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WARNING
EXHAUST SYSTEM COMPONENTS CAN CAUSE SEVERE BURNS

During normal operation the *vehicle exhaust pipe and muffler can become very hot. Be careful not to touch these
components with your bare hands. Do not allow your body to come in contact with the pipe or muffler. Exhaust system
components may be hot enough to cause serious burns.

WARNING

AVOID ACCIDENTAL ENGINE STARTS

Accidental Engine Startup may cause severe injuries to service personnel engaged in maintenance operations of or near
moving parts (pulleys, belts, fan blades, etc.). Prevent accidental engine starts by removing battery cables from battery
posts. Make sure mechanism at governor stops engine in top position (no-fuel position) to prevent accidental engine
firing.

WARNING

COMPRESSED AIR FOR CLEANING

Compressed air used for cleaning purposed shall not exceed 30 psi. Use only with effective chip guarding and personal
protective equipment (goggles/shield, gloves, etc).

WARNING

ELECTROCUTION HAZARD

NEVER OPERATE this crane within any distance of a power source or power line without first notifying the power or utility
company.

NEVER OPERATE crane any part thereof or load within 20 feet of any electrical power line or power source or such
distance as is specified or required by local or other applicable safety codes or regulations.

NEVER OPERATE crane without consulting local or other applicable safety codes or regulations.
NEVER OPERATE, service or maintain this crane without proper instructions. Remember it is the employer’s

responsibility to implement the above and to provide all safety devices or means that may be necessary or required for any
use operation, set-up or service.
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WARNING
CARBON MONOXIDE CAN KILL YOuU!
DO NOT OPERATE vehicles in an enclosed area unless carbon monoxide (exhaust) is channeled out of work area (duct).

DO NOT OPERATE an engine, in or out of the vehicle, in an enclosed area unless there is a way for the carbon monoxide
to escape (duct; draft or fan propelled fresh air supply).

DO NOT PERMIT an operating vehicle outside your work area to expel carbon monoxide into the area where you work.

WARNING

SERIOUS BODILY INJURY OR DEATH COULD OCCUR IF THE
FOLLOWING BASIC SAFETY PROCEDURES ARE NOT OBSERVED

Only machines with published "ON RUBBER" capacities are permitted to travel with a load.
Before elevating boom, make certain that area above and beneath boom is clear of all obstructions and personnel.
Before lowering boom, make certain that area above and beneath boom is clear of all obstructions and personnel.
Before lowering or raising cable (load) assure that area beneath load is clear of all obstructions and personnel.
Outriggers must be extended and set anytime the boom is removed from the cradle, either lifting or positioning. Outriggers
may be retracted from "ON RUBBER" operation with the boom centered over the rear as indicated by the "ON RUBBER"
load chart. (Outriggers must be extended and set to place the boom in the "ON RUBBER" position.)
NOTE

PASSENGERS

Passengers are not authorized to ride in the crane cab to and from work sites. The crane operator may be permitted to

ride in the cab for short distances where very light loads are being relocated, provided these loads are within the limits of
operation without outriggers. These limits are specified on the load and boom angle charts located inside the crane cab.



MAKE SAFETY FIRST --- NOT LAST
READ YOUR OPERATOR’S HANDBOOK !

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
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 perchlorenthylene or trichlorethylene. However,
while less toxic than other chlorinated solvents, use
these cleaning agents with caution. Be sure the work
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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. 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.

7. When working on an engine that is running,
accidental 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.

8. Use extreme caution in releasing the radiator cap
when engine has been running or is overheated.

9. When servicing the battery, do not smoke or allow an
open flame near batteries. Batteries generate hydrogen
which is a highly explosive gas.

Key to WARNING and CAUTION Notes:

personal injury or death.

or destruction of equipment.

WARNING precedes operating procedures or practices which, if not correctly followed could result in

CAUTION precedes operating procedure or practice which if not strictly followed could cause damage to

Information in this manual does not replace federal. state. or local regulations. safety codes.

or insurance requirements.
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REPORTING OF ERRORS
You can help improve this manual. If you find any mistakes or if you know of a way to improve the
procedures, please let us know. Mail your letter, DA Form 2028 (Recommended Changes to Publications
and Blank Forms), or DA Form 20282 located in the back of this manual direct to: Commander, US Army
Tank Automotive Command, ATTN: DRSTA-MB, Warren, Ml 48090. A reply will be furnished direct to
you.

VOLUME Il
(ENGINE)
Engine Operation, Description ...........ccccceevrineeen. CHAPTER |

Service and Maintenance (In-Line 71 Engine) .... [CHAPTERTI

Parts Catalog (In-Line 71 Enging) ......cccccceevuennee. [ CHAPTERTI

Numerical Parts List and Quantity
for Grove Model TMS 300-5 Engine ...........c....... CHAPTER IV

This technical manual is an authentication of the manufacturers commercial literature and does not
conform with the format and content specified in AR 3103, Military Publications. This technical manual
does, however, contain available information that is essential to the operation and maintenance of the
equipment.
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lllustration | TMS300-5 Component Location.
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IMPORTANT MAINTENANCE INFORMATION

The quarterly Equipment Improvement Report and Maintenance Digest TB 43-0001-41 series contains valuable field
information on the equipment covered in this manual. The information in TB 43-0001-41 series is compiled from some of
the Equipment Improvement Reports (SF 368) that you prepared on the vehicle covered in this manual. Many of these
articles result from comments, suggestions, and improvement recommendations that you submitted to the EIR program.
The TB 430001-41 series contains information on equipment improvements, minor alternations, proposed Modification
Work Orders (MWQO's), actions taken on some of your DA Form 2028’s, and advance information on proposed changes
that may affect this manual.
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CHAPTER |

General Information

PRINCIPLES OF OPERATION

The diesel engine is an internal combustion power unit, in
which the heat of 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.

The Two Cycle Principle

In the two-cycle engine, intake and exhaust take place during
part of the compression and power strokes respectively as
shown in Fig. 1. In contrast, a four-cycle engine requires four
piston strokes to complete an operating cycle; thus, during one
half of its operation, the four-cycle engine functions merely as
an air pump.

A blower is provided to force air into the cylinders for expelling
the exhaust gases and to supply the cylinders with fresh air for
combustion. The cylinder wall contains a row of ports which
are above the piston when it is at the bottom of its stroke.
These ports admit the air from the blower into the cylinder as
soon as the rim of the piston uncovers the ports as shown in
Fig. | (scavenging).

The unidirectional flow of air toward the exhaust valves
produces a scavenging effect, leaving the cylinders full of
clean air when the piston again covers the inlet ports.

As the piston continues on the upward stroke, the exhaust
valves close and the charge of fresh air is subjected to
compression as shown in Fig. 1 (compression).

Shortly before the piston reaches its highest position, the
required amount of fuel is sprayed into the combustion
chamber by the unit fuel injector as shown in Fig. | (power).
The intense heat generated during the high compression of
the air ignites the fine fuel spray immediately. The combustion
continues until the fuel injected has been burned.

The resulting pressure forces the piston downward on its
power stroke. The exhaust valves are again opened when the
piston is about half way down, allowing the burned gases to
escape into the exhaust manifold as shown in Fig. | (exhaust).
Shortly thereafter, the downward moving piston uncovers the
inlet ports and the cylinder is again swept with clean
scavenging air. This entire combustion cycle is completed in
each cylinder for each revolution of the crankshaft, or, in other
words, in two strokes; hence, it is a "two-stroke cycle".

Compression

Exhaust

Power

11826

Fig. 1 - The Two-Stroke Cycle

Page 5
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GENERAL DESCRIPTION

The two-cycle diesel engines covered in this manual are
produced in 3, 4 and 6 cylinder models having the same bore
and stroke and many of the major working parts such as
injectors, pistons, connecting rods, cylinder liners and other
parts that are interchangeable.

The blower, water pump, governor and fuel pump form a group
of standard accessories which can be located on either side of
the engine. Further flexibility in meeting installation
requirements can be had by placing the exhaust manifold and
the water outlet manifold on either side of the engine (Fig. 2).
This flexibility in the arrangement of parts is obtained by
having both the cylinder block and the cylinder head
symmetrical at both ends and with respect to each other.

Each engine is equipped with an oil cooler, full-flow lubricating
oil filter, fuel oil strainer, fuel oil filter, air cleaner, governor, fan
and radiator, and starting motor.

Full pressure lubrication is supplied to all main, connecting rod
and camshaft bearings, and to other moving parts within the
engine. A gear-type pump draws oil from the oil pan through
an intake screen, through the oil filter and then to the oil
cooler. From the oil cooler, the oil enters a longitudinal oil
gallery in the cylinder block where the supply divides; a portion
entering the by-pass filter, if used, and then draining back into
the oil pan, part going to the cam and balance shaft end
bearings and cylinder head, with the remainder going to the

main bearings and connecting rod bearings via the drilled
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 a thermostat which
regulates 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 fuel outlet manifold and connecting lines. Since the fuel is
constantly circulating through the injectors, it serves to cool
the injectors and also carries off any air in the fuel system.

