. Without
adequate coolant, normal heat transfer cannot take
place within the engine, and engine temperature rapidly
rises. In general, water containing various materials in
solution is used for this purpose.

COOLANT REQUIREMENTS

Coolant solutions used in Detroit Diesel engines must
meet the following basic requirements:

1. Provide for adequate heat transfer,

2. Provide a corrosion-resistant environment within the
cooling system.

3. Prevent formation of scale or sludge deposits in the
cooling system.

4. Be compatible with the cooling system hose and seal
materials.

5. Provide adequate freeze protection during cold
weather operation and boil-over protection in hot
weather.

The first four requirements are satisfied by combining a
suitable water with reliable inhibitors. When freeze
protection is required, a solution of suitable water and
an antifreeze containing adequate inhibitors will provide
a satisfactory coolant. Ethylene glycol-based antifreeze
solutions are recommended for year-round use in
Detroit Diesel engines.

WATER

Whether of drinking quality or not, any water will
produce a corrosive environment in the cooling system,
and the mineral content may permit scale deposits to
form on internal cooling system surfaces, Therefore,
water selected as a coolant must be properly treated
with inhibitors to control corrosion and scale deposition.

To determine if a particular water is suitable for use as
a coolant when properly inhibited, the following

characteristics must be considered: the concentration of
chlorides and sulfates, total hardness and dissolved
solids.

Chilorides and/or sulfates tend to accelerate corrosion,
while hardness (percentage of magnesium and calcium
salts broadly classified as carbonates) causes deposits of
scale. Total dissolved solids may cause scale deposits,
sludge deposits, corrosion or a combination of these.
Chlorides, sulfates, magnesium and calcium are among

PARTS PER GRAINS PER
MILLION GALLON

Chlorides {Maximurm) 40 2.5

Sultates {Maximum} 100 58

Total Dissolved Solids (Maximum) 340 20

Total Hardness (Maximum) 170 10
TABLE 1

Determine The Concentrations
of Chigrides, Sulfates, And
Total Dissolved Solids
In The Water
1
{ ]

Chlorides Under 40 ppm Chilorides Over 40 ppm
And Or
Sulfates Under 100 ppm Sultates Over 100 ppm
And Or
Total Dissolved Sclids Total Dissolved Solids
Under 340 ppm Over 340 ppm

Determine Total Distill, De-mineralize
Hardness Of The Water Or De-ionize The Water

] |
Water Suitable For

Use in Coolant
Total Hardness} |[Total Hardness
Under 170 ppm| | Over 170 ppm |
|| L Plus Inhibitors
Soften
The water
Water Suitable For
LUse In Coolant

1
Plus Inhibitors

TABLE 2
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Fig. 1 - Heat Transfer Capacity

the materials which make up dissolved solids. Water
within the limits specified in Table 1 is satisfactory as
an engine coolant when proper inhibitors are added.
The procedure for evaluating water intended for use in
a coolant solution is shown in Table 2.

CORROSION INHIBITORS VITAL

A corrosion inhibitor is a water-soluble chemical
compound which protects the metallic surfaces of the
cooling system against corrosive attack. Some of the
more commeonly used corrosion inhibitors are chro-
mates, borates, nitrates, nitrites and soluble oil. (Soluble
oil is not recommended as a corrosion inhibitor).
Depletion of all types of inhibitors occurs through
normal operation. Therefore, strength levels must be
maintained by adding inhibitors as required after
testing the coolant.

The importance of a properly inhibited coolant cannot
be overstressed. A coolant which has insufficient
inhibitors, the wrong inhibitors, or-worse-no inhibitors
at all invites the formation of rust and scale deposits
within the cooling system. Rust, scale, and mineral
deposits can wear out water pump seals and coat the
walls of the cylinder block water jackets and the outside
walls of the cylinder liners. As these deposits build up,
they insulate the metal and reduce the rate of heat
transfer. For example, a 1/16" deposit of rust or scale
on 1”7 of cast iron is equivalent to 4-1/4” of cast iron in
heat transferability (Fig. 1).

An engine affected in this manner overheats gradually
over a period of weeks or months. Liner scuffing,
scoring, piston seizure and cylinder head cracking are
the inevitable results. An improperly inhibited coolant
can also become corrosive enough to “eat away” coolant
passages and seal ring grooves and cause coolant leaks

to develop. If sufficient coolant accumulates on top of a
piston, a hydrostatic lock can occur while the engine is
being started. This, in turn, can result in a bent
connecting rod. An improperly inhibited coolant can
also contribute to cavitation erosion. Cavitation erosion
is caused by the collapse of bubbles (vapor pockets)
formed at the coolant side of an engine component. The
collapse results from a pressure differential in the liquid
caused by the vibration of the engine part. As bubbles
collapse, they form pin points of very high pressure.
Over a periocd of time, the rapid succession of millions
of tiny bursting bubbles can wear away (erode) internal
engine surfaces.

Components such as fresh water pump impellers and
cylinder liners are especially susceptible to cavitation
erosion. In extreme cases their surfaces can become so
deeply pitted that they appear to be spongy, and holes
can develop completely through them.

Chromates

Sodium chromate and potassium dichromate are two of
the best and most commonly used water system
corrosion inhibitors. Care should be exercised in
handling these materials duc to their toxic nature,

Chromate inhibitors should nor be used in antifreeze
solutions. Chromium hydroxide, commonly called
“green slime™, can result from the use of chromate
inhibitors with antifreeze. This material deposits on the
cooling system passages reducing the heat transfer rate
(Fig. 1) resulting in engine overheating. Engines which
have operated with a chromate- inhibited water must be
chemically cleaned before the addition of antifreeze. A
commercial heavy-duty descaler should be used in
accordance with the manufacturer’s recommendation
for this purpose.

Soluble Oil

Soluble cil has been used as_a corrosion inhibitor for
many years. It has, however, required very close
attention relative to the concentration level due to
adverse effects on heat transfer if the concentration
exceeds 1% by volume. For example: 1.25% of soluble
oil in the cooling system increases fire deck tempera-
tures 6% and a 2.50% concentration raises fire deck
temperature up to 15%. Soluble oil is not recommended
as a corrosion inhibitor.

Page 10
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Non-Chromates

Non-chromate inhibitors (borates, nitrates, nitrites,
etc.} provide corrosion protection in the cooling system
with the basic advantage that they can be used with
either water or a water-and-antifreeze solution.

INHIBITOR SYSTEMS

An inhibitor system is a combination of chemical
compounds which provide corrosion protection, pH
control and water- softening ability. Corrosion protec-
tion is discussed under the heading Corrosion Inhibitors
Vital. pH control is used to maintain “an acid-free
solution. The water-softening ability deters formation of
mineral deposits. Inhibitor systems are available in
various forms such as coolant filter elements, liquid and
dry inhibitor additives and as integral parts of
antifreeze.

Coolant Filter Elements

Replaceable elements are available with various
chemical inhibitor systems. Compatibility of the
clement with other ingredients of the coolant solution
cannot always be taken for granted.

Problems have developed from the use of the
magnesium lower support plate used by some
manufacturers in their coolant filters. The magnesium
plate will be attacked by solutions which will not be
detrimental to other metals in the cooling system. The
dissolved magnesium will be deposited in the hottest
zones of the engine where heat transfer is. most critical.
The use of an aluminum or zinc support plate in
preference to magnesium is recommended to eliminate
the potential of this type of deposit.

High chloride coolants will have a detrimental effect on
the water-softening capabilities of systems using ion-
exchange resins. Accumulations of calcium and
magnesium ions removed from the coolant and held
captive by the zeolite resin can be released into the
coolant by a regenerative process caused by high
chloride-content solutions.

Inhibitor Additives

Commercially packaged inhibitor systems are available
which can be added directly to the engine coolant. Both
chromate and non-chromate systems are available and
care should be taken regarding inhibitor compatibility
with other coolant constituents.
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Fig. 2 - Coolant Freezing and Boiling Temperatures
vs. Antifreeze Concentration {(Sea Level)

Non-chromate inhibitor systems are recommended for
use in Detroit Diesel engines. These systems can be
used with either water or water-and-antifreeze solutions
and provide corrosion protection, pH control and water
softening. Some non-chromate inhibitor systems offer
the additional advantage of a simple on-site test to
determine protection level. Since they are added
directly to the coolant, they require no additional
hardware or plumbing.

All inhibitors become depleted through normal
operation and additienal inhibitor must be added to the

© 1984 General Motors Corp.
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coolant, as required to maintain original strength levels.
Always follow the supplier’s recommendations on
inhibitor usage and handling.

TEST METHODS

Test kits and test strips are commercially available to
check engine coolant for corrostion inhibitor strength
level. Coolant should be tested to determine the need
for corrosion inhibitor supplements and the amount
required. Do not use one manufacturer’s test strips te
measure the chemical content of another’s antifreeze
and/or inhibitors. Always follow the manufacturer’s
recommended test procedures.

ANTIFREEZE

When freeze protection is required, an antifreeze
meeting GM specification 1899M must be used. An
inhibitor system is included in this type of antifreeze
and no additional inhibitors ar¢ required on initial fill if
a minimum antifreeze concentration of 30% by volume
is used. Solutions of less than 30% concentration do not
provide sufficient corrosion protection. Concentrations
over 67% adversely affect freeze protection and heat
transfer rates (Fig. 2).

Ethylene glycol base antifreeze is recommended for use
in all Detroit Diesel engines. Methyl alcohol base
anitfreeze is not recommended because of its effect on
the non-metallic components of the cooling system and
because of its low boiling point. Methoxy prepanol base
antifreeze is not recommended for use in Detroit Diesel
engines due to the presence of fluoroelastomer seals in
the cooling system.

Before installing cthylene glycol base antifreeze in a
unit that has previously operated with methoxy
propanol, the entire cooling system should be drained,
flushed with clean water, and examined for rust, scale
contaminants, etc. If deposits are present, the cooling
system must be chemically cleaned with a commerical
grade heavy-duty descaler.

The inhibitors in antifreeze solutions should be
replenished with a non-chromate corrosion inhibitor
supplement when indicated by testing the coolant.
Engine coolant should be checked at approximately 500
hour to 20,000 mile intervals.

Antifreeze solutions should be used year-round to
provide freeze protection in the winter, boil-over
protection in the summer and a stable environment for
seals and hoses in the cooling system of the engine.

Sealer Additives

The use of antifreeze containing sealer additives or the
addition of sealer additives to any type coolant in
Detroit Diesel engines is not recommended due to
plugging possibilities throughout various areas of the
cooling system, including cooling system bleed holes and
water pump drain holes.

GENERAL RECOMMENDATIONS

All Detroit Diesel engines incorporate pressurized
cooling systems which permit operation at temperatures
higher than non-pressurized systems, It is essential that
these systems be kept clean and leak-free, that filler
caps and pressure relief mechanisms be correctly
installed at all times and that coolant levels be properly
maintained.

Always maintain engine coolant at the proper level. A
low coolant level allows the water pump to mix air with
the coolant. Air bubbles in the coolant can “insulate™
the cylinder walls, preventing normal heat iransfer. An
abnormally low coolant level can cause the water pump
to become air-bound, a condition in which it works
feverishly but pumps nothing. Without proper heat
transfer, silicone elastomer head-to-block water hole
scals can deteriorate and cylinder components can
expand so that pistons rapidly cut through the lubricant
on the liner walls, Scuffing and piston seizure may
follow.

CAUTION: Use extreme care when removing a
radiator pressure-control cap from an engine.
The sudden release of pressure from a heated
cooling system can result in a loss of coolant and
possible personal injury (scalding) from the hot
liquid.

An engine may contain the correct amount of properly

inhibited coolant, but still fail to adequately cool the

engine. In cases where this occurs, other causes of low

coolant flow, either engine or cooling system related,
should be investigated.

1. Always use a properly inhibited coolant.
2. Da not use soluble oil.
3. Maintain the prescribed inhibitor strength.

4. Always follow the manufacturer's recommendations
on inhibitor usage and handling.

5. If frecze protection is required, use a solution of
water and antifreeze meeting GM specification 1899M. .

6. Reinhibit antifreeze with a non-chromate inhibitor
system.

Page 12
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7. Do not use a chromate inhibitor with antifreeze.
8. Do not use methoxy propanol base antifreeze.

9. Do not mix ethylene glycol base antifreeze with
methoxy propanol base antifreeze in the cooling system.

10. Do not use sealer additives or antifreeze containing
sealer additives.

11, Do not use methyl alcohol base antifreeze.

12. Use extreme care when removing the radiator
pressure-control cap.

13. Do not add inhibitor supplements to new antifreeze
solutions.

14. Use an antifrecze solution year-round for freeze and
over-boil protection. Seasonal changing of coolant from
an antifreeze solution to an inhibitor/water solution is
not recommended. :

© 1984 General Motors Corp.
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SECTION 14
ENGINE TUNE-UP

CONTENTS
Engine Tune-Up Procedures (Base Circle Timing) and Emission Regulations............... 14
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Precision T.D.C. Fuel Injector Timing ......cocvceeerieirmsiiimiiiniinnceenienenemn s neesaaan 14.2.1
Adjustment Procedure for Injector Rack Controls .......coooiiiiniiiiiiiianininnnn., 14.3
Limiting Speed Mechanical Governor Adjustment..............coccivvinmeiiniin. 14.3.2

ENGINE TUNE-UP PROCEDURES

To tune up an engine completely, perform all of the
adjustments given below. It is desirable to tune the
engine cold: however, if it is necessary to perform the
tune-up at engine operating temperature. we have
provided the specifications to do so.

CAUTION: Before starting an engine after an
engine speed control adjustment, or after
removal of the engine governor cover and lever
assembly, the serviceman must determine that
the injector racks move to the no-fuel position
when the governor stop lever is placed in the
stop position. Engine overspeed will result if the
injector racks cannot be positioned at no-fuel
with the governor stop lever. An overspeeding
engine can result in engine damage which could
cause personal injury.

NOTE: If the governor does not have a stop
lever it will be necessary to install a suitable
stop lever for use during an engine tune-up,

An electric shutdown solenoid (Fig. 1) is mounted on
the engine governor. The solenoid must be removed
from the governor prior to connecting the governor
linkage to the rack control shaft or engine overspeed
may OCeur.

This precaution is necessary because the solenoid is
designed to hold the fuel shutdown in the stop position
al all times except when the solenoid is energized. If
the injector racks are held in the full-fuel position and
connected to the governor while the shutdown is in the
stop position, the injector will be locked at full rack
{maximum fuel).

Tune-Up Sequence

1. Adjust the intake and exhaust valve clearances
{Section 14.1).

2. Adjust injector heights to agree with the dimensions
on the timing label (Section 14.2).

3. Position the injector rack control levers

(Section 14.3).
4. Adjust the static governor gap (Section 14.3).

5. Connect the injector control rack to the governor
(Section 14.3).

6. Back out the buffer screw (Section 14.3.2).

GOVERNOR

GASKET
SOLENOID
BOLT

Fig. 1 - Shutdown Solenocid on Governor

© 1984 General Motors Corp.
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7. Back out the idle screw (Section 14.3.2). 10. Adjust maximum no load rpm (Section [4.3.2).
1. Check idle rpm and adjust if necessary .

8. Sct the high speed spring adjusting nut
(Section 14.3.2).

{Section 14.3.2),

Y. Adjust the idle (Section 14.3.2). 12. Adjust the buffer screw (Section 14.3.2).

Page 2 ® 1984 General Motors Corp.
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. 1981 CERTIFIED AUTOMOTIVE CONFIGURATIONS

1981 FEDERAL CERTIFIED
AUTOMOTIVE CONFIGURATIONS

ENGINE ENGINE ,
FAMILIES VvB-8.2N v88.2T FAMILIES VE8-8.2NC | VB8-8.2TC
Insectors (a) 3A53 4665
Injectors (a) 4A53 4C65
Maximum Full
Load Speed {al 3000 3000
Maximom Full 3000 3 Mimimum Full g
Load Speed la) 600 i 3000 | 3000
Mirmimum Full Minimum 700 700
1.0ad Speed 3000 3000 Idie Speed
Gear Train
Minimum Idle 700 Timing Std. Std.
Speed 700 75
Injector Timing 44(;?5 . 41;)
Gear Train Sid sid
Twruing . . Throttle Delay
Setnng DNA DNA
438 44.75 Turbocharger 3LM-403
tmector Timing 0 i AR DNA 4.415q. tn]
Thrattle Delay
Setting DNA DNA
Turhacharger DNA 3LM-403
A(R 4.41 Sq. In.
1981 CERTIFIED
AUTOMOTIVE ENGINES
PEAK TORQUE
ENGINE INJECTOR RATED BHP (LB-FT}
V8-8.2N 4A53 165 @ 3000 350 @ 1200
v8-8.2T 4C65 205 @ 3000 430 @ 1700
VE8-B.2NC 4463 165 @ 3000 350 @ 1200
; {Califorma)
ve-8.27C 4885 205 @ 3000 430 @ 1700
(Calitornia}

1981 CALIFORNIA CERTIFIED

AUTOMOTIVE CONFIGURATIONS

CONDITIONS

AL L ENGINE HORSEPOWER RATINGS ARE BASED ON SAE

B5OF (29 49C) — AIR INLET TEMPERATURE
29.00 IN. HG (38.19 kPa) — BAROMETER (DRY)

NOTES:

DNA -~ Does not apply.

{a) Reter to Engine Application Rating (Sales Tech Data Book
for specific application usage of injector size
and full load speed combination. No load speed will vary
with injectar size and governor.

I, Vol 3}

{i} Top dead center timing expressed in millimetars. For
base circle timing, see injector timing label an rocker

cover

¢ 1984 General Motors Corp.
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1982 CERTIFIED AUTOMOTIVE CONFIGURATIONS

1982 FEDERAL CERTIFIED
1982 CALIFORNIA CERTIFIED
AUTOMOTIVE ENGIN
€ CONFIGURATIONS AUTOMOTIVE ENGINE CONFIGURATIONS

FAMILIES 8.2 8.27
FAMILIES | V882 ves.aT
INJECTORS | dAS3 4CB5
4A408 4A5308
Ingeciars
aA53 4C65
MAX. FULL 3009 30600 " ol
LOAD SP . axmum Ful
SPEED Load $peed 3060 3000
MIN. FULL 2800 g 2800 A8
LOAD SPEED Minmum Full 2000
ad d 2800
MIN. IDLE 700 700 Load Spee
SPEED Minimum ; 200
GEAR TR, Std. Std. idie Speed 00
TIMING Gear Tramn
4A53- A0B5- Timing Std Std
INJECTOR 43 MM 44 75MM Injector
TIMING 4A40- 4A53- Timing 4a.45MM | 44 75MM
4425MM | 43 8MM
Thrortle Delay
THROTTLE A
DELAY ONA DNA SL"'"": ona DN
SETTING \ner Port
Height DNA DNA
LINER DNA DNA e
|
PORT HGHT Nurmber DNA DNA
LINER DNA ONA T ornochar
Turbocharger DNA 3Lm-a03
PART NO. AR 4.415q. In
TURBO- ONA ILM403 Turbocharger
CHARGER 4.41sq.in Part Number DNA 8920678
A/R Blower Drive DNA ONA
TURBO- Haug
CHARGER DNA 7 Blower Part
o 8920678 Nurnber DNA DNA
BLOWER Dha DNA Compression R
DR. RATIO E“i:‘m - 18.3:0 1691
e
BLOWER oNA BNA Part Numoer | ONA ona
:gl_a'r DNA DOES NOT APPLY
COMP. 18.3:1 16.9:1
RATIO
EXHAUST DNA DNA
VALVE P/N
CERT 14B7-34) | 14B7.343 FIED
LABEL NO. 1487-344 1982 CERTI
AUTOMOTIVE ENGINES
B 2800 RPM MAX. WITH 4A 40 INJECTORS
BB 2800 APM MAX. WITH 4a 53 INJECTORS PEAK TORQUE
DNA  DOES NOT APPLY ENGINE INJECTOR RATED BHP (LBET)
V882N 4440 130 @ 2800 318@ 1000
4A53 165 @ 3000 350 @ 1200
vB88.2T 4C65 205 @ 3000 430 @ 1700
{Fed/Calif)
VB-82NA&T 4553 160 @ 2800 T 369 @ 1400
(Fed/Exp) 160 ® 2800 N 350 @ 1200
VB8.2NC AAB3 165 @ 3000 350 @ 1200
{California) 160 @ 2800 350 @ 1200
ALL ENGINE HORSEPOWER RATINGS ARE BASED ON SAE
CONDITIONS
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1983 AUTOMOTIVE CONFIGURATIONS

FEDERAL CALIFORNIA
NOTES:
ENGINE
FAMILIES VB-82N ve-a2T LERGINE. | veaanc | veaaTc
DNA Does not apply.
Iniectors [a) 4440 4453 (a) Hefef to Engine Injectors (ab. aa53 4C65
4A53 4C65 Application Rating
(Sales Tech Data Book Maximum Full
3000 000
Mani 1, Voi. 3} for specific Load Speed ia)
ximum Fult " 3000 N N P
Load Spesd (a) | 000 m application usage of inj- Minrmum Full 2800 3000
ector size and full load Load Speed
Minimum Full speed combination. No i
2800 | Minimum
Load Speed 2600 load speed will wvary Idle Speed 00 o0
with injector size and
Mini 1d Gear Train
s;:::um . 200 700 governor, Timing S Std
Gear Train (.” Top dead center Injector Timing 41{?5 “1;?5
Tirming Std. Sed timing expressed in
mitlimeters, For base ;:‘"‘i’;;" Delay DNA DNA
4A40-44.25 :&5343.8 circle timing see inj-
tmjectar Timi 44534 544 75 it Moduiat:
iMing 3438 406524 22 ector timing label on S:":: or DNA DNA
liy i rocker cover.
Turbocharger 3LM-403
Thrattl ] DNA
sq:::.‘; Delay DNA ONA m 2800 Max. FL RPM A/R | 4.41 8qg. In.
ith 4 .
with 4A40 Injector, ;:rr‘b:f’hafw DNA £920678
Mod ulator ONA A .
Sotting N ON {k} 2800 Max. FL RPM Blower Orive ONA ona
with 4C65 injector at Ratio
44 25 Injector Timing,
Turbacharger ILM-403 b
ONA : Part ONA ONA
AR 4415a.1n. | {1} 2800 Max, FL RPM No.
with 4AB3 Injector. Compression 18311 15941
Ratio = -
Turbocharger
Part No. DNA 2920678 st
Valve DNA DNA
Blower Part No.
Drive Ratio ONA ONA Liner
Part DNA DNA
Blower Hesght
Pant ONA DNA :
No. Liner
Part DNA ONA
e No.
OMmpTession
Astia 18.3:1 16811 NOTES:
Exhsust DNA  Does not apply.
Valve DNA ONA
Part No. {a) Refer to Engine Application Rating {Sales Tech Data
Liner Book t, Vol, 3} for specific application usage of injector size
Part No. DNA DNA and full load speed combination. No load speed will vary
with injector size and governor.
Liner
Port DNA ONA (i) Top dead center timing expressed in millimeters. For
Haight base circle timing see injector timing label on rocker cover,
1983 CERTIFIED AUTOMOTIVE ENGINES
PEAK TORQUE
ENGINE INJECTOR RATED BHP
{LB-FT}
vB-B.2N 4A40 130 @ 2800 318 @ 1000
Fed) 4A53 160 @ 2800 350 @ 1200
4453 165 @ 2000 350 @ 1200
Va-8.2NC 4A53 165 @ 3000 350 @ 1200
{Calformal
vB-8.2T 4A53 156 @ 2600 375 @ 1400
(Fed.) 4C65 . 200 @ 2800 440 @ 1700
(\ﬁfﬂ;glm 4A53 160 @ 2800 375 @ 1400
V8827 4C65 205 @ 3000 430 @ 1700
{FegdiCani}
ALL ENGINE HORSEPOWER RATINGS ARE BASED ON SAE
CONDITIONS
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1984 AUTOMOTIVE CONFIGURATIONS

FEDERAL CALIFORNIA
ENGINE
V882N -8 ENGINE
FAMILIES v8-827 FAMILIES v88.2NC | VB8.2TC
4A40 . 4845
Injéctors (a) 4845 4AS3 tnjectors (a) Bss 4E67
4AB3 4C65
Maxirmum Full
Maxmurn Full 2800 Load Speed {al 2800 2800
2800
Load Speed (a) Mhrimum Full 2800 2800
Load Speed
Mirmmum Fuli 2800 2B00 .
Load Speed 4A53.2600 Minimum
: Idle Speed 700 100
Minmum kdle
Speea 700 00 Gear Train Sid s1d.
Timing
4B45-44.45
Gear Tra . .
T'm:ngr n Swd Std. .| tnjector Timing 4555{34.25 41‘;’5
48404435 | 4,00 4380 Tovore Delay ONA DNA
Injectar Timing | #B4543.80 | ree 4405 "9
4A53-43.80 1t
(i} i) k) Modulator DNA DNA
Serting
Throttle Delay
Serteng DNA DNA Turbocharger DNA ILM-403
AR 441 5. In.
Modulator DNA DNA
Setting
| Turbecharger 3LmM-403
AR ONA 4 41 5q In,
NOTES:
DNA  Does not apply.
{a) Refer to Engine Application Rating {Sales Tech Data Book 185A315) for specific application

usage of injector size and full load speed combination, No load speed will vary with injector
size and governor.

(i Top dead center timing expressed in millimeters. For base circle timing see injector timing
label on rocker cover.

k) Repower Turbocharged units are certified to 3,000 RPM. See Emission Label.
Injactor Timing: 4C6% - 44.75,

1984 CERTIFIED
AUTOMOTIVE ENGINES

PEAK TORQUE
ENGINE INJECTOR RATED BHP
. WB-FT)
v8-8.2N 4RA0 130 @ 2800 318 @ 1000
Fed ) 4B45 145 @ 2800 330 @ 1200
4453 165 @ 2800 354 @ 1200 .
VS"S'—?NC | 4B45 145 @ 2800 330 @ 1200
(Cantornia 4855 165 @ 2800 370 @ 1200
v88.2T 4A53 160 @ 2600 383 @ 1400
(Fed.) 3A53 165 @ 2800 383 & 1400
4CB5 205 @ 2800 442 ® 1700
vV8-B2TC 4EGT 200 @ 2800 440 @ 1700
(Califarnia)
ALL ENGINE HORSEPOWER RATINGS ARE BASED ON SAE
J 1349 CONDITIONS
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1985 AUTOMOTIVE CONFIGURATIONS

FEDERAL
ENGINE
FAMILIES Vv88.2N v88.2T
4A40 4HB0
4845 4A53
Injectors (a) 4A53 4C85
4160
4875
Maximum Ful)
Laad Soeed () 2800 2800
Minimum Full 2800
Load Speed 800 4J60-2600
Minimum |dte
Speed 100 700
Gear Train
Timing Std. Std.
Ba;e Circle 4A40-47 .80 4a53-47.35
Injector Timing 4845-47.35 4HE0-47.80
4A53-47.3% 4J60-47.80
4C65-47.80
4875-47.35
13}
Throttle Delay
Setting DNA DNA
Modulator
Setting DNA DNA
Turbocharger DNA 3LM-403
A/R 441Sq. In.
| Closed
Crankca:
Breather Required DNA
System
NOTES:

CALIFORNIA
ENGINE
FAMILIES V882N vagar
4845 467

injectors lal AB55 AKEO
Maximum Full 2800 2800
Load Speed (a}

Minimum Full 2800 2800
Load Speed 4KEQ-2600
Minimum Idie 700 700
Speed

Gear Train Sid. Std.
Timing

roc 4B45-44.45 44.75-4E67
injector Timing 48551-;]14.25 44.45[;?'(60
Throttle Delay DNA DNA
Setting

Modulator DNA DNA
Setting

Turbocharger A 3LM-403
AR PN 4.41 5q. tn.
Closed

Crankcase Required DNA
Breather
LS\m:m

All injector timings are expressed as base circle except California certified and repower turbo units certified

at 3,000 rpm with 4CE5 injectors.