Air for scavenging and combustion is supplied by a blower
which pumps air into the engine cylinders via the air box and
cylinder liner ports. All air entering the blower first passes
through an air cleaner.

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

Engine speed is controlled by a mechanical governor.

GENERAL SPECIFICATIONS

6-71
LI S PR UOUPPPURR 2 Cycle
TYPC oot 2 Cycle
Number of Cylinders 6
Bore (inches) ..........cccceene. 4.25
Bore (mm).....ccccceeeevviinnnenn. 108
SErOKE (INCNES) ...t 5
SHOKE (IMM) 1 e e e s e e e e e e aaees 127
Compression Ratio (Nominal) (Standard Engines) 17to1
Compression Ratio (Nominal) ("N" Engines)................ 18.7t01
Total Displacement - cubic inches 426
Total Displacement - litres ............cceevvvveee.. 6.99
Firing Order - R.H. Rotation..................... 1-5-3-6-2-4
Number of Main BEarings ......ccuveiuiiiiiiiieiiiiie e 7
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1067-7001
BASIC ENGINE
NUMBER APPLICATION ARRANGEMENT DESIGN SPECIFIC
SERIES 71 OF DESIGNATION AND DRIVE SHAFT VARIATION MODEL
IN-LINE ENGINE CYLINDERS {see below) ROTATION isee below) NUMBER
(see belowl
APPLICATION DESIGNATION: DESIGN VARIATIONS:
1067-7001 VEHICLE F-F 1067-7001 4 VALVE HEAD {"'N'' ENGINE)
- 1067-7101 2 VALVE HEAD ENGINE
1067-7201 4 VALVE HEAD (“'E'" ENGINE)
BASIC ENGINE ARRANGEMENTS: 1067-7301 TURBOCHARGED ENGINE
1067-7501 CUSTOMER SPEC. ENGINE
Rotation: L (leftl and R (right) designates 1067-7700 CONSTANT HORSEPOWER
rotation viewed from the front of the -
engine. Type A-B-C-D designates the
accessory orrangements.
WATER WATER WATER A . WATER
CAMSHAFT CAMSHAFT MSHAFT CAMSHAFT
(TH:tTST REAR) MATIFOLD | MANIFQLD [THRUST FRONT) | MANIFOLD (THRUST FRONT] | (THRUST REAR) MANIFOLD
EXHAUST | EXHAUST EXHAUST EXHAUST
BAL SHAFT [ BAL SHAFT BAL SHAFT " BAL SHAFT
BLOWER BLOWER BLOWER BLOWER
RA (XXXX-5XXX) RB (XXXX- 6XXX) RC (XXXX-7XXX] RD (XXXX-8XXX)
ALL VIEWS FROM FIYWHEEL REAR END OF ENGINE
ENGINE ROTATION DETERMINED BY VIEWING ENGINE FROM BALANCE WEIGHT COVER (FRONT) END 117344

Fig. 2 - Model Numbering (Current Engines), Rotation and Accessory Arrangements

Page 7
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ENGINE MODEL, SERIAL NUMBER AND OPTION PLATE

Engine Model and Serial Numbers

On all current Series 71 engines, the engine serial number and
the engine model number are stamped on the cylinder block
(Figs. 3 and 4). The engine serial number and model number
are also stamped on the Option Plate (when used) attached to
the valve rocker cover.

Engine Serial Number

The engine serial number is prefixed by numerals indicating
the number of cylinders and the letter "A" which designates a
Series 71 engine.

Engine Model Number

Current Series 71 engines are identified by an eight digit
model number (Fig. 2). The engine model number 10677001
illustrated is interpreted as follows: Series 71 Inline engine (1),
six-cylinder (06), vehicle engine (7), right-hand rotation with
"C" accessory arrangement (7), four-valve head "N" engine (0)
and specific model variation No. | (01).

Option Plate

An option plate, attached to the valve rocker cover, carries the
engine serial number and model number and, in addition, lists
any optional equipment used on the engine (Fig. 5). An
exhaust emission certification label, separate from the option
plate, is mounted

Fig. 3 Typical Engine Serial Number and
Model Number as Stamped on Cylinder
Block (Former Engines)

Fig. 4 Typical Engine Serial Number and
Model Number As Stamped on Cylinder
Block (Current Engines)

permanently in the option plate retainer. The current label
includes information relating to an engine family for the
maximum fuel injector size and maximum speed. Refer to

for further information regarding emission
regulations.

With any order for parts, the engine model number and serial
number must 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 of parts used on an engine are standard for the
engine model unless otherwise listed on the option plate.

Fig. 5 - Option Plate

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 where a slight amount of reworking or reconditioning
may save considerable added expense. Crankshafts, cylinder
liners and other parts are in this category. For example, if a
cylinder liner is only slightly worn and within usable limits, a
honing operation to remove the glaze may make it suitable for
reuse, thereby saving the expense of a new part. Exchange
assemblies such as injectors, fuel pumps, water pumps and
blowers 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 trouble-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, water and fuel. Lubricating oil should also be
drained from any transmission attached to the engine.

To perform a major overhaul or other extensive repairs, the
complete engine assembly, after removal from the vehicle and
transmission, should be mounted on an engine overhaul
stand; then the various subassemblies 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 disassembled, 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 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 heating 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 the drying of the parts
without the use of compressed air.

Page 9
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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.

INSPECTION

The purpose of parts inspection is to determine which parts
can be used and which must be replaced. Although 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 precision
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 indicators, 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 makes 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 operations J 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.

When assembling an engine or any part thereof, refer to the
table of torque specifications at the end of each section for
proper bolt, nut and stud torques.

WORK SAFELY

A serviceman can be severely injured if caught in the pulleys,
belts or fan of an engine that is accidentally started. To avoid
such a misfortune, take these precautions 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
electrical 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 position. The possibility of
the engine firing by accidentally turning the fan or 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.

Page 10
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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 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, accidental
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.

Page 11
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w_.
— &
ENGLISH TO METRIC CONVERSIONS S
10 get aquivalent © get equivalent -
Muitiply by number of. Muttiply by number of:
LENGTH ACCELERATION ~ ___—;8;
inch 5.4 millimetres (mm) Foot/sec 0.048  metressec Imis2)
Foot 0.348  metres (m) Inchisec 0.254  metresec o
Yard 0.9144  metres - :
Mile 1. 609 kilometres km! TORQUE
AREA Pound-inch 0.112 98 newton -metres IN-m) 8
Pound-foot 13558 newton -metres -—
Inch? 5.2 milllmdmzz lm:g?)
645  centi cme) POWER
Foot? 0.0929 n"s’ c':?» : © Q
Yard? 0.8%1 metres Horsepower 0.746 Kilowatts kW) — O
VOLUME PRESSURE OR STRESS
Inchd 16347 mm3 Inches of mercury 331 Kilopascals [kPa) —— ,3_ »n
16387 cmd Inches of water 0.2491  kilopascals 7)) w
0.0164 IHres i) Pounds/sq. In. 6. 35 kilopascals o
Quart 0.9464 iHres w 8 -
Gallon ITS4 lHres ENERGY OR WORK T —— @
Yard 0.7646  metresd (md) 3) n— w
81U 1055, Joules (11 S
MASS Foot-pound 13558  joules 4 S =
Kitowatt-hour 3l0bor joules()-oneW:s) = o B
Pound 0.8536 kilograms &g) 3 600 000 -
Ton 907. 18 kilograms —
Yon 0.997  tonne i) LIGHT 9_ E
— =
FORCE Footcandie 10.764  lumens/metre? (Im/nd)
Kilogram 9.%7  newlons (N) ' FUEL PERFORMANCE < =4
Qunce 0.2780 newlons -
Pound LM8 newbns Milesigal 0.&251  kilometresAitre (kmA)
Gal/mile 2.35217 litres kilometre {{Am)
VELOCITY — 8
Mileshour 16093 kilometreshr &kmm)
Degroe (angle) 0,017 5 radians (rad) ™ 28
Ounce {mass}-inch 720.077 8 miligram-metrs (mg.m)
(batancing)
TEMPERATURE °F °f Lo
1y -40 a2 5 140 212
tedroew 0 4| 80 . 120 | 160 200
2R 3
9 -40 -do0 0 101520 4 o0 o 0
C C N— o
USE CONVERS 10N TABLES LIKE THIS ; il
13 hp- ? KW Read across the 10 line to the 3 column. Read 9.7 kW
POWER - HORSEPOWER TO KILOWATTS 3
(1hp= 0.7456099 kw)
v——
o
e
11883A
———
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CHAPTER I

SECTION 1.

ENGINE (less major assemblies)
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11

CYLINDER BLOCK

The cylinder block (Eigs_1] and 2) serves as the main
structural part of the engine. Transverse members, cast
integrally, provide rigidity and strength and ensure alignment
of the block bores and bearings under load. The two ends of
the block are similar, so the flywheel housing and gear train
can be assembled to either end.

The block is bored to receive replaceable cylinder liners.
Water jackets, which extend the full length of the bores, are
divided into upper and lower sections which are connected by
hollow struts [Eig.—2). Coolant from the pump enters at the
bottom of each water jacket and leaves at the top of the block
through holes which register with corresponding openings in
the cylinder head.

An air box (Eig—2)surrounding the water jackets conducts the
air from the blower to the air inlet ports in the cylinder liners.
Air box openings[(Fig._3) on the side of the block opposite to
the blower provide access to the air box and permit inspection
of the pistons and compression rings through the air inlet ports
in the cylinder walls. The six-cylinder block has two additional
air box openings on the blower side.

The camshaft and balance shaft bores are located on opposite
sides near the top of 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, eliminating the need for
external piping.

The perimeter of the top surface of the cylinder block is
grooved, outside of the cam pockets, to accommodate a
block-to-head oil seal ring. The top surface of the block is also
counterbored at each water or oil passage to accommodate
individual seal rings[(Fig._4).

Each cylinder liner is retained in the block by a flange at its
upper end. The liner flange rests on a cast iron insert located
in the counterbore in the block bore. An individual
compression gasket is used at each cylinder.

When the cylinder head is installed, the gaskets and seal rings
compress sufficiently to form a tight metal to-metal contact
between the head and block.

New service replacement cylinder block assemblies include
the main bearing caps and bolts, dowels and the necessary

plugs.

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

The hydraulically operated overhaul stand [Eig._5) 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 and then, if desired, tipped back with either
end or the oil pan side up.

Remove and Disassemble Engine

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

1. Drain the cooling system.

2. Drain the lubricating oil.

WATER TLITLETS Chiy aMD BALAMCE

mo CTI.HI;EH HEAD SHAFT BORES
\ /
'l"-_ CYLIMDER LIMER J

Fig. 1 - Typical Cylinder Block
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W TR CYLECER Sy O3 BALAHCE wWATER CIUTLETS
IACEETS LIMEE KORE HAFT HE [T CYLMHCER HEALD)

Fig. 2 - Cutaway View of Cylinder Block Showing Air and Water Passages
3. Disconnect the fuel lines. 7. Disconnect the throttle controls.

4. Remove the air cleaner and mounting bracket. 8. Disconnect and remove the starting motor, battery charging
generator and other electrical equipment.

5. Remove the turbocharger, if used.
9. Remove the air compressor, if used.

6. Disconnect the exhaust piping and remove the exhaust

manifold. 10. Remove the radiator and other related cooling system
parts.

Fig. 4 - Sealing Arrangement of Cylinder Block
Fig. 3 - Air Box Covers and Air Inlet Ports.
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Fig. 5 - Engine Mounted on Overhaul Stand
11. Remove the air box covers.

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

13. Separate the engine from the transmission.

14 Remove the engine mounting bolts.

Fig. 6 Lifting Engine with Sling

15. Use a sling with a spreader baf{Fig._6) and lift the engine
from the chassis.

16. Locate the center lug of the overhaul stand adapter plate
in the proper air box opening on the side of the block opposite
the blower. The center lug is located in the number four
opening of six cylinder engines.

The adapter plate, used with the hydraulic engine overhaul
stand, must be attached to the mounting plate on the overhaul
stand with six spacers and bolts (Eig—5)] The spacers provide
the necessary clearance for the front balance weight cover
and the flywheel housing when the engine is tipped on its side
and rotated.

17. Loosen the lock nuts on the two holding lugs on the
adapter plate and lower the engine while guiding the lugs into
the air box openings.

18. Turn the holding lugs crosswise in the air box openings
and tighten the lock nuts, drawing the engine tight against the
adapter plate.

19. To be sure the engine does not shift on or break away
from the overhaul stand, insert a 7/16" -14 x 2" bolt, with a
plain washer under the head of the bolt, through the hole in the
adapter plate and into the pad on the cylinder block.

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.

20. With the engine mounted on the overhaul stand, remove
all of the remaining sub-assemblies and parts

Fig. 7 - Cleaning Cylinder Block
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from the cylinder block. The procedure for removing each
sub-assembly from the cylinder block, together with
disassembly, inspection, repair and reassembly of each, will
be found in the various sections of this manual.

After stripping, the cylinder block must be thoroughly cleaned
and inspected.

Clean Cylinder Block

Scrape all gasket material from the cylinder block. Then
remove all oil gallery plugs and core hole plugs (except cup
plugs) to allow the cleaning solution to contact the inside of the
oil and water passages. This permits more efficient cleaning
and eliminates the possibility of the cleaning solution attacking
the aluminum core hole plug gaskets.

If a core hole plug is difficult to remove, hold a

BEARING CAP

RN \}\ \‘\‘

N

DRILL ' DIA.
A

e ©

-—]"-‘4.— 4Y) —— e l"-ol

L&) R LELEULCAULERLLLDL . L

-
%o 11804

Fig. 8 - Sealing Plate Details for Pressure
Testing Cylinder Block

3/4” drift against the plug and give it a few sharp blows with a
one-pound hammer. With a 1/2" flexible handle and a short
extension placed in the countersunk hole in the plug, turn the
plug slightly in the direction of tightening. Then turn it in the
opposite direction and back the plug out.

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[{Eig._7).

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 commercial
pickling acid,.

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

c. Lift the block, drain it and reimmerse it in the same

acid solution for 10 minutes.

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.

o

Fig. 9 Cylinder Block Prepared for Pressure Test
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g. Wash the block in clean water or steam clean it.
4. Dry the cylinder block with compressed air.

5. Make certain that all water passages, oil galleries and air
box drain holes have been thoroughly cleaned.

NOTE: The above cleaning procedure may
be used on all ordinary cast iron and steel
parts of the engine. Mention will be made of
special cleaning procedures whenever
necessary.

After the cylinder block has been thoroughly cleaned and
dried, reinstall the core hole plugs. Coat the threads of the
plugs with sealant. Install the core hole plugs in the sides of
the block from 2" to 2-1/4" below the machined surface of the
block. They must be water tight. The core hole plugs in the
ends of the block are flanged to provide a positive stop against
the counterbore of the hole, thus preventing the plugs from
entering the water jacket and restricting the flow of water. Soft
aluminum gaskets are used with the plugs. Coat the threads
of the end plugs with sealant and, using new gaskets, reinstall
the plugs and tighten them to 150-180 Ib-ft (204-244 Nm)
torque.

CAUTION: Excessive torque applied to the
core hole plugs may result in cracks in the
water jacket.

Pressure Test Cylinder Block

Extremely tight fitting cylinder liners, severe scoring of the
liners and overheating of the engine may result in cracks in the
cylinder bores. Overheating of the engine may also result in
cracks between the water jackets and the oil passages.

The cylinder block may be pressure tested for cracks or leaks
by either one of two methods. In either method, it will be
necessary to make plated (Fig. 8) to seal the water openings
in the top of the block. Main bearing caps may be used to
secure the plates to the block with the cylinder head bolts and
nuts. Cylinder head seal rings may be used as gaskets
between the plates and the block. It will also be necessary to
use water hole cover plates and gaskets to cover the water
pump inlet openings in the block. Drill and tap one cover plate
to provide a connection for an air line [Eig.—9).

With the cylinder block prepared in the above manner, the
core hole plugs installed and the plugs removed from the oil
passages, test the block as follows:

METHOD "A"

This method may be used when a large enough water

Fig. 10 Honing Bore of Cylinder Block

tank is available and the cylinder block is completely stripped
of all parts.

I. Immerse the block for twenty minutes in a tank of water
heated to 180-200° F (82-93 C).

2. Apply 40 psi (276 kPa) air pressure to the water jacket and
observe the water in the tank for bubbles which indicate the
presence of cracks or leaks in the block. A cracked cylinder
block must be replaced by a new block.

3. After the pressure test is completed, remove the block from
the water tank. Then remove the plates and gaskets and dry
the block with compressed air.

METHOD "B"

This method may be used when a large water tank is
unavailable, 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 head, blower, oil cooler, air
box covers and oil pan.

1. Attach sealing plates and gaskets as in Method "A".
However, before attaching the last sealing plate, fill the water
jacket with a mixture of water and one
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Fig. 11 - Checking Bore of Cylinder Block

gallon of permanent type antifreeze. The antifreeze will
penetrate small cracks and its color will aid in detecting their
presence.

Fig. 12 - Cylinder Bore Measurement Diagram

Fig. 13 - High Pressure Areas on Cylinder Liner
2. Install the remaining sealing plate and tighten it securely.

3. Apply 40 psi (276 kPa) 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 the test period, examine the cylinder bores,
air box, oil passages, crankcase and exterior of the block for
presence of the water and antifreeze mixture which will
indicate the presence of cracks. A

For Average To Give
Block Bore Use Liner A Liner-to-
I.D. Size of 0.D. Size Block Clearance of
CAST IRON BLOCK
4.6260" Standard .000' to .0025"
4.6275"
4.6270" .001" Oversize .0(Y’ to .0025"
4.6285"
TABLE 1
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Block Boring Liner 0.0. Maximum Block Bore
Dimensions Size I.D. on a Used Block
CAST IRON BLOCK
4.631" .005" Oversize 4.6325"

4.632"
4.636" .010" Oversize 4.6375"
4.637"
4.646’ .020" Oversize 4.6475"
4.647"
4.656" .030" Oversize 4.6575"
4.657"

TABLE 2

cracked cylinder block must be replaced by a new block.