ONA Does not apply.

{a) Refer to Engine Application Rating (Sales Tech Data Book 188A315) for specific application
usage of injector size and full load speed combination. No load speed will vary with injector
size and governor.

(i) Top dead center timing expressed in millimeters. For base circle timing, see injector timing

label on rocker cover.

(k) Repower turbocharged units are certified to 3,600 rpm. See emission label.

T.D.C. tnjector Timing: 4C65-44.75.

FUEL INJECTORS

1985 CERTIFIED AUTOMOTIVE ENGINES

PEAK TORQUE
ENGINE INJECTOR RATED SHP {LB—FT)

vV8-8.2N 4A40 130 @ 2800 318 @ 1000
{Feceral) 4845 145 @ 2800 330 @ 1200

4AB3 185 @ 2800 354 @ 1200
VB8 2NC 4845 145 @ 2800 330 @ 1200
(Calitornial 4B55 165 @ 2800 3@ 1200
V8 8.2T 460 165 @ 2600 418 @ 1400
{Federal} 4A53 165 @ 2800 383 @ 1400

4HBO 180 @ 2800 424 @ 1800

4C85 206 @ 2800 442 @ 1700

4B75 230 @ 2600 510 @ 1700
Vv88.2TC 4K860 165 @ 2600 406 @ 1400
{California} 4E67 200 @ 2800 440 @ 1700

ALL ENGINE HORSEPOWER RATINGS ARE BASED ON
SAE J1349 CONDITIONS

© 1985 General Motors Corp.
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14.1

VALVE CLEARANCE ADJUSTMENT

Accurate adjustment of the clearance between the end
of the rocker arm and the valve is very important if
maximum performance and economy are to be
obtained.

CAUTION: Be sure that the injectors ar¢ in a
no-fuel position before barring the engine as
personal injury could result,

Fig. 1 - Adjusting Valve Clearance

NOTE: When a wrench or barring tool is used
on the crankshaft bolt at the front of the
engine, do not turn the crankshaft in a left-
hand direction of rotation or the bolt may be
loosened.

Valve Clearance Specifications

Intake Exhaust
MM/{Inch) MM/{Inch)

Hot 0.28/(0.011) | 0.31/(0.012)

Cold

38° C.(100° F) or less| 0-31/(0:012) | 0.36/(0.014)

Valve clearance is adjusted by means of an adjusting
set screw and locknut (Fig. 1) located at the push rod
end of the rocker arm. The procedure is to first turn
the crankshaft clockwise until the piston is near top
dead center compression and the injector rocker arm is
moving downward. Then insert the feeler gage
between the end of the appropriate valve stem and
rocker arm, loosen the locknut, and turn the adjusting
set screw until the gage is a snug fit between the valve
stem and the rocker arm. The adjustment is then
secured by tightening the locknut. Refer 1o Chart,

All of the injectors and valves can be timed in firing
order sequence (1, 8, 4, 3, 6, 5. 7, 2) during two
complete revolutions of the crunkshaft {clockwise
rotation as viewed from the front).

To perform the valve adjustment during a base circle
iune-up procedure, continue to Section 14.2.

© 1983 General Motors Corp.
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FUEL PINCHER

14.2

FUEL INJECTOR TIMING (Base Circlo)

It is essential that the valves and injectors be in correct
adjustment at all times for the engine to operate
properly. One controls engine breathing; the other
controls fuel delivery to the cylinders.

To time an injector properly, the injector follower
must be adjusted to a definite height in relation to the
injector body. Refer to Figs. | and 2. All of the
injectors and valves can be timed in firing order
sequence (1, 8, 4, 3, 6, 5, 7, 2) during two complete
revolutions (clockwise rotation as viewed from the
front) of the crankshaft.

The “Base Circle” of a cam lobe 1s any point on that
lobe at which a cam follower is at rest {no lift has
occured). Refer to Fig. 3.

Precision injector timing is set on the “lift ramp”™ of
the cam during manufacture of the engine to meet
exhaust emission requirements. Any subsequent
servicing of the injectors requires a predetermined
hase circle injector height (which is derived from the
precision methoed) for each cylinder position. These
specific base circle heights have been measured and
recorded on the timing label during manufaciure of
cach individual engine and the label is affixed to the
left rocker cover. Unless a major engine component

INJECTOR
FOLLOWER

INJECTOR
TIMING
HEIGHT

INJECTOR
BODY

L-a717

+—— INJECTOR TIMING GAGE
J 29014-1

INJECTOR
FOLLOWER

STEM (DIAL INDICATOR)

INJECTOR
BODY

6241

Fig. 2 - Timing Gage Installed on Injector

(crankshaft, camshaft, timing gears or cylinder block)
is changed, the original timing label may be used to
perform an engine tune-up. When any of the above
engine components are changed In an engine
overhaul, a precision, top dead center, timing
procedure must be performed (refer to Section 14.2.1).

LIFT RAMP

CAM FOLLOWER

84sg cive\®

L-6238

Fig. 1 - Injector Timing Height

Fig. 3 - Base Circle

‘¢ 1982 General Motors Corp.
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14.2  Fuel Injector Ti'ming {Base Circle)

FUEL PINCHER

Injector Timing Gage

Injector timing gage J 29014-1 (Fig. 4) has been
designed for timing the engine using the buase circle
method or the precision, top dead center timing
procedure. When timing by the base circle method, use
the black numbers on the dial face and the lower step
of the master.

NOTE: Do not attempt to remove the stem from
the dial indicator. The stem has been perma-
nently attached and will cause internal damage
to the indicator if turned.

—

DlAL [NDICATOR
ASSEMBLY
129014-11

[~———— STEM

-
1290143
LOCKING ROD
A J29014-17
A BRASS SCREW
s
INDICATOR
HOLDER 12 2
9014
ﬁ:{‘ HOLDER
J29014-16
PIN
B.c' T- D-c-
MASTER L-6154
J29014-9

Fig. 4 - Injector Timing Gage

Calibrating the Injector Timing Gage for the
Base Circle Method

1. Loosen the brass locking screw on the side of the
dial indicator holder and place the holder on top of
the master. Make sure the indicator stem is located on
the LOWER step of the master.

2. Lock the holder in place by pressing the spring
loaded rods and rotating until the pins engage the
groove in the master. The slots in the top of the rods
will point at each other when properly positioned.

3. While rotating the dial indicator, (lo clear position
“B™) push down 10 lowest position in the holder,
position “A”, Fig. 4, and lock into place with the brass
screw.

4. Tocalibrate, hold the dial indicator body firmly and
rotate the dial lace by turning the black ring. Position
the word “CAL" directly under the pointer. As the
gage is removed from its master, you should observe
counterclockwise pointer movement of 1/2 to 3/4 of a
turn on the dial.

5. The gage is now calibrated to measure a base circle
setting.

Base Circle Timing Precedure

With a calibrated injector timing gage (J 29014-1)
proceed as follows:

CAUTION: Be sure that the injectors are in a
no-fuel position before barring the engine as
personal injury could result.

NOTE: When a wrench or barring tool is used
on the crankshaft bolt at the front of the
engine, do not turn the crankshaft in a left-
hand direction of rotation or the bolt may be
loosened.

1. Rotate the crankshaft clockwise until the No. |
injector rocker arm is at the top of its stroke {on the
cam base circle).

2. Install gage J 29014-1 and bar the engine over until
the No. 1 injector follower descends between 0.5 1o 1.0
mm (00207 to 0.040").

NOTE: The' injector’s downward travel can
exceed the dial movement capability of the
gage J 29014-1. Remove the gage from the
injector prior to barring the engine any further
than described above.

3. Injector timing can now be set on cylinders 3. 4, 6
and 8 as per the dimensions found on the timing label.

Page 2
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FUEL PINCHER

Fuel Injector Timing (Base Circle)

14.2

Check the calibration of the gage after each injector
setting is completed. Perform steps a, b and ¢ on
cylinders 3, 4, 6 and 8 as follows:

a. Loosen the injector rocker arm adjusting screw
locknut and back out the adjusting screw until
approximately three full threads are showing.

b. Turn'lh‘e rocker arm adjusting screw back in until
the timing label dimension is obtained.

¢. Tighten the locknut and recheck the reading on
the gage.

Valve Adjustments

AL this point, valve clearance can now be adjusted (at
90 *intervals) in the clockwise firing order sequence on
cylinders 1, 8, 4 and 3.

CAUTION: Be sure that the injectors are in a
no-fuel pesition befeore barring the engine as
personal injury could result.

Refer 10 specifications in the chart and proceed as
follows:

Valve Clearance Specifications
Intake Exhaust
MM/(Inch) MM/(Inch)
Hot 0.28/(0.011) | 0.31/(0.012)
Cold
38° C. (100° F) or less 0.31/(0.012) | 0.36/(0.014)

NOTE: When a wrench or barring tool is used
on the crankshaft bolt at the front of the
engine, do not turn the crankshaft in a left-
hand direction of rotation or the bolt may be
loosened.

I. Set valves on cylinder 1 (the injector had begun its
downward travel).

2. Bar the engine 90°clockwise and observe for
injector movement on cylinder No. 8.

3. Sct valves on cylinder No. 8.

4. Bar the engine 90°clockwise and observe for
injector movement on cylinder No. 4.

5. Set valves on cylinder No. 4.

6. Bar the engine 90°clockwise and observe for
injector movement on c¢ylinder No. 3.

7. Set valves on cylinder No. 3.

Base Circle Injector Timing (Cont.)

1. Install gage J 29014-1 and bar the engine clockwise
until No. 6 Injector follower descends between 0.5 1o
1.0 mm (0.020" 1o 0.040™).

NOTE: The injector’s downward trave!l can
exceed the dial movement capability of the
gage J 29014-1. Remove the gage from the
injector prior to barring the engine any further
than described above.

2. Injector timing can now be set on cylinders 1, 2, 5
and 7 as per the dimensions found on the timing label.
Check the calibration of the gage after each setting is
completed.

Valve Adjustments (Cont.)

At this point, valve clearance can now be adjusted (at
90° intervals) in the clockwise firing order sequence on
cylinders 6, 5.7 and 2.

NOTE: When a wrench or barring tool is used
on the crankshaft bolt at the front of the
engine, do not turn the crankshaft in a left-
hand direction of rotation or the bolt may be
loosened.

I. Set valves on cylinder No. 6 (the injector had begun
its downward travel).

2. Bar the engine 90°clockwise and observe for
injector movement on cylinder No. 5.

3. Set valves on cylinder No. 5.

4. Bar the engine 90°clockwise and observe for
injector movement on cylinder No. 7.

5. Set valves on cylinder No. 7.

6. Bar the engine 90°clockwise and observe for
injector movement on cylinder No. 2.

7. Set valves on cylinder No. 2.

At this point in the tune-up procedure all of the

© 1983 General Motors Corp.
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14.2  Fuel injector Timing (Base Circle) FUEL PINCHER

injectors and valves have been adjusied. Refer to
Section 14.3 for the procedure for setting the injector
rack controls. '
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FUEL PINCHER

14.2.1

-~
P

o

FUEL INJECTOR TIMING (Precision T.D.C.) —

Whenever a crankshaft, camshaft, cylinder block or
gear train is replaced, any previously determined
injector timing heights are no longer valid. To
maintain conformance to Federal E.P.A. and Califor-
nia emission specifications, the former injector uming
height sticker or label on the rocker cover must be
removed and replaced with dimensions determined by
performing the precision T.D.C. timing procedure.

Procedure Qutline

J—

- Remove cylinder head.

I

. Install tool 1 29011-A (Slug Gage).
3. Install tool J 29139 (Timing Pin and Guide).

4. Remove tool J 2901 1-A (Slug Gage).

th

. Install cylinder head.

6. Adjust injector heights with their respective
cylinders positioned at T.D.C.

7. Measure and record injector heights at their
respective base circle positions.

8. Remove tool J 29139 (Timing Pin and Guide) and
complete the engine tune-up.

Fig. 1 - J-29011-A Installed

Remove Cylinder Head

Remove the cylinder head to establish the precision
top dead center with tool J 2901 1-A (Slug Gage).

NOTE: When a wrench or barring tool is used
on the crankshaft ai the front of the engine. do
not turn the crankshaft in a feft-hand direction
of rotation or the bolt may be loosened.

CAUTION: Be sure the injectors are in a no-fuel
position before barring the engine as personal
injury could result. Remove the ground strap or
cable from the battery or the cable from the
starting motor solenoid. Tape the end of the
cable 1o prevent discharging the battery from a
direct short. Tag each lead lo ensure correct
connections.

Position the No. | piston so that it is beginning 1s
compression stroke.

Install Slug Gage

Install tocl J 29011-A (Slug Gage) in cylinder No. 8
(right bank) or cylinder No. 3 (left bank). Snug the
bolts to secure the tool into position. Bar the engine
clockwise until the piston is firmly against the tool. At
this point the No. | piston is at T.D.C. (Fig. 1.

Fig. 2 - J 29139 Installed

@ 1983 General Motors Corp.
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14.2.1  Fuel Injector Timing (Precision T.D.C.)

FUEL PINCHER

~
Install Timing~Pin and Guide

Remove the dust cover in the flywheel housing and
install tool J 29139 (Timing Pin and Guide) with
attaching bolts loose. Insert the timing pin into the
fiywhee] (the flywheel has been machined in four (4)
places at 90°from each other w allow timing pin
engagement). With the pin engaged, secure the tool in
place by tightening the attaching bolts (Fig. 2).

Remove Slug Gage

Remove 100! J 29011-A (Slug Gage) and install
cylinder head. Do not remove the timing pin and
guide.

Adjust Injectors at T.D.C.

I. Calibrate the Injector Timing Gage J 29014-1 for
top dead center readings (red numbers on the dial
(ace). Refer to Section 142 and perform the same
calibration procedure, except: use the T.D.C. step of
the master and not the B.C. step.

2. Back out all the injector rocker arm adjusting screws
{do not remove).

3. Beginning at No. 1 cylinder, place the calibrated
timing gage J 29014-1 on top of the injector follower
so_that the dial indicator stem rests on the projecting
injector body ledge as shown in Fig. 2 in Section 14.2.
A good indication that the No. 1| cylinder is on it’s
compression stroke, is the No. 3 intake valve will be
open.

4. Adjust the injector rocker arm adjusting screw and
tighten the locknut so that the dial indicator reading
agrees with the chart. It is convenient to adjust the
valves at the respective cylinders before proceeding to
the next injector setting, :

5. Disengage the timing pin from flywheel (DO NOT

TDC Injector

Engine Family Timing Setting

50 State Turbo Engine 4475 mm
California N.A. . 44.45 mm

49 State N.A. 43.80 mm

disturb the attaching bolis) ahd bar the engine
clockwise slightly (a couple inches of flywheel
movement). Allow the timing pin to druag on the
flywheel (via its spring tension), and continue barring
the engine over slowly (clockwise). When the pin
engages with the flywheel, (approximately 90° of
rotation) the No. & injector can be adjusted. Be sure to
check the calibration of the dial indicator prior to
adjusting each injector. .

6. Continue this procedure in firing order sequence (1.
8,4,3,6.5, 7, 2) until all injectors have been set.

Measure and Record Base Circle Timing
Heights

1. Calibrate the injector timing gage J 29014-1 for
base circle readings (black numbers on the dial face).
Refer to Section 14.2 for complete instructions, if
necessary.

2. Install gage J 25014-1 and bar the engine over
(clockwise} until the No. | injector follower descends
between (.5 and 1.0 mm (0.020" 10 0.040"). The
injector’s  downward travel can exceed the dial
movement capability of the gage J 29014-1. Remove
the gage from the injector prior to barring the engine
any further than described above.

3. Place gage J 29014-1 on the No. 3 injector. The
reading on the timing gage is the new base circle
timing height. Record this reading on an injector
timing label (Fig. 3).

4. Repeat step 3 for base circle injector readings at
positions 4, 6 and 8. Check the calibration of the dial
prior to each reading.

5. Install gage J 29014-1 and bar the engine over
(clockwise) until the No. 6 injector follower descends
between 0.5 and 1.0 mm (0.020" to 0.040"). The
injector’s downward travel can exceed the dial
movement capability of the gage J 29014-1. Remove
the gage from the injector prioer to barring the engine
any further than described above. '

6. Base circle readings may now be taken and recorded
on the base circle timing label, at cylinders I, 2. 5 and
7 (Fig. 3). Check the calibration of the gage after each
reading has been taken (same as steps 3 and 4).

Attach Base Circle Timing Label

Attach the completed timing label to the left rocker
cover. At this point in the procedure, the following
have been completed.

I. The pistons’ top dead centers were established.

Page 2
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FUEL PINCHER

Fuel Injector Timing (Precision T.D.C.) 14.2.1

POSITIONS:
CYLINDER #

1 000000
3 000000
5 000000

7 000000

( UNITS/N-00O0G 00 0000 }
BASE CIRCLE INJECTOR

TIMING HEIGHT FOR

SPECIFIC CYLINDER

CYLINDER #

2 000000
4 000000
6 000000
8 000000

NOTE: TIMING HEIGHTS
ARE VALID ONLY UNTIL
CRANKSHAFT, CAMSHAFT
CYL. BLOCK, OR GEAR
TRAIN ARE CHANGED

I

- e R R T -
WW o T T T T T

L-6258

Fig. 3 - Injector Timing Height Label

2. The injector heights were set while their respective
pistons were at T.D.C.

3. The base circle injector heights were measured and
recorded on a new timing label (to be attached to the
left rocker cover).

Remove Timing Pin and Guide

1. Remove tool J 29139 (Timing Pin and Guide) and
secure the dust cover in place.

2. Reconnect the battery.

3. Refer to Section 14 and complete the engine tune-
up.

¢ 1982 General Motors Corp.
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FUEL PINCHER

14.3

INJECTOR RACK CONTROL ADJUSTMENT

-Fig. 1 - Check Points for interference

Rack Setting

1. Loosen the 12-point clamp belts in the left and right
shaft control levers (Fig. 1}.

2. Check to determine that the hex head set screw in
No. 1 and No. 2 (Cylinder Position) rack control lever
has been correctly installed. If not, tighten it securely.

This lever is not adjustable. The set screw must be
bottomed (Fig. 2).

3. Rotate the control shaft until the No. 1 injector is in
the full-fuel position. Using injector rack control pin
J 29523, provide a light spring load on the control
shaft to hold the No. 1 injector in the full-fuel
position. Loosen the adjusting screws in the three
remaining levers on the left bank as required to insure
that only the No. 1 injector is at full fuel (Fig. 3).

MEX HEAD SET SCREW (1)

12 PT. BOLT
T @

%’ALLEN HEAD ADJUSTING SCREW (3)

B
@?2&9»».
] D

FROMT LEFT BANK

16243

Fig. 2 - Injector Rack Control (Left Bank)

4, Adjust the injectors by tightening the No. 3 rack
control lever set screw until a zero lash condition has
been obtained between the injector rack and the
injector rack control lever. Recheck the No. 1 injector
to ensure a zero lash condition has been maintained
between the injector rack and the injector rack control
lever. If the zero lash condition has been inadvertently
lost, back off the adjusting screw on No. 3 injector
rack control lever and retighten it slowly. Repeat this
procedure on the No. 5 and No. 7 injectors.

NOTE: A screwdriver can be used to check the
racks for a zero lash condition.

5. Remove injector rack control pin J 29523,
6. Check the rack control assembly for freedom of
movement. The injector rack assembly must return to

the no-fuel position withont hesitation.

7. Repeat steps 2 through 6 on the right cylinder head
for injectors 2, 4, 6 and 8.

Fig. 3 - Left Bank Front--Right Bank Rear

© 1983 General Motors Corp.
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14.3 Injector Rack Control Adjustment

FUEL PINCHER

Governor Check and Setting
I. Remove the governor cover.

2. With the engine stopped and the governor cover
removed, place tool J 29646-A between the low-speed
spring cap and the high-speed spring plunger. Set the
idle gap to 5.5 mm (0.216"), using the gap adjusting
screw (Fig. 4).

3. Remove the 3/8" - 24 plug from the side of the
governor housing opposite the spring pack.

4. Install a 3/8"-24 bolt (with a minimum of 1-1/2
inches of thread) in the tapped plug hole and screw it
in until the gap at low-speed spring cap is reduced to
0.03 - 0.00 mm {(0.0015"-0.000")(Fig. 5).

5. Install the governor cover and torque the bolts to
10-12 Nm (7-9 1b-f1).

NOTE: The governor cover should be placed on
the governor housing with the pin of the speed
control lever projecting into the slot of the
differential lever. During cover installation, the
roll pin in the fuel shutoff control shaft must be
located between the side wall of the governor
and the stop pin in the equalizing lever. After
the cover has been installed, check operation of
speed control and fuel shutoff,

6. Subsequent control adjustments cannot be made
correctly unless the governor cover is installed. Check
the operation of the fue] shutoff.

Fig. 4 - Adjusting Governor Gap

IDLE ADJUSTMENT

T . ——

e —

GAP

Ya-24 x 3" BOLT

Fig. 5 - Setting Gap at Spring Cap

An electric shutdown solenoid is mounted on the
engine governor. The solenoid must be removed from
the governor prior to connecting the governor linkage
to the rack control shaft or engine overspeed may
occur.

This precaution is necessary because the solenoid is
designed to hold the fuel shutdown in the stop position
at all times except when the solenoid is energized. If
the injector racks are held in the full-fuel position and
connected to the governor while the shutdown is in the
stop position, the injector will be locked at full rack
{maximum fuel).

Governor Control to Injector Rack Connection

1. Secure the governor speed control (throttle) lever in
the full-fuel position.

2. Rotate the left bank injector control shaft to hold
the injector racks firmly in the full-fuel position with
the injector rack control pin J 29523. (Installed at
front on the left bank and at rear of the right bank),
Refer to Fig. 3.

3. Hold the left shaft control lever (Fig. 1), lightly in
direction toward the governor.

4. Carefully tighten the 12 point bolt in the left shaft
control lever.

Page 2
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FUEL PINCHER

Injector Rack Control Adjustment 14.3

5. Release only the governor speed control lever. Move
the speed control lever to idle and back to the full-fuel
position. A spongy action indicating yield spring action
near the full-fuel position must not be felt at the speed
control lever. The speed control lever should not return
from the full position more than 1/16”. If there is more
than a 1/16"” movement at the speed control lever,
racks must be reset to the governor.

6. Remove the injector rack control pin, J 29523,

7. Move the governor speed control lever to idle and
back to the full-fuel position. Check the injector racks
for a full-fuel position. If there is injector rack
movement, then repeat si¢ps one through seven 1o
correct.

8. Repeat steps one through seven on the right
cylinder head.

NOTE: If a bind is present, then check to see if
the governor fuel rods are free of any
interference with the cylinder head or the tubes
(Fig. 1). Also, check the locknut on the
governor fuel rods to insure it is tight.

9. Move the governor speed control lever to idle and
back to the full-fuel position.

10. Recheck each injector rack in the ieft and right
cylinder heads, If there is movement of injector racks,
loosen the Ieft or right lever bolt and repeat steps one
through seven.

11. Perform the governor shutoff lever check by
holding the lever in the stop position and check that
the injectors are in the no-fuel position.

12. Remove the long 3/8" - 24 x 3" bolt and install the
3/8" - 24 plug.

13. Install the rocker covers, breathers, etc.
14. Install the solenoid.

At this point in the Tune-Up procedure, the injector
rack adjustments are complete. Continue to Sec-
tion 1432 for the procedures of the governor
adjustment.

© 1983 General Motors Corp.
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14.3.2

LIMITING SPEED MECHANICAL GOVERNOR ADJUSTMENT

The limiting speed mechanical governor is centrally
located in the upper front section of the engine
assembly and is driven by the camshaft gear at a
speed of 1.923 times crankshaft speed. The engine fuel
supply pump is mounted on the rear of the governor
and is driven by the governor drive shaft through an
in-line coupling.

Prior to starting the engine for governor adjustment,
determine that the following assembly and/or
adjustment procedures have been completed in
conformity with current engine specifications.

1. Intake and exhaust valve clearances set.

2. Injectors timed. -

3. Injector rack control mechanism adjusted.

4. Fuel shut-off operational.

Initial Idle Adjustment
{Governor Overhaul)

I. Remove the two 5/16"-18 high-speed. spring
retainer cover boits and remove the cover.

2. Back out the buffer screw until 15 mm (5/8") of its
threads are beyond the locknut.

3. Loosen the idle-speed adjusting screw (1/47-28)
locknut and adjust the idle screw until it protrudes

ADJUSTING
SCREW

IDLE SPEED
ADJUSTING e
REW LOCK NUT 3

Fig. 1 - Adjusting Engine Idle Speed

approximately 8.75 mm (11/32") beyond the locknut
(Fig. 1).

4. Loosen the high-speed spring locknut and set the
high-speed adjusting nut 10 41.4 mm (1-5/8"). Refer
to Fig. 2.

CAUTION: Before starting an engine after an
engine speed control adjustment or after
removal of the engine governor cover and lever
assembly, the serviceman must determine that
the injector racks move to the no-fuel position
when the governor stop lever is placed in the
stop position or the solenoid is deenergized.
Engine overspeed will result if the injector racks
cannot be positioned at no fuel with the
governor stop lever. An overspeeding engine
can result in engine damage which could cause
personal injury.