5. After the test is completed, remove the plates, drain the
water jacket and blow out all of the passages in the block with
compressed air.

Inspect Cylinder Block
After cleaning and pressure testing, inspect the cylinder block.

Since most of the engine cooling is accomplished by heat
transfer through the cylinder liners to the water jacket, a good
liner-to-block contact must exist when the engine is operating.
Whenever the cylinder liners are removed from an engine, the
block bores must be inspected.

NOTE: Before attempting to check the block
bores, hone them throughout their entire
length until about 75% of the area above the
ports has been "cleaned-up".

1. Hone the block bores as follows:

a. Use a hone in which the cutting radius of the stones
can be set in a fixed position to remove irregularities
in the bore rather than following the irregularities as
with a spring-loaded hone. Clean the stones
frequently with a wire brush to prevent stone loading.
Follow the hone manufacturer’s instructions regarding
the use of oil or kerosene on the stones. Do not use

Fig. 14 Boring Cylinder Block with Portable Boring Bar

use such cutting agents with a dry hone. Use 120 grit
stones J 5902-14.

Insert the hone in the bore [[(Eig.—10) and adjust the
stones snugly to the narrowest section. When
correctly adjusted, the hone will not shake in the
bore, but will drag freely up and down when the hone
is not running.

Start the hone and "feel out" the bore for high spots
which will cause an increased drag on the stones.
Move the hone up and down the bore with short
overlapping strokes about | " long. Concentrate on
the high spots in the first cut. As these are removed,
the drag on the hone will become lighter and
smoother. Do not hone as long at the air inlet port
area as in the rest of the bore because this area, as a
rule, cuts away more rapidly. Feed lightly to avoid an
excessive increase in the bore diameter. Some
stones cut rapidly even under low tension.

When the bore is fairly clean, remove the hone,
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inspect the stones and measure the bore. Determine
which spots must be honed most. Moving the hone
from the top to the bottom of the bore will not correct
an out-of-round condition. To remain in one spot too
long will cause the bore to become irregular. Where
and how much to hone can be judged by feel. A
heavy cut in a distorted bore produces a steady drag
on the hone and makes it difficult to feel the high
spots. Therefore, use a light cut with frequent stone
adjustments.

Wash the cylinder block thoroughly after the honing
operation is completed.

2. Check the cylinder block bores:

a.

d.

3. Fit the liner to the cylinder block: a.

Visually check the contact area as revealed by the
honed surface. There must not be any low spots
which are larger in area than a half dollar.

Measure the entire bore of each cylinder with cylinder
bore gage J 5347[(Eig._11) which has a dial indicator
calibrated in .0001 "increments. The standard block
bore is 4.6260" to 4.6270". First, place the bore gage
in the master ring gage J 8386-01 which has an I.D.
of 4.6270" and set the dial to zero. Next rotate the
dial clockwise .0005" to give a zero dial indicator
setting of 4.6265". Take measurements on the
cleaned-up surface only at positions A, B, C, D, E and
F in the bore on axes 90 apart (Fig.__12)] Read the
measurements from the zero mark on the gage.

NOTE: Dial bore gage setting master tool
J 23059 may be used in place of the master

ring gage.

The cylinder block is alternately expanding and
contracting, during engine operation, due to
temperature variations. This may result in
irregularities in the block bores (out-of-round and
taper), the effects of which will be seen as high
pressure areas on the outside of the cylinder liner

If a new liner and piston is installed in the block
without properly fitting the liner, galling and seizing of
the piston may result. This is caused by the new
piston having to travel over the irregularities without
time to conform to the particular shape of the block
bore.

The liner-to-block

clearance with new parts is zero to .002". With used parts, the

maximum liner-to block clearance

is .0025". Examine the

block bore measurements to determine if standard or .001”
oversize O.D. liners can be used, or if the Pa, cylinder block
should be bored oversize. A light push fit between the liner

and the block is desirable. However, a good fit between the
cylinder liner and block may be obtained by comparing the
average bore sizes with Table 1.

4. If necessary, bore the cylinder block as follows:

a.

Each bore in a used block must not be out-of round
or tapered more than .002". If the average block bore
is over 4.6285", the block should be bored oversize
as shown in Table 2.

A typical commercially available portable boring bar is
illustrated in[Eig._14] Instructions on correct use of
the boring bar are provided by the manufacturer.

After boring the block for an oversize cylinder liner,
check the bore finish to be sure it is smooth (120
RMS). Heat transfer from the cylinder liner to the
block will be adversely affected if the block bore isn't
smooth.

Wash the block thoroughly after the boring operation.

When an oversize liner is used, stamp the size of the
liner on the top deck of the block adjacent to the liner
counterbore.  An oversize liner insert must be
installed whenever an oversize liner is used (Section
1.6.3).

5. Check the top of the block for flathess with an accurate
straight edge and a feeler gage[(Eig._15).

a.

The top surface of the block must not vary more than
.003" transversely and not over .009" longitudinally. It
will be difficult to prevent water, oil and compression
leaks if the top surface of the block exceeds these
tolerances.

If it is necessary to machine the top surface of the
block to correct for the above conditions, do not
remove more than .008" of metal. Stamp the amount
of stock removed on the face of the block. The
distance from the centerline of the crankshaft to the
top of the block must not be less than 16.176['(Fig]
[16).

If stock is removed from the top surface of the block,
check the depth of the seal ring grooves and
counterbores. The cylinder head seal strip grooves
must be .092"-.107" deep. The large water hole
counterbores (between the cylinders) must be .109"-
.120" deep, and the combination water and oil hole
counterbores and small water hole counterbores
must be .087"-.098" deep. If necessary, deepen the
grooves or counterbores to
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Fig. 15 - Checking Top Face of Cylinder Block

the specified limits to retain the proper "crush" on the
seal rings. It is not necessary to deepen the
counterbores for the cylinder liners since .004” and
.008" undersize thickness inserts are available for
adjusting the liner position as outlined in_Section|
[I.6.3under Fitting Cylinder Liner in Block Bore.

6. Make sure the cylinder liner counterbores in the block are
clean and free of dirt. Then check the depth {Fig._17). The
cylinder bores have been counterbored to a depth which will
accommodate an approximately 3/16" thick replaceable liner
insert. The depth must be .4770" to .4795" and must not vary
more than
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Fig. 16 - Minimum Distance from Center
Line of Crankshaft to Top of Cylinder Block

.0015”

throughout

the entire circumference. The

counterbored surfaces must be smooth and square with the
cylinder bore within .001 "total indicator reading. There must
not be over .001 "difference between any two adjacent cylinder
counterbores when measured along the cylinder longitudinal
centerline of the cylinder block.

7. Check the main bearing bores as follows:

a.

Check the bore diameters with the main bearing caps
in their original positions. Apply a small quantity of
International Compound No. 2, or equivalent, to the
threads on the bolts or studs and nuts and to the bolt
head (or nut) contact area. Then install and tighten
the bolts to 165-175 Lb-ft (224-238 Nm) torque or
stud nuts to 140-155 Lb-ft (190-211 Nm) torque.
The specified bore diameter is 3.812" to 3.813". |If
the bores do not fall within these limits, the cylinder
block must be rejected.

CAUTION1: Main bearing cap bolts are
especially designed for this purpose and
must not be replaced by ordinary bolts.

NOTE: Bearing caps are numbered to
correspond with their respective positions in
the cylinder block. It 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 stamped on the face of the
oil pan mounting flange of the cylinder block,
adjacent to its permanent location in the
engine as established at the time of
manufacture. The No. 1 main

Fig. 17 - Checking Depth of Counterbore for
Cylinder Liner with Tool J 22273
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bearing cap is always located at the end opposite
the flywheel end of the cylinder block [Fig._18),
regardless of engine rotation or accessory
arrangement. As originally manufactured, the main
bearing caps are installed with the numbered side
facing the blower side of the engine. Machining of
the cylinder block and main bearing caps is such
that the mating parts are "offset" to prevent
installation of the bearing caps 180° from their
correct position. However, if an engine has been
converted for a new application and the cylinder and
bearing numbering sequence has been reversed,
the bearing caps must be reinstalled in the original
positions regardless if the block and bearing caps
have or have not been re-numbered.