5. Start the engine.

SPRING RETAINER
LOCK NUT
K»

HIGH SPEED
.3 | SPRING RETAINER |

Fig. 2 - Adjusting Maximum No-Load Engine
Speed .
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14.3.2 Limiting Speed Governor

FUEL PINCHER

ALL B2 ENGINES(N & T)
WITH LMITING SPEED GOVERNOR

RPM
RATED SPEED 3000
NO LOAD SPEED 3200 + 50

2800 -
3000 +50

6. Adjust the idle speed to 700 rpm and tighten the
Jocknut.

7. Stop the engine.

Adjust Maximum No-Load Engine Speed

All governors are properly adjusted before leaving the
factory, however, if the governor has been recondi-
tioned or replaced, and to ensure the engine speed will
not exceed the recommended no-load speed, set the
maximum no-load speed, as outlined below.

After Governor Overhaul - Replacement
Preliminary Governor Speed Adjustment

. Set the high-speed adjusting nut at 41.4 mm (I
578"y - (Fig. 2).

2. Back cut the buffer screw to avoid contact with the
equalizing lever.

3. Start the engine and increase the speed slowly by
rotating the speed control lever counterclockwise.

4. If the engine RPM’s exceed the specified no-load
speed before the speed control lever reaches the end of
its travel, back off the high-speed spring retainer
(Fig. 2) as required. The recommended no-load speed
setting is 3200 RPM for 3000 RPM and 3000 RPM for
2800 RPM rated engines.

CAUTION: No-load speed may be obtained with
only half of the speed control lever rotation.

Tune-Up Procedure
Final Governor Speed Adjustment or Check

1. Start the engine and bring it up io operating
temperatuare, Stop the engine,

2. Back out the buffer screw.

3. Attach an accurate reading tachometer.

4. Start the engine and increase the speed slowly by
rotating the speed control lever counterclockwise.

5. If the engine speed is not within the recommended
speed range {(sec Chart), turn the high-speed spring
retainer (Fig.-2), until the engine is operating at the
recommended no-load speed.

6. Tighten the locknut on the spring reatiner.

Idle Speed Adjustment (fune-Up)

With the maximum no-load speed properly set, adjust
the idle speed as follows:

1. With the engine running at normal operating
temperature and with the buffer screw backed out to
avoid contact with the equalizing lever, turn the idle
speed adjusting screw (Fig. 1) until the engine idles at
the recommended idle speed of 700 rpm.

2. Hold the idle screw and tighten the locknut.

3. Increase the engine speed the to 1500/2000 rpm,
close the throttle and recheck the idle speed.

4. Install the high-speed spring retainer cover, Instail
two 5/16"-18 x 3-1/2" cover bolts and tighten them.

‘! 5896 1

q L Gl v
Fig. 3 - Adjusting Buffer Screw

Page 2
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Limiting Speed Governor 14.3.2

Buffer Screw Adjustment

With the idle speed properly set, adjust the buiier
screw as follows:

1. With the engine running at idle speed and normal
operating temperature, turn the buffer screw in
(Fig. 3) so that it contacts the equalizer lever as lightly
as possible and still eliminates engine roll. Do not
increase the engine idle speed with the buffer screw
more than 15 RPM.

2. Recheck the maximum no-load speed. If the no-load
speed is greater than 3300 RPM for 3000 RPM rated

speed engines or 3160 RPM for 2800 RPM rated speed
engines, back off the buffer screw, as required, to
reduce the speed o ine above specifications.

3. Hold the buffer screw and tighten the 3/8"-24
locknut.

4. Check the operation of the stop lever while running
at no-load rpm with the throttle in “Run” position. If
the engine does not shut off, back out the buffer screw
until it does.

The Tune-Up is now complete and the engine can be
returned to service.

© 1983 General Motors Corp.
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l
; . LUBRICATION AND PREVENTIVE MAINTENANCE

The Lubrication and Preventive Maintenance Schedule is intended as
a guide for establishing a preventive maintenance schedule. The
suggestions and recommendations for preventive maintenance should
be followed as closely as possible to obtain long life and best
preformance from a Detroit Diesel engine. The intervals indicated on
the Chart are time or miles (in thousands) of actual operation.

MAINTENANCE SCHEDULE EXPLANATION

The time or mileage increments shown apply only to the maintenance
function described. These functions should be coordinated with other
regularly scheduled maintenance such as chassis lubrication.

Maintenance functions 1 through 5 should be performed daily. Items 6
through 10 should be performed at 6,000 mile intervals. Item 11
should be performed at 12,000 mile intervals. Items 12 through 23
should be performed at the intervals (whichever comes first, the time
or mileage increments) as shown in the Chart. Items 24 and 25 should
be performed annually.

Instructions on the pages following the Chart describe the maintenance
function involved.

© 1984 General Motors Corp. November, 1984 SEC. 15.1 Page 1




15.1

Preventive Maintenance

FUEL PINCHER

LUBRICATION AND PREVENTIVE

MAINTENANCE CHART

DAILY

Lubricating Qil

Fuel Tanks

Fuel Lines

Cooling System

Dl bl eofrof =

Turbocharger

6,000 MILE INTERVALS

Lubricating Qil {See Note Below)

R*

Lubricoting Oil Filters

R*

Air System

Drive Belts

-

3ol @| Nl e

. Air Compressor/Vacuum Pump

12,000 MILE INTERVALS

11.

Fuel Filters

|'R

6 MONTHS OR 10,000
MILE INTERVALS

L e oa e

Months

30

36

42 48 54 60

Mile In Thousands 10 20 30 40

50

60

70 80 90 100

12.

Air Cleaner

13.

Starting Motor

14.

Fuel Tanks

15.

Cooling System

16.

Exhaust System

17.

Air Compressor

18,

Radiator

19.

Qil Pressure

20.

Governor

21.

Fuel Injectors & Valve Clearonce

22.

Alternator {Battery-Charging )

23.

Engine & Transmission Mounts

ANNUALLY

m_
1

Replace

24.

Thermostats & Seals

25.

Fan

| * = Check Level Daily. Replace Qil and Filters
| Every 6,000 Miles or 200 Hours.

= Inspect, Correct or Reploce If Necessary

Page 2
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Preventive Maintenance 15.1

Item 1 - Lubricating Oil “
Check the lubricating oil level with the engine stopped.
If the engine has just been stopped, wait approximately
ten minutes to allow the oil to drain back to the oil pan.
Add the proper grade oil (refer to Section 13.3) as
required to maintain the correct level on the dipstick.

NOTE: Oil may be blown out through the
crankcase breather if the crankcase is overfilled
or engine could overspeed.

Make a visual check of all lubricating oil lines for wear
and c_haﬁng. If any indication of wear is evident, replace
the oil lines and correct the cause.

item 2 - Fuel Tanks

Keep the fuel tank filled to reduce condensation to a
minimum, Select the proper grade of fuel in accordance
with Fuel Specifications in Section 13.3, Open the
drain at the bottom of the fuel tank every other month
to drain off any water or sediment.

Every 12 months or 20,000 miles tighten all fuel tank
mountings and brackets. At the same time, check the
seal in the fuel tank cap, the breather hole in the cap
and the condition of the crossover fuel line. Repair or
replace the parts, if necessary.

Diesel Fuel Contamination

The most common form of diesel fuel contamination is
water. Water is harmful 10 the fuel system in itself, but
it also promotes the growth of mircobiological
organisms (microbes). These microbes clog fuel filters
with a “slime” and restrict fuel flow.

Water can be introduced into the fuel supply through
poor maintenance (loose or open fuel tank caps),
contaminated fuel supply or condensation.

Condensation is particularly prevalent on units which
stand idle for extended periods of time, such as marine
units. Ambient temperature changes cause condensation
in partialiy filled fuel tanks,

Water accumulation can be controlled by mixing
isopropyl alcohol (dry gas) into the fuel oil at a ratio of
one pint (.5 liter) per 125 gallons {473 liters) fuel (or
0.10% by volume).

Marine units in storage are particularly susceptible to
mircobe growth. The mircobes live in the fuel-water
interface. They need both liquids to survive. These
microbes find excellent growth conditions in the dark,
quiet, non-turbulent nature of the fuel tank.

Microbe growth can be eliminated through the use of
commerically available biocides. There are two basic
types on the market.

1. The water soluble type treats only the tank where it
is introduced. Microbe growth can start again if fuel is
transferred from a treated to an untreated tank.

TEM 1, 6, 7

“ITEM 12
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FUEL PINCHER

2. Diesel fuel soluble type, such as *“Biobor”
maanactured by U.S. Borax or equilvalent, treats rhe
Sfuel itself and therefore the entire fuel system.

Marine units, or any other application, going into
storage should be treated as follows: Add the biocide
according to the manufdcturer’s instructions. This
operation is most effective when performed as the tank
is being filled. Add dry gas in the correct proportions.

If the fuel tanks were previously filled, add the
chemicals and stir with a clean rod.

Item 3 - Fuel Lines

Make a visual check for fuel leaks at the cross-over
lines and at the fuel tank suction and return lines. Since
fuel tanks are susceptible to road hazards, leaks in this
area may best be detected by checking for accumulation
of fuel under the tanks.

ltem 4 - Cooling System

Before starting the engine each day, always check the
coolant level. Make sure the coolant covers the radiator
tubes. Add coolant as necessary. Do not overfill.

Make a visual check for cooling system leaks. Check for
an accumulation of coolant beneath the vehicle during
periods when the engine is running and when the engine
is stopped.

Item 5 - Turbocharger

Inspect the mountings, intake and exhaust ducting and
connections for leaks. Check for restrictions to air flow.
Check for unusual noise or vibration and, if excessive,
remove the turbocharger and correct the cause.

Item 6 - Lubricating Oil

Change the initial lubricating oil at approximately
6,000 mile intervals. The drain interval may be
established on. the recommendations of an independent
oil analysis laboratory or the oil supplier (based upon
the oil sample analysis) until the most practical oil
change period has been determined. Select the proper
grade of oil in accordance with the instructions given in
Lubrication Specifications in Section 13.3.

ltem 7 - Lubricating Oil Filters

Change the lubricating oil filters when the engine oil is
changed. Any deviation, such as changing filters every
other oil change, should be based on a laboratory
analysis of the drained oil and the used filter elements
to determine if such practice is practical for proper
protection of the engine.

Make a visual check of all lubricating oil lines for wear
and chafing. If any indication of wear is evident, replace
the oil lines and correct the cause.

Item 8 - Air System

Check all of the connections in the air system 1o be sure
they are tight. Check all hoses for punctures or other
damage and replace, if necessary.

item 9 - Drive Belts

New drive belts stretch during the first few hours of
operation. Run the engine 30 seconds, to seat the belts
and readjust the tension. Then, check the belts and
retighten fan drive, pump drive and battery-charging
alternator drive belts after 250 miles of operation.
Thereafter, check the tension of the drive belts at the
intervals shown in the Chart. Too tight a beit is
destructive to the bearings of the driven part, a loose
belt will slip.

Replace all belts in a set when one is worn. Single belts
of similar size should not be used as a substitute for a
matched belt set; premature belt wear can result
because of belt length variation. All belts in a matched
belt set are within .81 mm (.032”) of their specified
center distances.

Adjust the belt tension using belt tension gage J 23600-
B or equivalent. Adjust the belt tension as outlined per
belt tension Chart.

Item 10 - Air Compressor/Vacvum Pump

Remove and clean air compresser air intake parts. To
clean either the hair or polyurethane type element,
saturate and squeeze it in fuel oil, or any other cleaning
agent that would not be detrimental to the element,
until dirt free. Then, dip in lubricating oil and squeeze
dry before placing the element back in the air strainer.

For replacement of the air strainer element, contact the
air compressor manufacturer/dealer.

Page 4

© 1984 General Motors Corp.




FUEL PINCHER

Preventive Maintenance 15.1

Item 9 Items 10, 17 Item 11

Alternator Drives Fan/Accy. Drives

One Two
1/2" Belt 1/2" Belt One 1/2" Belt
60 * 10 45X 5 90 * 10

BELT TENSION CHART (ibs/belt)

Inspect the vacuum pump oil supply, oil return and
vacuum lines and replace, if necessary.

Item 11 - Fuel Filters

Install new strainer and filter at the intervals shown in
the chart, or when plugging is indicated.

A method of determining when elements are plugged to
the extent that they should be changed is based on the
inlet restriction at the fuel pump. In a clean system, the
maximum pump inlet restriction must not exceed 6
inches of mercury. Change the fuel filter elements
whenever the inlet restriction (suction) at the fuel pump

reaches 12 inches of mercury at normal operating
speeds.

Item 12 - Air Cleaner

Inspect and service the air cleaner element every 20,000
miles, or more often if the engine is operated under
severe dust conditions. Check the gaskets for deteriora-
tion and replace, if necessary. If the dry type air cleaner
is equipped with an aspirator, check for aspirator
damage or clogging. Clean and repair as necessary.

Under no engine operating conditions should the air
inlet restriction exceed 20 inches of water. A clogged
air cleaner element will cause excessive intake retriction
and a reduced air supply to the engine.

item 13 - Starting Motor

Starting motors which are provided with lubrication
fittings (grease cups, hinge cap oilers, or oil tubes sealed
with pipe plugs) should be lubricated at the intervals
shown on the Chart. Add 8 to 10 drops of oil, of the
same grade as used in the engine, to hinge cap oilers; if
sealed tubes are provided, remove the pipe plugs add oil

© 1984 General Motors Corp.
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and reseal the tubes. Grease cups should be turned
down one turn. Reéfill the grease cups, if necessary.
However, scme starting motors do net require
lubrication except during overhaul.

Item 14 - Fuel Tanks

Check all fuel tank mountings and brackets and tighten
or replace as necessary. At the same time, check the
seal in the fuel tank cap, the breather hole in the cap,
and the condition of the cross-over fuel line. Repair or
replace the parts as necessary.