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

NOTE: Use the unfinished bearing caps for the front
and intermediate bearing positions. The finished
bearing caps, machined for the crankshaft thrust
washers, are to be used in the rear bearing position.

c. Main bearing bores are line-bored with the bearing
caps in place and thus are in longitudinal alignment.
Bearing bores may be considered properly aligned
with one another if the crankshaft can be rotated
freely by hand after new bearing shells have been
installed and lubricated and the bearing caps have
been secured in place and the bolts tightened to
180-190 Ib-ft (224-258 Nm) torque (or nuts
tightened

MAINI BEARING CAP
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Fig. 18-Cylinder Block Markings

to 155-185 Ib-ft (211-251 Nm) torque). If a main
bearing bore is more than .001 " out of alignment,
the block must 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 165-175 Ib-ft (244-
238 Nm) torque (or tighten the nuts, if used, to 140-
155 Ib-ft (190-211 Nm) torque). Line- bore the
block, but do not remove more than .001 " stock.
After boring, all bores must be within the specified
limits of 3.812 " to 3.813 "

8. Refer to the Cylinder Block Plugging Charts shown
at the end of this manual and install the necessary plugs
and dowels.

9. Replace loose or damaged dowel pins. The dowels
at the ends of the cylinder block must extend 5/8" from
the face of the block.

The dowels used to retain the crankshaft thrust washers
on the rear main bearing cap must extend .110" to .120"
from the surface of the bearing cap.
NOTE: When required, an oversize rear main
bearing cap dowel pin is available.

10. Replace main bearing cap studs, if used, which are
damaged or broken. Install new studs to a height of 4" +
1/32" above the upper bearing seat at a torque of 35-75
Ib-ft (47-102 Nm).

11. If used, replace damaged or broken cylinder head
studs. Install and drive a new stud to a height of 4-3/8" +
1/32" at a minimum torque of 75 Ib-ft (102 Nm) torque.

12. Examine the tapped bolt holes for the cylinder head
or main bearing cap bolts and, if the threads are
damaged, "clean-up" the threads or install a helical
thread insert. The tapped holes may be tapped with a
5/8"-11 UNC3B tap. All cylinder head bolt or stud holes
must have the threads extending 1.84" below the block
surface.

NOTE: The current service replacement cylinder

blocks use a special cylinder head bolt in all

positions.

13. Check the drive pins (which plug the vertical oil
galleries) in the corners of the block to be sure they are
flush with or below the top surface of the block.

14. Check the remaining cylinder block surfaces and
threaded holes. Check all of the mating surfaces, or
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mounting pads, for flatness, nicks and burrs. The
flatness of the blower mounting pad must not vary more
than .004". Clean-up damaged threads in tapped holes
with a tap or install helical thread inserts, if necessary.

15. 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 Oil Company’'s "Tectyl 502-
C", or equivalent. Castings free of grease or oil will rust
when exposed to the atmosphere.

Assemble and Install Engine

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

NOTE: Before a reconditioned or new service
replacement cylinder block is used, steam clean
it to remove the rust preventive and blow out the
oil galleries with compressed air.

1. Mount the cylinder block on the overhaul stand.

TM 5-3810-300-24&P-3

2. If a new service replacement block is used, stamp
the engine serial number and model number on the pad
located in the upper right-hand corner on the blower side
of the block. Also stamp the position 1 numbers on the
main bearing caps$ (Fig._18) and the position of the No. |
bearing on the oil pan mounting flange of the block.

3. Install all of the required cylinder block plugs and
drain cocks. Use a good grade of non-hardening sealant
on the threads of the plugs and drain cocks. Install the
plugs flush with or below the surface of the block.

4. Clean and inspect all engine parts and
subassemblies and, using new parts as required, install
them on the cylinder block by reversing the sequence of
disassembly. The procedures for inspecting and
installing the various parts and sub-assemblies are
outlined in the following sections of this manual.

5. Use a chain hoist and suitable sling to transfer the
engine to a dynamometer test stand.

6. Complete the engine build-up by installing all
remaining accessories, fuel lines, electrical connections,
controls etc.

7. Operate the engine on a dynamometer, following
the RUN-IN procedure outlined in

8. Reinstall the engine in the vehicle.
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Fig. 1 - Installing Front End Plate

A flat steel plate, one bolted to each end of the cylinder
block, provides a support for the flywheel housing at the
rear and the balance weight cover and crankshaft cover
at the front of the engine. Since the blower drive gear
assembly is supported on the rear end plate, this plate
has a different contour than the one used at the front.
Gaskets are used between the block and each end plate.

Inspection

When an end plate is removed, it is essential that all of
the old gasket material be removed from both surfaces
of the end plate and the cylinder block. Clean the end
plate as outlined under Clean Cylinder Block if_Secfionl

Inspect both surfaces of each end plate for nicks, dents,
scratches or score marks and check the plates for
warpage. Also check the tapped holes in the end plates
at this time. If nicks or scratches on the sealing surfaces
of the end plates are too deep to be cleaned up, replace
the end plates.

Install End Plates

With all of the necessary plugs properly installed and the
end plate-to-cylinder block dowels in place, attach

TM5-3810-300-24&P-3
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Fig. 2 - Installing Rear End Plate

the cylinder block front and rear end plates as outlined
below.

1. Affix a new gasket to each end of the cylinder block,
using a non-hardening gasket cement. Also apply an
even coating of gasket cement to the outer surface of
each gasket (the surface next to the end plate).

2. Use guide studs J 1927-01 as shown in Fig.1 to set
the front end plate next to the cylinder block and install
the bolts and lock washers. Do not tighten the bolts at
this time. Wipe the excess gasket cement from the
bores in the end plate and the cylinder block.

3. Insert a camshaft end bearing through the SMALL
bearing bore in the end plate and into the bore of the
block to accurately align the end plate as shown if_ Figl

4. With the bearing in place, tighten the 3/8" -16 end
plate retaining bolts to 30-35 Ib-ft (41-47 Nm) torque.
Tighten the 1/2"-13 bolts to 71-75 Ib-ft (96-102 Nm)
torque. Remove the camshaft bearing which served as a
pilot while attaching the end plate.

5. Use the guide studs J 1927-01 and the camshaft
end bearing to install the rear end plate in the same
manner as outlined above.
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During normal engine operation, water vapor from the air
charge, as well as a slight amount of fuel and lubricating
oil fumes, condenses and settles on the bottom of the air
box. This condensation is removed by the air box
pressure through cored passages located at the front
and rear of the cylinder block with drain outlets (Fig. I) in
the side of the block.

alfl BON ) . . . .
| Air box drains must be kept open at all times, otherwise
i water and oil that may accumulate will be drawn into the
cylinders.
Inspection

A periodic check for air flow from the air box drain tubes
should be made (refer to [Section 15.1).

Fig. 1-Air Box Drain Tube
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CYLINDER HEAD

The cylinder head (Figs. 2 and 3) is a one-piece
casting securely held to the top of the cylinder block by
special bolts.

The exhaust valves, fuel injectors and the valve and
injector operating mechanism are located in the cylinder
head.

Depending upon the engine application, either two or
four exhaust valves are provided for each cylinder.

Exhaust valve seat inserts, pressed into the cylinder

head, permit accurate seating of valves under varying
conditions of temperature and materially prolong the life
of 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 lower end of the
injector tube is pressed into the cylinder head and flared
over; the upper end is flanged and sealed with a
neoprene seal. The sealed
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Fig. 2-Cylinder Head Assembly (Four Valve)

upper end and flared lower end of the injector tube
prevent water and compression leaks.

No water space is provided around the injectors in very
early four-valve cylinder heads. Therefore, no injector
tubes are required in these heads.

The exhaust passages from the exhaust valves of each
cylinder lead through a single port to the exhaust
manifold. The exhaust passages and the injector tubes
are surrounded by engine coolant.

In addition, cooling of the above areas is further ensured
by the use of water nozzles [(Figs. 5 and 6) pressed into
the water inlet ports in the cylinder head. The nozzles
direct the comparatively cool engine

coolant at high velocity toward the sections of the
cylinder head which are subjected to the greatest heat.

The fuel inlet and outlet manifolds are cast as an integral
part of the current cylinder heads. Tapped holes are
provided for connection of the fuel lines at various points
along each manifold. On former cylinder heads,
separate fuel manifolds are attached to the side of the
head (refer to [Secfion 2.4).

The water manifold is also cast as an integral part of the
cylinder head.

To seal compression between the cylinder head and the
cylinder liner, separate laminated metal gaskets are
provided at each cylinder. Water and oil passages
between the cylinder head and cylinder block are
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Fig. 3 - Typical Mounting of Cylinder Head

Fig. 4 - Coolant Passages Around Exhaust Valves and
Fuel Injectors

sealed with synthetic rubber seal rings which fit into
counterbored holes in the block. A synthetic rubber seal
fits into a milled groove near the perimeter of the block.
When the cylinder head is drawn down, a positive
leakproof metal-to-metal contact is assured between the
head and the block.

Cylinder Head Maintenance

The engine operating temperature should be maintained
between 160-185 ¢ F or 71-85 ¢ C and the cooling
system should be inspected daily and kept full at all
times. The cylinder head fire deck will overheat and
crack in a short time if the coolant does not cover the fire
deck surface. When necessary, add water slowly to a
hot engine 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 31
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exhaust valve water jackets. This can be done by
removing an injector tube. Where inspection discloses
such deposits, use a reliable non-corrosive 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.
Refer to [ _Section 13.3|1 for engine coolant
recommendations.

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. Refer to[Section 2.1.4]

Overtightened injector clamp bolts may also cause head
cracks. Always use a torque wrench to tighten the bolts
to the specified torque.

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

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

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

Fig. 6 - Water Nozzles in Four-Valve Cylinder Head
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

Certain service operations on the engine require removal
of the cylinder head:

1. Remove and install pistons.

2. Remove and install cylinder liners.

3.  Remove and install exhaust valves.

4. Remove and install exhaust valve guides.

5. Recondition exhaust valves and valve seat inserts.
6. Replace fuel injector tubes.

7. Install new cylinder head gaskets and seals.

8. Remove and install camshaft.

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

Page 32



IMJECTO® LONTRUIL TUBE

Fig. 7 - Removing or Installing Injector Control Tube

with accessories that affect cylinder head removal, note
the position of each before disconnecting or removing
them to ensure correct re-installation. Then refer tf_FigJ
[3land remove the cylinder head as follows:

1. Drain the cooling system.

2. Disconnect the exhaust piping at the exhaust
manifold.

3.  Remove the air cleaners and the air inlet housing.

4. Remove the exhaust manifold.

5. Disconnect the fuel lines at the cylinder head and
remove the fuel filter [(Fig._3).

6. Remove the thermostat housing assembly.

7. Remove the water manifold.

8. Clean and remove the valve rocker cover and the
governor cover.

9. Disconnect the fuel rod from the injector control
tube lever and the governor. Remove the fuel rod.

10. Remove the injector control tube and
brackets as an assembly.

11. If the cylinder head is to be disassembled for
reconditioning of the exhaust valves and valve seat

TM 5-3810-300-24&P-3

Fig. 8 - Cylinder Head Mounted on Holding Plates

inserts or for a complete overhaul, remove the fuel pipes
and injectors at this time. Refer to Section 2.1 or 2.1.1
for removal of the injectors.

12. Loosen (three or four turns) the two bolts directly
below each lifter bracket which attach the balance weight
cover and flywheel housing to the front and rear end
plates. Otherwise, the threaded ends of the bolts may
interfere with removal of the cylinder head.

13. Remove the two bolts which secure the front lifter
bracket to the balance weight cover and the two bolts
attaching the rear lifter bracket to the flywheel housing.

14. Check the torque on the cylinder head bolts and
stud nuts (if used), before removing the head. Then
remove the bolts and nuts and, using lifting hooks and a
chain hoist, lift the cylinder head from the cylinder block.
Checking the torque before removing the head bolts and
examining the condition of the compression

Fig. 9 - Cylinder Head Prepared for Pressure Test
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gaskets and seals after the head is removed may reveal
the causes of any cylinder head problems.
CAUTION: When placing the cylinder head
assembly on a bench, protect the cam followers
and injector spray tips, if the injectors were not
removed, by resting the valve side of the head
on 2 " thick wood blocks.

15. Place the cylinder head on its side and remove the
engine lifter brackets and gaskets. Then attach the
cylinder head holding plates J 3087-01[(Eig.__8) to raise
the head above the work bench.

16. Remove and discard the cylinder head compression
gaskets, oil seals and water seals.

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

Disassemble Cylinder Head

If complete disassembly of the cylinder head is
necessary, refer tf_Sections 1.2.1 and 1.2.2 for removal
of the exhaust valve and injector operating
mechanism.

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
and water nozzles. Then clean the cylinder head in the
same manner as outlined for cleaning the cylinder block
(Section 1.1).

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

Inspect Cylinder Head
1. Pressure check the cylinder head as follows:

a. Seal off the water holes in the head with steel
plates and suitable rubber gaskets secured in
place with bolts and washers as shown ifl_Eig._9]
Drill and tap one of the cover plates for an air
hose connection.

b. Install scrap or dummy injectors to ensure
proper seating of the injector tubes. Dummy
injectors may be made from old injector nuts and
bodies --the injector spray tips are not
necessary. Tighten

Fig. 10 - Checking Bottom Face of Cylinder Head

the injector clamp bolts to 20-25 Ib-ft (27-34
Nm) torque.

c. Apply 80-100 psi (552-689 kPa) air pressure to
the water jacket. Then immerse the cylinder
head in a tank of water, previously heated to
180-200'F or 82-93 ° C, for about twenty
minutes to thoroughly heat the head. Observe
the water in the tank for bubbles which indicate
a leak or crack. Check for leaks at the top and
bottom of the injector tubes, oil gallery, exhaust
ports, fuel manifolds, and the top and bottom of
the cylinder head.

d. Relieve the air pressure and remove the
cylinder head from the water tank. Then
remove the plates, gaskets and injectors, and
dry the head with compressed air.

Maximum Maximum
Engine Longitudinal Transverse
Warpage Warpage
6-71 010" .004™
TABLE 1
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11582

Fig. 11 - Minimum Distance Between Top and Bottom
Faces of Cylinder Head

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

2. Check the bottom (fire deck) of the cylinder head for
flatness:

a. Use a heavy, accurate straight-edge and feeler
gages, tool J 3172, to check for transverse warpage at
each end and between all cylinders. Also check for
longitudinal warpage in six places as shown in[Eig._10l
Refer to Table | for maximum allowable warpage.

b. Use the measurements obtained and the limits
given in Table | as a guide to determine the advisability
of re-installing the head on the engine or of refacing it.
The number of times a cylinder head may be refaced will
depend upon the amount of stock previously removed.

c. If the head is to be refaced, remove the injector
tubes prior to machining. Do not remove more than
.020" (total) of metal from the fire deck of any cylinder
head. The distance from the top deck to the bottom (fire
deck) of the cylinder head must not be less than 3.536"
[(Fig._11). Stamp the amount of stock removed on the
face of the fire deck near the outer edge of the head, in
an area not used as a sealing surface.

CAUTION: When a cylinder head has been refaced,
critical dimensions such as the protrusion of valve seat
inserts, exhaust valves, injector tubes and injector spray
tips must be checked and corrected. The push rods
must also be adjusted to prevent the exhaust valves
from striking the pistons after the cylinder head is re-
installed in the engine.

3. Install new injector tubes (Section 2.1.4) if the old
tubes leaked or the cylinder head was refaced.

4. Inspect the exhaust valve seat inserts and valve

guides (refer to[Section 1.2.2).

5. Inspect the cam follower bores in the cylinder head
for scoring or wear. Light score marks may be cleaned
up with crocus cloth wet with fuel oil. Measure the bore
diameter. The cam follower-to-cylinder head clearance
must not exceed .006 " with used parts (refer

Fig. 13- Correct Installation of Water Nozzles in Four-
Valve Cylinder Head
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to| Section 1.0] for specifications). If the bores are
excessively scored or worn, replace the cylinder head.

6. Check the water hole nozzles to be sure they are
not loose. If necessary, replace the nozzles as follows:

NOTE: Early engines did not incorporate water
nozzles in the cylinder head. It is
recommended that nozzles be installed when
an early engine is in for a regular overhaul or for
reconditioning of the cylinder head.

a. Remove the old nozzles.

b. Make sure the water inlet ports in the cylinder head
are clean and free of scale. The water holes at
each end of the head may be cleaned up with a 1/2"
drill and the intermediate holes may be cleaned up
with a 13/16" drill. Break the edges of the holes
slightly.

c. For the positioning of the nozzles in a four-valve
cylinder head, refer to[Eig._13.]1 Press the nozzles
flush to .0312"recessed below the surface of the
cylinder head.

d. Check to make sure the nozzles fit tight. If
necessary, use a wood plug or other suitable tool to
expand the nozzles, or tin the outside diameter with
solder to provide a tight fit. If solder is used, make
sure the orifices in the nozzles are not closed with
solder.

7. Replace broken or damaged studs. Apply sealant

to the threads of new studs and drive them to 10-25 Ib-ft

(14-34 Nm) torque (water manifold cover studs) or to 25-

40 Ib-ft (34-54 Nm) torque (exhaust manifold studs).

8. Pilot sleeves have been added to the head

mounting bolt holes at each end of the four-valve cylinder

heads (on the camshaft side on current heads or
exhaust side of former heads). Make sure the sleeves
are flush or recessed below the fire deck of the cylinder
head: Replace damaged sleeves. Pilot sleeves can be
installed on early cylinder heads by reaming the end bolt
holes (camshaft side of head) to .687 " /.688" diameter
by .750" deep and pressing the sleeves flush or slightly
recessed below the fire deck. The sleeves, which act as

a hollow dowel to provide a closer fit between the

mounting bolts and the cylinder head, help to guide the

head in place without disturbing the seals and gaskets.

9. Inspect all other components removed from the

cylinder head.

If a service replacement cylinder head is to be installed,
it must be thoroughly cleaned of all rust preventive
compound, particularly inside the integral fuel manifolds,
before installing the plugs. A simple method of removing
the rust preventive compound is to immerse the head in
solvent, oleum or fuel oil, then scrub the head and go
through all of the openings with a soft bristle brush. A
suitable brush for cleaning the various passages in the
head can be made by attaching a 1/8" diameter brass
rod to brush J 8152. After cleaning, dry the cylinder
head with compressed air.