Item 15 - Cooling System

Check the cooling system hoses for deterioration or
damage and replace, if necessary. Check all of the hose
clamps to make sure they are tight and properly seated
on the hoses.

Item 16 - Exhoust System

Check the exhaust manifold retaining bolts, exhaust
flange clamp and other connections for tightness. Check
for proper operation of the exhaust pipe rain cap, if one
is used.

ITEM 13

Item 17 - Air Compressor

Check the air compressor mounting bolts and tighten, if
necessary. Check the drive belts for proper tension.

tem 18 - Radiator

nspect the exterior of the radiator core and steam clean
it, if necessary.

NOTE: Never use fuel oil, kerosene or petroleum
base solvents for cleaning since they may leave
an oil film on the radiator fins.

Item 19 - Oil Pressure

Under normal operation, oil pressure is noted each time
the engine is started. In the event the engine is equipped
with warning lights rather than pressure indicators, the
pressure should be checked and recorded at the interval
indicated.

iTEM 16

Page 6
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Preventive Madaintenance 15.1

ITEM 22

. -_\\

T-\;

-

Ns5:75 0

Item 20 - Governor

Check and record the engine idle speed and no-load
speed. Adjust as necessary.

An idle speed lower than recommended will cause the
engine to be accelerated from a speed lower than the
speed at which the engine was certified and may result
in engine stalling.

A no-load speed higher than recommended will result in
a full-load speed higher than rated and higher than the
speed at which the engine was certified.

Item 21 - Fuel Injectors

Check the injector timing and intake and exhaust valve
clearances. The proper adjustment of the injectors is of
primary importance to emission control.

Item 22 - Alternator (Battery-Charging)

Check the alternator mounting bracket bolt torques and
tighten if necessary, Check drive belts for proper belt
tension.

ltem 23 - Engine and Transmission Mounts

Check the engine and transmission mounting bolt
torques and the condition of the mounting pads. Tighten
and repair, as necessary.

ltem 24 - Thermostats

Check the thermostats (preferably at the time the
cooling system is prepared for winter operation).

ltem 25 - Foan

Check the cooling fan mounting bolt torques and
tighten, if necessary. In installations where a viscous fan
clutch is used, inspect and replace, if necessary. Tighten
viscous fan clutch mounting bolts, if necessary.

© 1984 General Motors Corp.
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15.2

TROUBLE SHOOTING

Certain abnormal conditions which sometimes inter-
fere with satisfactory engine operation, together with
methods of determining the cause of such conditions,
are covered on the following pages.

Satisfactory engine operation depends primarily on:

l. An adequate supply of air compressed 10 a
sufficiently high compression pressure.

2. The injection of the proper amount of fuel at the
right time.

Lack of power, uneven running, excessive vibration,
stalling at idle speed and hard starting may be caused
by either low compression, faulty injection in one or
more cylinders, or lack of sufficient air or other causes.

Since proper compression, fuel injection and the
proper amount of air are important to good engine
performance, detailed procedures for their investi-
gation are given as follows:

Locating a Misfiring Cylinder
I. Start the engine with the rocker cover removed.

2. Position and secure the governor control lever in the
idle position.

3. Using flooding bar J 29522, push the injector
control levers into full fuel one at a time. Hold the
respective injector in the full fuel position for 3 to 6
seconds and observe the performance of the engine.

4. If the cylinder that is being “flooded” with fuel is
firing, there will be a noticeable and quick increase in
RPM. A ““dead” cylinder will show little or no change
in RPM.

CAUTION: Do not “short out” the injector
because the push rod may leave the engine and
cause injury.
5. If the cylinder is stil} misfiring, check the following;
a. Check individual rack lever settings compared to
others when at full fuel position. Adjust if
necessary.
b. Check the injector timing (refer to Section 14.2).

c. Install a new injector.

d. If the cylinder still misfires, remove the cam
follower (refer to Section 1.2.1) and check for a

worn cam roller, camshaft lobe, bent push rod or
worn rocker arm bushings.

Cylinder leakage Test

Loss of compression in diesel engines derives from a
variety of sources, including worn or broken piston
rings, holes in pistons, leaky valves, scored or worn
cylinder walls. The "detection, and elimination of the
cause or causes of cylinder pressure losses are vital to
engine life and efficient operation.

Before the cylinder leakage test is run, the engine
should be operated to warm it up. Next, shut the
engine off and secure the governor stop lever in a no-
fuel postion. Remove the air cleaners crankcase
breather hose, and radiator cap. As air pressure is
applied externally to a cylinder under test, any leak in
the cylinder will become traceable elsewhere in the
engine. The cylinder leakage tester will not indicate
the condition of oil control rings, but it will indicate
the condition of compression rings. Illustration of
cylinder leakage tester shown in Fig. 1.

1. To check for cylinder leakage run the engine until it
warms up. A cold engine will leak a lot worse because
the compression rings depend partially on a hydraulic
seal.

2. Drain the cylinder head fuel galleries. Refer to
Section 2.1.1.

3. Remove the rocker covers, crankcase breather hose,
air cleaner, and radiator cap.

REGULATED
PRESSURE GAGE

CYLINDER
PRESSURE GAGE

PRESSURE
REGULATOR

(TO BE
SUPPLIED
BY CUSTOMER)

ORIFICE
{.040" DIA.)

AlIR
INLET

INJECTOR
ADAPTOR
J-29008-y

Fig. 1 - Cylinder Leakage Tesier J 29006
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15.2  Trouble Shooting (Engine)

4. Secutre the governor stop lever in a no-fuel position.
Then rotate the crankshaft using a suitable barring
tool untit the injector cam follower descends 36 mm
(.141") on the cylinder to be tested. Now the piston in
that cylinder has been positioned at TDC.

5. Remove the injector and valve rocker arm assembly.

6. Remove the injector and insert Tool J 29006-1
cylinder leakage adaptor into the hole wbe. Using the
injector hold down bolts, secure the adaptor in place
and tighten the hold down bolts to 10-12 Nm (7-8 Ib-
ft) torque.

- NOTE: Do not exceed the torque specifications.

7. Connect a suitable air source to the regulator “IN”
port.

NOTE: Air supply for the tester should be clean
and free from oil, moisture an/or foreign
particles that might be injected into the
regulator or orifice chamber can cause im-
proper operation and erroneous readings.
Desired regulator “IN” pressure 689-861 kPa
(100-125 psi) max. 1034 kPa (150 psi).

8. Connect the cylinder leakage adaptor air line 1o the
F 29006 cylinder leakage tester.

9. Slowly adjust regulated air pressure to 552 kPa (80
psi). Observe the crankshaft during this operation. If
the crankshaft tends to rotate, the piston was not at
TDC. Release air pressure and rotate the crankshaft in
a clockwise direction until the piston is at TDC.

NOTE: Piston must be at TDC when performing
a cylinder leakage test.

CYLINDER GAGE READING

1 75

.2

TABLE 1

10. Allow approximately 60 seconds for the air
pressure in the cylinder to stabilize. Observe the
cylinder pressure gage and record the pressure as
indicated in the example in Table 1.

11. Listen for escaping air at the air inlet, crankcase
breather hose, exhaust outlet and look for air bubbles
in the radiator coolant (see Trouble Shooting Chart).

12. A good cylinder should maintain 386 kPa (56 psi)
or - more pressure on the cylinder pressure gage.
Cylinders must maintain a minimum of at least 331
kPa (48 psi). Any cylinder that does not maintain a
minimum of 331 kPa (48 psi) must be investigated to
see where leakage exists. If a cylinder s found to have
excessive leakage, bar the crankshaft over two
revolutions and recheck the cylinder.

13, Repeat the procedure on the other cylinders.

NOTE: Due to standard engine clearances and
normal wear, no cylinder is expected to
maintain 5527552 kPa {80/80 psi).

Engine Out of Fuel

The problem in restarting an engine after it has run
out of fuel stems from the fact that after the fuel is
exhausted from the fuel tank, fuel is then pumped
from the primary fuel strainer and sometimes partially
removed from the secondary fuel filter before the fuel
supply becomes insufficient to sustain engine finng.
Consequently, these components must be refilled with
fuel and the fuel pipes rid of air in order for the
system to provide adequate fuel for the injectors.

When an engine has run out of fuel, there is a definite
procedure to follow for restarting it:

1. Fill the fuel tank with the recommended grade of
fuel oil. If only partial filling of the tank is possible,
add a minimum of 38 liters (ten gallons) of fuel.

2. Remove the fuel strainer shell and element from the
strainer cover and fll the shell with fuel oil. Install the
shell and element.

3. Remove and fill the fuel flter shell and element
with fuel oil as in Step 2. ‘

4, Start the engine. Check the filter and strainer for
leaks. .

A primer J 5956 may be used to prime ihe entire fuel
system. Remove the filler plug in the fuel filter cover
and install the primer. Prime the system. Remove -the
primer and install the filler plug.

Page 2
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Trouble Shooting (Engine) 15.2

Fuel Flow Test

The proper flow of fuel is required for satisfactory
engine operation. Check the condition of the fuel
pump, fuel strainer and fuel filter as outlined in

Section 2.0 under Trouble Shooting.

Crankcase Pressure

The crankcase pressure indicates the amount of air
passing between the oil control rings and the cylinder
walls into the crankcase, most of which is clean air. A
loss of engine lubricating oil through the breather
tube, crankcase ventilator or dipstick hole in the
cylinder head is indicative of excessive crankcase
pressure.

The causes of high crankcase pressure may be traced
to excessive blow-by due to worn piston rings, a hole
or crack in a piston crown, scuffed or scored cylinder
block bore and piston, or excessive exhaust back
pressure. Also, the breather tube or crankcase venti-
lator should be checked for obstructions.

Check the crankcase pressure with a manometer
connected to the oil level dipstick opening in the
cylinder head. Check the readings cbtained at various
engine speeds with the Engine Operating Conditions in
Section 13.2.

Exhaust Back Pressure

A slight pressure in the exhaust system is nermal.
However, excessive exhaust back pressure seriously
affects engine operation,

Causes of high exhaust back pressure are usually a
result of an inadequate or improper type of muffler,
an exhaust pipe which is too long or too small in
diameter, an excessive number of sharp bends in the

exhaust system, or obstructions such as excessive
carbon formation or foreign matter in the exhaust

system.

Check the exhaust back pressure, measured in inches
of mercury, with 2 manometer.

On turbocharged engines, check the exhaust back
pressure in the exhaust piping 6" to 12" from the
turbine outlet.

Check the readings obtained at various speeds {at no-
load) with the Engine Operating Conditions in
Section 13.2.

Air Iniet Restriction

Excessive restriction of the air inlet will affect the flow
of air to the cylinders and result in poor combustion
and lack of power. Consequently the restriction must
be kept as low as possible considering the size and
capacity of the air cleaner.

Check the air inlet restriction with a water manometer
connected to a fitting in the air inlet ducting located
2" above the air inlet housing (non-turbecharged
engines) or the compressor inlet (turbocharged
engines). When practicability prevents the insertion of
a fitting at this point (non-turbocharged engines), the
manometer may be connected to the engine air inlet
housing. The restriction at this point should be
checked at a specific engine specd. Then the air
cleaner and ducting should be removed from the air
inlet housing and the engine again operated at the
same speed while noting the manometer reading.

The difference between the two readings, with and
without the air cleaner, is the actual restriction caused
by the air cleaner.

Check the normal air iniet vacuum at various speeds
(at no-load) and compare the results with the Engine
Operating Conditions in Section 13.2,

© 1983 General Motors Corp.
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PROPER USE OF MANOMETER

PRESSURE CONVERSION CHART

1" water = .0735" mercury
1" water = .0361 psi

1" mercury = 13.6000" water
1” mercury = A910 psi

1 psi = 27.7000" water
1 psi = 2.0360" mercury
1 psi = 6.895 kPa

1 kPa = 145 psi

TABLE 2

The U-tube manometer is a primary measuring device
indicating pressure or vacuum by the difference in the
height of two columns of fluid.

Connect the manometer to the source of pressure,
vacuum or differential pressure. When the pressure is
imposed, add the number of inches one column of
fluid travels up to the amount the other column travels
down 1o obtain the pressure (or vacuum) reading.

The height of a column of mercury is read differently
than that of a column of water. Mercury does not wet
the inside surface; therefore, the top of the column
has a convex meniscus (shape). Water wets the surface
and therefore has a concave meniscus. A mercury
column is read by sighting horizontally between the

T ———] ,‘

HEIGHT
S OF

/_\ COLUMMN

| Ha | H20

TOP SURFACE OF FLUIDS 18
CONCAVE FOR WATER

CONVEX FOR MERCURY

Fig. 2 - Comparison of Column Height for
Mercury and Water Manometers

top of the convex mercury surface (Fig. 2) and the
scale. A water manometer is read by sighting horizon-
tally between the bottom of the concave water surface
and the scale.

Should one column of fluid travel further than the
other column, due te minor variations in the inside
diameter of the tube or to the pressure imposed, the
accuracy of the reading obtained is not impaired.

Refer to Table 2 to convert the manometer reading
into other units of measurement.

Page 4
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Trouble Shooting {(Engine) 15.2

Chart 1

EXHAUST SMOKE ANALYSIS

MAKE CHECKS WITH MINIMUM WATER OUTLET TEMPERATURE OF 71°C (160°F)

T

rProhublo Cavses ]

[

BLACK OR GREY SMOKE

BLUE SMOKE

I;Chock For ]

L Check For J

1. INCOMPLETELY BURNED FUEL 4. LUBRICATING OIL NOT BURNED
I IN CYLINDER
2. EXCESSIVE FUEL OR IRREGULAR
FUEL DISTRIBUTION
I
3. IMPROPER GRADE OF FUEL |
| WHITE SMOKE
.
Check For
| I
5. MISFIRING CYLINDERS

SUGGESTED

1. High exhaust back pressure or a restricted air inlet
causes insufficient air for combustion and will result in
incompletely burned fuel.