A service replacement cylinder head includes the
exhaust valve guides, valve seat inserts, water nozzles,
injector tubes, pilot sleeves, bridge guides, valve spring
seats and the necessary plugs. In addition, studs, cover
plates, gaskets, lock washers and nuts are provided to
seal the water outlet openings that are not required on
certain engines. A length of flexible fuel hose and fittings
are also included where required.

Injector clamp bolts or studs are not included and it is
necessary to use new parts or transfer the old parts to
the new head. Injector clamp bolts are interchangeable
with the former studs and nuts; the special washer is
used with either the bolt or stud.
CAUTION: When replacing a former cylinder
head equipped with separate fuel manifolds by
a current head, a reversal of fuel flow through
the injectors may occur. Replace the injector
fuel filters to prevent foreign matter in the old
filters from entering the injectors.
Assemble Cylinder Head
After cleaning and inspection, assemble the cylinder
head as follows:
1. Install the necessary plugs and tighten them to the
specified torque (Section 1.0). Drive headless plugs
flush to .0625" below the surface of the cylinder head.
The 3/8" socket head oil gallery plug, at each end of the
head, must not protrude more than .0625", and a .2187"
diameter rod placed in the vertical oil feed hole must
pass the inner face of the plug.
CAUTION: Apply a small amount of "dual
purpose" sealer to the threads of the plugs
only. Work the sealant into the threads and
wipe the excess with a clean lintless cloth so
that
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sealant will not be washed into the fuel and oil
passages.

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

a. Exhaust valves, valve seat inserts and springs
(Section 1.2.2).

b. Cam followers, guides, push rods, springs,
retainers, rocker arms, shafts, brackets and other
related parts (Section 1.2.1).

c. Place new washers on the fuel connectors. Then
install the connectors and tighten them to 40-45 Ib-
ft (54-61 Nm) torque.

NOTE: If separate fuel manifolds are used (early
cylinder head), install the manifolds and fuel
connectors (refer to Section 2.4)] If a new
cylinder head is used, discard the manifolds and
old fuel connectors.

d. The fuel injectors, fuel pipes, injector control tube
assembly and water manifold, if used, can be
installed at this time or after the cylinder head is
installed on the engine.

e. Attach the engine lifter brackets temporarily to the
cylinder head, without gaskets, to permit lifting the
head into position. The lifter brackers must not be
permanently attached until the cylinder head
attaching bolts have been installed and tightened to
the specified torque.

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. Check the cylinder liner flange heights with
relationship to the cylinder block (Section 1.6.3).

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

3. Make sure that each push rod is threaded into its
clevis until the end of the push rod projects through
the clevis. This is important since serious engine
damage will be prevented when the crankshaft is
rotated during engine tune-up.

4. Check the cylinder block and cylinder head gasket
surfaces, counterbores and seal grooves to be sure
they are clean and free of foreign material. Also
check to ensure that there are no burrs or sharp
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Fig. 14 - Cylinder Head Seals and Gaskets

ensure that there are no burrs or sharp edges in the
counterbores.

5. 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.

6. Check for extruded areas around the stud holes in
the top of the cylinder block, if studs are used. Also
check the studs for damaged threads.

7. Check the four corner plugs or drive pins, used to
plug the vertical oil galleries, to ensure that they are flush
with or below the top surface of the cylinder block.

Install Cylinder Head

1. Refer[to Fig. 114 and install the water and oil seal

rings and compression gaskets as follows:

a. Place a new compression gasket on top of each
cylinder liner.

b. Place new seal rings in the counterbores of the
water and oil holes in the cylinder block.

c. Install a new oil seal in the groove at the perimeter
of the cylinder block. The seal must lay flat in the
groove. Do not stretch the seal and do not use any
adhesive or other material to secure it in the groove.

NOTE: Never install used compression gaskets or seals.

2. To install the cylinder head on the engine without
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6-CYLINDER ENGINE CYLINDER HEAD

Fig. 15-Cylinder Head Bolt Tightening Sequence

disturbing the gaskets and seals, install guide studs J
9665 in two corner bolt holes in the cylinder block.

NOTE: Current four-valve cylinder heads have
piloting sleeves installed in the corner bolt holes
on the camshaft side of the head (former heads
had the piloting sleeves on the exhaust side).
The sleeves provide more accurate alignment of
the cylinder head with the block bores. Do not
install the guide studs in the bolt holes which
line- up with piloting sleeves in the head. The
guide studs are not required on early engines
which include cylinder head studs in the block.

3. Insert the hooks of a chain, attached to a hoist, in
the vent holes of the cylinder head, or the lifter brackets,
and lift the head into position above thev cylinder block.

4. Make a final visual check of the compression
gaskets and seals to ensure that they are in place before
the cylinder head is lowered. This is a very important
check. Gaskets and seals which are not seated properly
will cause leaks and " blow-by" and result in poor engine
performance and damage to the engine.

5. Wipe the bottom of the cylinder head clean. Then
lower the head until it is about 1/2 " from the surface of
the cylinder block.

6. Apply a small amount of International Compound

No. 2, or equivalent, to the threads and underside of the
head of all cylinder head attaching bolts (to stud threads
and head contact surface of stud nuts, if used). Then
install a bolt through each piloting sleeve (four- valve
head) at the corners of the head and thread them finger
tight into the cylinder block. Continue to tighten these
bolts (finger tight) as the head is lowered into position on
the cylinder block.

NOTE: Either one of two types of stud nuts are
used. Both faces of one nut are square with the
threads. The other type nut has a shoulder on
one face. The shoulder side must contact the
cylinder head.

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

7. After the head is in place, remove the guide studs
and chain hoist and install the remaining bolts. However,
before tightening the bolts (or nuts), loosen - the lifter
bracket-to-cylinder head attaching bolts, otherwise the
head may be prevented from seating properly on the
cylinder block. A similar condition could exist if the
exhaust manifold is attached to the cylinder head.
Clearance must be assured between the exhaust
manifold and the bosses on the cylinder block. On some
engine models, these bosses serve as a rest
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Fig. 16 - Lifter Bracket Bolt Tightening Sequence

for the exhaust manifold after the cylinder head has been
installed on the cylinder block.

8. Tighten the bolts (or nuts) to 175-185 Ib-ft (238-251
Nm) torque with a torque wrench, one-half turn at a time,
in the sequence shown in[Fig._15] Begin on the cam
follower side of the head to take up tension in the push
rod springs. Tighten the bolts to the high side of the
torque specification, but do not exceed the limit or the
bolts may stretch beyond their elastic limits. Attempting
to tighten the bolts in one step may result in trouble and
consequent loss of time in diagnosis and correction of
difficulties, such as compression leaks, when the engine
is put into operation.

NOTE: Tightening the cylinder head bolts will not
correct a leaking compression gasket or seal.
The head must be removed and the damaged
gasket or seal replaced.

9. Tighten the two flywheel housing attaching bolts
directly below the rear lifter bracket. Install a new gasket
and secure the rear engine lifter bracket to the cylinder
head and the flywheel housing. Tighten the bolts to 55-
60 Ib-ft (75-81 Nm) torque when threaded into cast iron
or 35-40 Ib-ft (47-54 Nm) torque when threaded into

aluminum|[({Eig._16).

10. Affix a new gasket to the front lifter bracket and
attach the bracket to the cylinder head and the balance
weight cover. Tighten the bolts in the same sequence
and to the same torque as on the rear lifter bracket bolts.

11. If the fuel injectors were not previously installed,
refer to Section 2.1 or 2.1.1 and install them at this time.

12. On a four-valve cylinder head, adjust the exhaust
valve bridges as outlined in[Secfion 1.2.2]

13. Tighten the rocker arm bracket bolts to the
specified torque (Section 1.0).

14. Align the fuel pipes and connect them to the
injectors and the fuel connectors. Use socket J 8932-01
to tighten the connections to 12-15 Ib-ft (16-20 Nm)
torque.

CAUTION: Do not bend the fuel pipes and do
not exceed the specified torque. Excessive
tightening will twist or fracture the flared ends
of the fuel pipes and result in leaks.
Lubricating oil diluted by fuel oil can cause
serious damage to the engine bearings.

15. 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 one end of
the control tube return spring hooked around an injector
rack control lever and the other end hooked around a
control tube bracket, tighten the bracket bolts to 10-12 Ib-
ft (14-16 Nm) torque.

16. After tightening the bolts, revolve the injector control
tube to be sure the return spring pulls the injector racks
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.

17. Attach the fuel rod to the differential lever in the
governor housing. Secure the governor to the cylinder
head with bolts and lock washers.

18. Connect the governor fuel rod to the injector control
tube lever.

19. Install the fuel filter and connect the fuel lines.

20. Install the exhaust manifold.

21. If used, install the water manifold.

22. Install the temperature gage thermocouple in the

adaptor at the rear end of the water manifold.
23. Install the thermostat and secure the thermostat
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housing to the water manifold with four bolts and lock
washers.