High exhaust back pressure is caused by faulty exhaust
piping or muffler obstruction and is measured at the
exhaust manifold outlet with a manometer. Replace
faulty parts.

Restricted air inlet to the engine cylinders is caused by
a clogged air cleaner. Clean the air cleaner.

2. Check for improperly timed injectors and
improperly positioned injector rack control levers.
Time the fuel injectors and perform the appropriate
governor tune-up.

REMEDY
Replace faulty injectors if this condition still persists
after timing the injectors and performing the engine

tune-up.

3. Check for use of an improper grade of fuel. Refer
to Fuel Qil Specifications in Section 13.3.

4, Check for internal lubricating oil leaks.
5. Check for faulty injectors and replace as necessary.

Check for low compression and consult the Hard
Starting chart.

The use of low cetane fuel will cause this condition.
Refer to Fuel Qil Specifications in Section 13.3.

© 1981 General Motors Corp.

January, 1981 SEC.15.2 Page5b



15.2  Trouble Shooting (Engine) FUEL PINCHER

Chart 2
HARD STARTING
1
| Probable Causes |
ENGINE WILL NOT ROTATE LOW COMPRESSION
| Check For | | Check For |
’
1. LOW BATTERY VOLTAGE, 9. EXHAUST VALVES STICKING 1
LOOSE STARTER CONNECTIONS OR BURNED |
OR FAULTY STARTER I |
l 1
[2- DEFECTIVE STARTING MOTOR SWITCH | 10. COMPRESSION RINGS WORN |
L EN [
|3. INTERNAL SEIZURE R OR BROK I |
I
) 11. CYLINDER HEAD !:
| GASKET LEAKING |
LOW CRANKING SPEED 12. IMPROPER VALVE N
| CLEARANCE ADJUSTMENT
| Check For |
4. IMPROPER LUBRICATING OIL 1
VISCOSITY
| e
[ 5. LOW BATTERY OUTPUT ]
B :
6. LOOSE STARTER CONNECTIONS
OR FAULTY STARTER
Il J \
INOPERATIVE STARTING AID
NO FUEL AT LOW AMBIENT TEMP. ;
l | k
[ Check For | [ Check For |
‘ |
7. AIR LEAKS. FLOW OBSTRUCTION. 13. IMPROPER OPERATION OF
FAULTY FUEL PUMP. FLUID STARTING AID
FAULTY INSTALLATION.

8. INJECTOR RACKS NOT IN
FULL-FUEL POSITION

Page 6 © 1981 General Motors Corp.
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FUEL PINCHER

Trouble Shooting (Engine) 15.2

Chart 2

HARD STARTING

I. Refer to Items 2, 3 and 5 and perform the
operations listed.

2. Replace the starting motor switch.

3. Hand crank the engine at least two complete
revolutions. If the engine cannot be rotated a complete
revolution, internal damage is indicated and the
engine must be disassembled to ascertain the extent of
damage and the cause.

4, Refer to Lubricating Oil Specifications in Sec-
tion 13.3 for the recommended grade of oil.

5. Recharge the battery if* a light load test indicates
low or no voltage. Replace the battery if it is damaged
or will not hold a charge.

Replace terminals that are damaged or corroded.

6. Tighten the starter connections. Inspect the starter
commutator and brushes for wear. Replace the brushes
if badly worn and overhaul the starting motor if the
commutator Is damaged.

SUGGESTED REMEDY

7. To check for air leaks, flow obstruction, faulty fuel
pump or faulty installation. consult the No Fuel or
Insufficient Fuel chart.

8. Check for bind in the governor-to-injector linkage.
Readjust the governor and injector controls if
nEecessary.

9. Remove the cylinder head and recondition the
valves.

10. Inspect the cylinder bores for scratches, gouges. €ic.
Remove the pistons and overhaul the defective
cylinder bores and piston assemblies.

11. To check for compression gasket leakage, remove
the coolant filier cap and operate the engine. A steady
flow of gases from the coolant filler indicates either a
cylinder head gasket is damaged or the cylinder head
is cracked. Remove the cylinder head and replace the
gaskets or cylinder head.

12. Adjust the valve clearance.

13. Operate the starting aid according 10 the
instructions under Cold Weather Starting Aids.

© 1984 General Motors Corp.
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15.2  Trouble Shooting (Engine)

FUEL PINCHER

Chart 3

ABNORMAL ENGINE OPERATION

| Probable Causes |

UNEVEN RUNNING OR.
FREQUENT STALLING

{ Chock For |
[

| 1. LOW COOLANT TEMPERATURE

LACK OF POWER

| Check For |

. IMPROPER ENGINE ADJUSTMENTS
(TUNE-UP) AND GEAR TRAIN TIMING

j| T
| 2. INSUFFICIENT FjEL [8. INSUFFICIENT FUEL l
I
[ 3 FAULTY INJECTOIRS [9. INSUFFICIENT AIR I
| 4. LOW COMPRESSION PRESSURES [10. ENGINE APPLICATION ]
5. GOVERNOR INSTABILITY |

(HUNTING)

6. BROKEN VALVE SPRINGS
(CYLINDER MISFIRE)

. HIGH RETURN FUEL TEMPERATURE I

. HIGH AMBIENT AIR TEMPERATURE |

S

. HIGH ALTITUDE OPERATION

I

. INCORRECT INJECTOR OUTPUT

DETONATION

| Check For |

[15. OIL PICKED UP BY AIR STREAM |

|16. LOW COOLANT TEMPERATURE |

[l17. FAULTY INJECTORS ]

Page g
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FUEL PINCHER

Chart 3

Trouble Shooting (Engine) 15.2

ABNORMAL ENGINE OPERATION

1. Check the engine coolant temperature gage and if
the temperature does not reach 77° to 90°C (170° to
195°F) while the engine is operating, consuit the Ab-
normal Engine Coolant Temperature chart.

2. Check engine fuel spill back and if the return is less
than specified, consult the No Fuel or Insufficient Fuel
chart.

3. Check the injector timing and the position of the
injector racks. If the engine was not tuned correctly,
perform an engine tune-up. Erratic engine operation
may also be caused by leaking injector spray tips.
Replace the faulty injectors.

4. Check the compression pressures within the cylinder
and consult the Hard Starting chart if compression
pressures are low.

5. Erratic engine operation may be caused by governor-
to-injector operating linkage bind or by faulty engine
tune-up. Perform the appropriate engine tune-up proce-
dure as outlined for the particular governor used.

6. Inspect all intake and exhaust valve springs for coil
breakage and proper valve lash.

7. Check the engine gear train timing. An improperly
timed gear train will result in a loss of power due to
the valves and injectors being actuated at the wrong
timte in the engine’s operating cycle.

8. Perform a Fuel Fiow Test and, if less than the speci-
fied fuel is returning to the fuel tank, consult the No
Fuel or Insufficient Fuel chart.

9. Check for damaged or dirty air cleaner and clean,
repair or replace damaged parts.

SUGGESTED REMEDY

Check for air intake obstruction or high exhaust back
pressure. Clean, repair or replace faulty parts.

Check the compression pressures {consult the Hard
Starting chart).

10. Incorrect operation of the engine may result in
excessive loads on the engine. Operate the engine ac-
cording to the approved procedures outlined in the
Owner Operator Handbook.

11. Refer to Item 13 on Chart 4.

12. Check the ambient air temperature. A power
decrease of .15 to .50 horsepower per cylinder, depend-
ing upon injector size, for each 6°C (10°F) temperature
rise above 32°C (90°F) will occur. Relocate the engine
air intake to provide a cooler source of air.

13. Engines lose horsepower with increase in altitude.
The percentage of power loss is governed by the altitude
at which the engine is operating.

14. Check injector output. Refer to Section 2.0, Chart 3.

15. Check the oil level, turbo seals and crankcase
breathing system.

16. Refer to item 1 of this chart.

17. Check injector timing and the position of each
injector rack. Perform an engine tune-up, if necessary.
If the engine is correctly tuned, the erratic operation
may be caused by an injector check valve leaking, spray
tip holes enlarged or a broken spray tip. Replace faulty
injectors.

2 1984 General Motors Corp.
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15.2  Trouble Shooting (Engine) FUEL PINCHER

P e e T T T

Chart 4 ‘
NO FUEL OR INSUFFICIENT FUEL
[ Probable Causes |
i
:
AIR LEAKS FAULTY FUEL PUMP |
| Check For B | Check For ] {
|
|1. LOW FUEL SUPPLY ] (7. RELIEF VALVE NOT SEATING | |
2. LOOSE CONNECTIONS OR CRACKED | 8. WORN GEARS OR PUMP BODY |
LINES BETWEEN FUEL PUMP AND T
TANK OR SUCTION LINE IN TANK
] | 9. FUEL PUMP NOT ROTATING |
3. DAMAGED FUEL OIL STRAINER
GASKET l
. I FAULTY INSTALLATION
4. FAULTY INJECTOR TIP ASSEMBL ——
L 5 Y J | Check For |
| S
10. DIAMETER OF FUEL SUCTION
LINES TOO SMALL
I =;
FLOW OBSTRUCTION 11. RESTRICTED FITTING |
1 MISSING FROM RETURN LINE |
[ Check For | ] {
1 12, INOPERATIVE FUEL INTAKE
[5. FUEL STRAINER OR LINES RESTRICTED] LINE CHECK VALVE
6. TEMPERATURE LESS THAN 10 °F. (6 °C 13. HIGH FUEL RETURN
ABOVE POUR POINT OF FUEL TEMPERATURE ‘

Page 10 © 1984 General Motors Corp.



FUEL PINCHER

Trouble Shooting (Engine] 15.2

Chart 4

NO FUEL OR INSUFFICIENT FUEL

1. The fuel tank should be filled above the level of the
fuel suction tube.

2. Perform a Fuel Fiow Test and, if air is present,
tighten loose connections and replace cracked lines.

3. Perform a Fuel Flow Test and, if air is present,
replace the fuel strainer gasket when changing the
strainer element.

4. Perform a Fuel Flow Test and, if air is present with
all fuel lines and connections assembled correctly,
check for and replace faulty injectors.

5. Perform a Fuel Flow Test and replace the fuel
strainer and filter elements and the fuel lines, if
necessary,

6. Consult the Fuel Oil Specifications for the
recommended grade of fuel.

7. Perform a Fuel Flow Test and, if inadequate, clean
and inspect the valve seat assembly.

SUGGESTED REMEDY

8. Replace the gear and shaft assembly or the pump
body.

9. Check the condition of the fuel pump drive and
replace defective parts.

10. Replace with larger tank-to-engine fuel lines.
11. Install a restricted fitting in the return line.

12. Make sure that the check valve is installed in the
line correctly; the arrow should be on top of the valve
assembly or pointing upward. Reposition the valve if
necessary. If the valve Is inoperative, replace it with a
new valve assembly.

13. Check the engine fuel spill-back temperature. The
return fuel temperature must be less than 150 °F
(66 °C) or a loss in horsepower will occur. This
condition may be corrected by installing larger fuel
lines or relocating the fuel tank to a cooler position.

© 1983 General Motors Corp.
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15.2  Trouble Shooting (Engine) | FUEL PINCHER

Chart 5
HIGH LUBRICATING OIL CONSUMPTION
{__Probable Causes |
J
EXTERNAL LEAKS OIL CONTROL AT CYLINDER
[ Check For | [ _Check For | l
U. OIL LINES OR CONNECTIONS LEAKING | 5. OIL CONTROL RINGS WORN, BROKEN ]
) OR IMPROPERLY INSTALLED .
{2. GASKET OR OIL SEAL LEAKS ] I '
6. SCORED CYLINDER BORES, PISTONS 1
(3. HIGH CRANKCASE PRESSURE ] OR OIL RINGS 1
{ 7. PISTON AND ROD ALIGNMENT ] {
[8_EXCESSIVE INSTALLATION ANGLE ] i
INTERNAL LEAKS I |
T l'9. EXCESSIVE OIL IN CRANKCASE ] ‘
| Check For | "
!
[4. OIL COOLER CORE LEAKING ] j
‘-i
{
)
SUGGESTED REMEDY
I. Tighten connections or replace defective parts. 5. Replace the oil control rings.
2. Replace defective gaskets or oil seals. 6. Remove and replace the defective parts.
3. Refer to the Excessive Crankcase Pressure chart. 7. Check the crankshaft thrust bearing for wear.

Replace worn and defective parts.
4. Refer to the Abnormal Engine Operation chart. . .
& # 8. Decrease the installation angle.
Inspect the engine coolant for lubricating oil .
S . . he proper level only.
contamination; if comtaminated, replace the oil cooler 9. Fill the crankcase to the prop y
core. Then use a good grade of cooling system cleaner
to remove the oil from the cooling system.

Page 12 ® 1983 General Motors Corp.




FUEL PINCHER

Trouble Shooting (Engine) 15.2

Chart 6 EXCESSIVE CRANKCASE PRESSURE

Frobuble Cuuses.j

r

CYLINDER BLOW-BY

|

r Check For

|

1. SCUFFED OR SCORED
CYLINDER BORE

2. PISTON DAMAGED

3. PISTON RINGS
WORN OR BROKEN

r
BREATHER RESTRICTION

1

r Chock For

4. OBSTRUCTION OR
DAMAGE TO BREATHER

|
EXCESSIVE EXHAUST

BACK PRESSURE

Check For

I

5. EXCESSIVE MUFFLER
RESISTANCE

6. FAULTY EXHAUST PIPING J

1. Check cylinder leakage and if a cylinder has exces-
sive leakage, remove the cylinder head and piston
assembly and inspect for scuffing or scoring in the
cylinder block bore.

2. Inspect the piston and replace damaged parts.

3. Install new piston rings.

SUGGESTED REMEDY

4. Clean and iepair or replace the breather assembly.

5. Check the exhaust back pressure and repair or
replace the muffler if an obstruction is found.

6. Check the exhaust back pressure and install larger
piping if it is determined that the piping is too small,
too long or has too many bends.

© 1983 General Motors Corp.
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15.2 Trouble Shooting (Engine) . FUEL PINCHER

Chart 7
LOW OIL PRESSURE
MAKE CHECKS WITH MINIMUM WATER OUTLET TEMPERATURE
OF 160 °F. (71 °C.)
1
| Probable Causes |
LUBRICATING OIL : PRESSURE GAGE
l : l
[ Check For | | _Check For |
[1. SUCTION LOSS ] (8. FAULTY GAGE ]
[2. LUBRICATING OIL VISCOSITY | |- GAGE LINE OBSTRUCTION |
[10. GAGE ORIFICE PLUGGED |
il
11. ELECTRICAL INSTRUMENT
PANEL SENDING UNITS FAULTY
POOR CIRCULATION

[ Check For |

OIL PUMP

[3. COOLER CLOGGED !

I

4. COOLER BY-PASS VALVE NOT
FUNCTIONING PROPERLY

|
| Check For |

l 12. INTAKE SCREEN PARTIALLY

5. PRESSURE REGULATOR CLOGGED
VALVE NOT J
FUNCTIONING PROPERLY (13 RELIEF VALVE FAULTY |
6. EXCESSIVE WEAR ON [14. AIR LEAK IN PUMP SUCTION ]
CRANKSHAFT BEARINGS |

I - {15, PUMP WORN OR DAMAGED |
7. GALLERY PLUGS MISSING ]

[16. FLANGE LEAK (PRESSURE SIDE) |

SEC. 15.2 Page 14 © 1983 General Motors Corp.
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Trouble Shooting (Engine) 15.2

Chart 7

LOW OIL PRESSURE

1. Check the oil and bring it to the proper level on the
dipstick or correct the installation angle.

2. Consult the Lubricating Oil Specifications in
Section 13.3 for the recommended grade and viscosity
of il

Check for fuel leaks at the injector nut seal ring, A
leak here will cause lubricating oil dilution. Refer to
Fuel Leak Detection in Section 2.0.

3. A plugged oil cooler is indicated by excessively high
lubricating oil temperature. Remove and clean the oil
cooler core.

4. Remove the by-pass valve and clean the valve and
valve seat and inspect the valve spring. Replace
defective parts.

5. Remove the pressure regulator valve and clean the
valve and valve seat and inspect the valve spring.
Replace defective parts.

6. Change the bearings. Consult the Lubricating OH
Specifications in Section 13.3 for the proper grade and
viscosity of oil. Change the oil filters.

SUGGESTED REMEDY

7. Replace missing plugs.

8. Check the oil pressure with a reliable gage and
replace the gage if found fauity.

9. Remove and clean the gage line: replace it, if
necessary.

10. Remove and clean the gage orifice.

11. Repair or replace defective electrical equipment.
12. Remove and clean the oil pan and oil intake
screen. Consult the Lubricating Oil Specifications in
Section 13.3 for the proper grade and viscosity of oil.
Change the il filters.

13. Remove and inspect the valve, valve bore and
spring. Replace faulty parts.

14. Disassemble the piping and install new gaskets.

i5. Remove the pump. Clean and replace defective
parts.

16. Remove the flange and replace the gasket.

® 1979 General Motors Corp.

SEC. 15.2 Page'l5



15.2 Trouble Shooting (Engine)

FUEL PINCHER

Chart 8

ABNORMAL ENGINE COOLANT
OPERATING TEMPERATURE

T

Probable Causes

-

1

ABOVE NORMAL

BELOW NORMAL

r Check For J
|

| Check For ]

1. INSUFFICIENT HEAT
TRANSFER

[ 2. POOR CIRCULATION B

3. IMPROPER CIRCULATION

4. EXCESSIVE LEAKAGE
AT THERMOSTAT SEAL

I. Clean the cooling system with a good cooling system
cleaner and thoroughly flush to remove scale deposits.

Clean the exterior of the radiator core to open plugged
passages and permit normal air flow.

Adjust fan belts to the proper tension to prevent
siippage.

Check for an improper size radiator or inadequate
shrouding.

Repair or replace inoperative temperature-controlled
fan or inoperative shutters.

2. Check the coolant level and fill to the filler neck il
the coolant level is low.

Inspect for collapsed or disintegrated hoses. Replace
faulty hoses.

Thermostat may be inoperative. Remove, inspect and
test the thermostat; replace if found faulty.

SUGGESTED REMEDY—

Check the water pump for a loose or damaged
impeller. ‘

Check the flow of coolant through the radiator. A
clogged radiator will cause an inadequate supply of
coolant on the suction side of the pump. Clean the
radiator core.

Remove the coolant filler cap and operate the engine,
checking Tor combustion gases in the cooling system.
The cylinder head must be removed and inspected for
cracks and the head gaskets replaced if combustion
gases are entering the cooling system.

Check for an air leak on the suction side of the water
pump. Replace defective parts.

3. Thg thermostat may not be closing. Remove, inspect
and test the thermaostat. Install a new thermostat, if

necessary.

Check for an improperly installed heater.

SEC. 15.2 Page 16
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FUEL PINCHER

15.3

STORAGE

PREPARING ENGINE FOR STORAGE

When an engine is to be stored or removed from
operation for a period of time, special precautions
should be taken to protect the interior and exterior of
the engine, transmission and other parts from rust
accumulation and corrosion. The parts requiring
attention and the recommended preparations are given
below.

It will be necessary to remove all rust or corrosion
completely from any exposed part before applying a

rust preventive compound. Therefere, it is recommended
that the engine be processed for storage as socon as
possible after removal from operation.

The engine should be stored in a building which is dry
and can be heated during the winter months. Moisture
absorbing chemicals are available commercially for use
whern excessive dampness prevails in the storage area.

TEMPORARY STORAGE (30 days or less)

To protect an engine for 30 days or less, proceed as
follows:

1. Drain the engine crankcase.

2. Fill the crankcase to the proper level with the
recommended viscosity and grade of oil.

3. Fill the fuel tank with the recommended grade of
fuel oil. Operate the engine for two minutes at 1200
rpm and no load.

NOTE: Do not drain the fuel system or the
crankcase after this run.

4. Check the air cleaner and service it, if necessary, as
outlined in Section 3.1.

5. If freezing weather is expected during the storage
period, add an ethylene glycol base antifreeze solution
in accordance with the manufacturer’s
recommendations.

6. Clean the outside of the engine (except the electrical
system) with fuel oil and dry it with compressed air.

7. Seal all of the engine openings. The material used for
this purpose must be waterproof, vaporproof and possess
sufficient physical stremgth to resist puncture and
damage from the expansion of entrapped air.

An engine prepared in this manner can be returned to
service in a short time by removing the seals at the
engine openings, checking the engine coolant, fuel oil,
lubricating oil and transmission,

EXTENDED STORAGE (more than 30 days)

To prepare an engine for extended storage (more than
30 days) follow this procedure:

1. Drain the cooling system and flush with clean, soft
water. Refill with clean, soft water and add a rust
inhibitor to the cooling system (refer to Engine Coolant
in Section 13.3).

2. Remove, check and recondition the injectors, if
necessary, to make sure they will be ready to operate
when the engine is restored to service.

3. Reinstall the injectors, time them and adjust the
exhaust valve clearance,

4, Circulate the coolant by operating the engine until
normal operating temperature is reached (See
Section 13.2).

5. Stop the engine.

6. Drain the engine crankcase then reinstall and tighten
the drain plug. Install new lubricating oil filter elements
and gaskets.

7. Fill the crankcase to the proper level with a 30-
weight preservative jubricating oil MIL-L-21260B,
Grade 2.

8. Drain the fuel tank. Refill with enough clean No. 1
diesel fuel or pure kerosene to permit the engine to
operate for about ten minutes. If it isn’t convenient to
drain the fuel tank (i.e., marine) use a separate portable
supply of the recommended fuel.

NOTE: If engines in vehicles or marine units are
stored where condensation of water in the fuel
tank may be a problem, add pure, waterless
isopropyl alcohol (isopropanol) to the fuel at a
ratio of one pint to 125 gallons of fuel or .010%
by volume. Where biological contamination of

© 1983 General Motors Corp.
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16.3 Storage

FUEL PINCHER

. fuel may be a probiem, add a biocide. such a
Biobor JF, or equivalent, to the fuel. When using
a biocide, follow the manufacturer’s concentra-
tion recommendations, and observe all cautions
and warnings.

9. Drain and disassemble the fuel filter and strainer.
Discard the used elements and gaskets. Wash the shells
in clean Neo. 1 diesel fuel or pure kerosene and insert
new elements. Fill the cavity between the element and
shell with No. } diesel fuel or pure kerosene and
reinstall on the engine. If spin-on fuel filters and
strainers are used, discard the used cartridges, fill the
new ones with No. 1 diesel fuel or pure kerosene and
install on the engine.

10, Operate the engine for five minutes to circulate the
clean fuel oil throughout the fuel system.

i1. Refer to Section 3.1 and service the air cleaner.
12. TURBOCHARGER

Since turbocharger bearings are pressure lubricated
through the external oil line leading from the engine
cylinder block while the engine is operating, no further
attention is required. However, the turbocharger air
inlet and turbine outlet connections should be sealed off
with moisture resistant tape,

13. Apply a non-friction rust preventive compound to
all exposed parts. If convenient, apply the rust
preventive compound to the engine flywheel. If not,
disengage the clutch mechanism to prevent the clutch
disc from sticking to the flywheel.

NOTE: Do not apply oil, grease or any wax base
compound to the flywheel. The cast iron will
absorb these substances which can “sweat”™ out
during operation and cause the clutch to slip.

14, Drain the engine cooling system.

15, Drain the preservative oil from the engine
crankcase. Reinstall and tighten the drain plug.

16. Rémove and clean the battery and battery cables
with a baking. soda solution and rinse them with fresh
water. Do not allow the soda solution to enter the
battery. Add distilled water to the electrolyte, if
necessary, and fully charge the battery. Store the
battery in a cool (never below 32° F or 0° C) dry place.
Keep the battery fully charged and check the level and
the specific gravity of the electrolyte regularly.

17. Insert heavy paper strips between the puileys and
belts to prevent sticking. -

18. Seal all of the openings in the engine, including the
exhaust outlet, with moisture resistant tape. Use
cardboard, plywood or metal covers where practical.

19. Clean and dry the exterior painted surfaces of the
engine and spray with a suitable liquid automobile body
wax, a synthetic resin varnish or a rust preventive
compound.

20. Protect the engine with a good weather-resistant
tarpaulin and store it under cover, perferably in a dry
building which can be heated during the winter months.

Detroit Diesel Allison does not recommend the outdoor
storage of engines (or transmission). Nevertheless,
DDA recognizes that in some cases outdoor storage
may be unavoidable. If units must be kept outdoors,
follow the preparation and storage instructions already
given. Protect units with quality, weather-resistant
tarpaulins (or other suitable covers) arranged to provide
air circulation.

NOTE: Do not use plastic sheeting for outdoor
storage. Plastic is fine for indoor storage. When
used outdoors, however, enough moisture can
condense on the inside of the plastic to rust
ferrous metal surfaces and pit aluminum
surfaces. If a unit is stored outside for any
extended period of time, severe corrosion damage
can result.

The stored engine should be inspected periodically. If
there are any indications of rust or corrosion, corrective
steps must be taken to prevent damage to the engine
parts. Perform a complete inspection at the end of one
year and apply additional treatment as required.

PROCEDURE FOR RESTORING AN ENGINE TO SERVICE WHICH
HAS BEEN IN EXTENDED STORAGE

1. Remove the covers and tape from all of the openings
of the engine, fuel tank and electrical equipment. Do
not overlook the exhaust outlet.

2. Wash the exterior of the engine with fuel oil to
remove the rust preventive,

3. Remove the rust preventive from the flywheel.

4. Remove the paper strips from betweén the pulleys
and the belts.

Page 2
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FUEL PINCHER

Storage 15.3

5. Remove the drain plug and drain the preservative oil
from the crankcase. Reinstall the drain plug. Then,
refer to Lubrication Systent in Section 13.1 and fill the
crankcase to the proper level, using a pressure
lubricator, with the recommended grade of lubricating
oil.

6. Fill the fuel tank with the fuel specified under Fuel
Specifications (Section 13.3).

7. Close all of the drain cocks and fill the engine cocling
system with clean soft water and a rust inhibitor. If the
engine is to be exposed to freezing temperatures, fill the

cooling system with a solution of water and an ethylene
glycol base antifreeze (refer to Section 13.3).

8. Install and connect the battery.
9. Service the air cleaner as outlined in Section 3.1.

10. After all of the preparations have been completed,
start the engine. '

NOTE: Before subjecting the engine to a load or
high speed, it is advisable to check the engine
tune-up.

© 1983 General Motors Corp.
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