24. Install the hose between the thermostat housing
outlet elbow and the radiator and secure it with two
clamps.

25. Install any other equipment or parts that were
previously removed.

26. Refer to[ Section 13.1] under Preparation for
Starting Engine First Time and fill the cooling system
and lubrication system.

27. Before starting the engine, perform an engine tune-
up as outlined in|{Section 14
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VALVE AND INJECTOR OPERATING MECHANISM

Three rocker arms are provided for each cylinder[(Fig]
[1); the two outer arms operate the exhaust 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 exhaust valve springs.

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

Each cam follower operates in a bore in the cylinder
head. A guide for each set of three cam followers is
attached to the bottom of the cylinder head to retain the
cam followers in place and to align the cam follower
rollers with the camshatft lobes.

A coil spring, inside of each cam follower, maintains a
pre-determined 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 a longitudinal oil passage on the camshaft
side of the cylinder head, which connects with the main

Fig. 1-Valve and Injector operating Mechanism (Two-
Valve Head)

with the main oil gallery in the cylinder block. Oil from
this passage flows through drilled passages in the rocker
shaft bracket bolts to the passages in the rocker arm
shaft to lubricate the rocker arms[(Fig. 2).

Overflow oil from the rocker arms lubricates the exhaust
valves, valve bridges and cam followers. The oil then
drains from the top deck of the cylinder head through oil
holes in the cam followers, into the camshaft pockets in
the cylinder block and back to the oil pan.

The cam follower rollers are lubricated with oil from the
cam followers, oil picked up by the camshaft lobes and
by oil emitted under pressure from milled slots in the
camshaft intermediate bearings.

Lubrication of the rocker arms and shafts on aluminum
cylinder heads is provided by a vertical oil passage at
one end of the cylinder head that aligns with the oil
gallery in the cylinder block. Lubricating oil from this
vertical passage enters the rocker arm shaft bracket
through an elongated hole in the end of a spacer
between the cylinder head and the rockershaft bracket
and fills the cavity surrounding the bracket hold-down
bolt. The oil flows to the passages in the rocker arm
shaft and then to the cavity surrounding the hold-down
bolt in the opposite rocker shaft bracket. From this
bracket, which is assembled on top of one end of a
slotted intermediate spacer, oil passes along a slot in the
spacer to the adjacent bracket mounted on the other end
of the spacer. The intermediate spacers thus serve to
channel lubricating oil from one valve and injector rocker
arm unit to the adjacent unit.

Fig. 2-Lubrication of Valve Operating Mechanism
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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 or adjust an exhaust valve bridge or
replace a valve bridge guide (four-valve head).

4. Replace a rocker arm.

5. Replace a rocker arm shaft or bracket.

6. Replace a fuel injector.

It is also possible to replace a push rod, push rod spring,

the spring seats or a cam follower without removing the

cylinder head. However, these parts are more easily

changed from the lower side when the cylinder head is

off the engine. Both methods are covered in this section.

To replace the exhaust valves, valve guides and valve
seat inserts, the cylinder head must be removed (refer to
Section 1.2.2).

Remove Rocker Arms and Shaft

1. Clean and remove the valve rocker cover.

2. Remove the fuel pipes from the injector and the fuel

connectors.
CAUTION: Immediately after removing the fuel
pipes, cover the injector fuel inlet and outlet
openings with shipping caps to prevent dirt or
foreign material from entering.

3.  Turn the crankshaft, or crank the engine with the
starting motor, to bring the injector and valve rocker
arms in line horizontally.
CAUTION: Do not bar the crankshaft in a left-
hand direction of rotation with a wrench or barring
tool on the crankshaft bolt, or the bolt may be
loosened.
4. Remove the two bolts which secure the rocker arm
shaft brackets to the cylinder head. Remove the
brackets and shaft.
CAUTION: When removing the rocker arm shaft,
fold the three rocker arms back just far enough so
the shaft can be removed. Do not force the
rocker arms all the way back with the shaft in
place as this may impose a load that could bend
the push rods.

5. Loosen the lock nuts at the upper ends of the push
rods, next to the clevises, and unscrew the rocker arms
from the push rods.

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

Inspection

Wash the rocker arms, shaft, brackets and bolts with
clean fuel oil. Use a small wire to clean out the drilled oil
passages in the rocker arms and rocker shaft bolts. Dry
the parts with compressed air.

Inspect the rocker arm shaft and rocker arm bushings for
wear. A maximum shaft to bushing clearance of .004" is
allowable with used parts (refer td_Section 1.0).
Service replacement bushings must be reamed to size
after installation.

The current injector rocker arm used on coach engines
does not use a bushing at the push rod clevis. The bore
area is "lubrited" to provide improved lubrication in this
area.

Inspect the rocker arms for galling or wear on the pallets
(valve or injector contact surfaces). If worn, the

Fig. 3 - Removing Push Rod from Upper Side of
Cylinder Head
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surface may be refaced up to a maximum of .010".
However, proceed with caution when surface grinding to
avoid overheating the rocker arm. Maintain the radius
and finish as close to the original surface as possible.
Also inspect the valve bridges (four-valve head) for wear.

Remove Cam Follower and Push Rod (with Cylinder
Head on Engine)

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

To remove a push rod, spring, spring seats and cam
follower from the top of the cylinder head, proceed as
follows:

1. Remove the rocker arm shaft and brackets as
outlined under Remove Rocker Arms and Shaft.

2. Loosen the lock nut and unscrew the rocker arm
from the push rod to be removed. Remove the lock nut.
3. Install remover J 3092-01, a flat washer and the
lock nut on the push rod, with the lower end of the tool
resting on the upper spring seat.

4. Thread the nut down to compress the spring.

5.  Remove the spring seat retainer from the groove in

the cylinder head|[(Fig. _3).
6. Unscrew the lock nut to release the spring. Then
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Fig. 4. Cam Followers and Guide.

remove the nut, flat washer and tool from the push rod.

7. Pull the push rod, spring, spring seats and cam
follower out of the cylinder head.

Remove Cam Follower and Push Rod (Cylinder

Head Removed)

When removing the cam followers and associated paits,

tag them so they may be reinstalled in their original

location.

1. Rest the cylinder head on its side[(Fig. _4) and

remove the cam follower guide.

2. Pull the cam follower out of the cylinder head.

3. Remove the fuel pipes from the injector and the fuel

connectors.
CAUTION: Immediately after removing the fuel
pipes, cover the’ injector fuel inlet and outlet
openings with shipping caps to prevent dirt or
foreign material from entering.

4. Loosen the push rod lock nut and unscrew the push

rod from the rocker arm clevis.

5. Pull the push rod and spring assembly from the

bottom of the cylinder head.

6. Remove the push rod lock nut, spring and spring

seats from the push rod.

If the cylinder head is to be replaced, remove the spring
retainers and install them in the new head.

Inspection

Proper inspection and service of the cam follower is very
necessary to obtain continued efficient engine
performance. When any appreciable change in injector
timing or exhaust 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 usefuel old. Fuel oil working
its way in between the cam roller bushing and pin may
cause scoring on initial start-up of the engine since fuel
oil does not provide adequate lubrication. The push rods,
springs and spring seats may be washed with clean fuel
oil and dried with compressed air.
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Fig. 5 Cam Roller Clearances

Examine the cam follower rollers for scoring, pitting or
flat spots. The rollers must turn freely on their pins.
Measure the total diametric clearance and side
clearance. Install a new roller and pin if the clearances
exceed those specified in Cam followers
stamped with the letter "S" on the pin, roller and follower
body are equipped with an oversize pin and roller. The
same clearances apply to either a standard or oversize
cam follower assembly.

Examine the camshaft lobes for scoring, pitting or flat
spots. Replace the camshatft if necesary.

Check the cam follower-to-cylinder head clearance. The
Clearance must not exceed .006 " with used parts.

TM 5-3810-300-24&P-3

Examine the cam follower bores in the cylinder head to
make sure they are clean, smooth and free of score
marks. If necessary, clean-up the bores.

Inspect the push rods and spring seats for wear. The
current push rods have milled wrench flats and a bright
"turned" finish and the lower spring seats are serrated
along the push rod contact surfaces[(Fig. 6).

CAUTION: When replacing a push rod or lower spring
seat, do not use a plain spring seat (Fig._6) with a
current type push rod. Any other combination of spring
seat and push rod may

be used.

Examine the cam follower springs for wear or damage
and check the spring load. Replace a spring when a
load of less than 172 Ibs. (765 N) will compress it to a
length of 2.125". Use spring tester J 9666 and an
accurate torque wrench to check the spring load[(Fig. 7).

Replace Cam Roller and Pin

To replace a cam roller and pin, proceed as follows:
CAUTION: Do not attempt to bore out the
legs of a standard cam follower for an
oversize pin.

I.  Clamp fixture J 5840 securely in a vise as shown in

Fig. 8. Then place the cam follower in the groove in

Fig. 6 - Comparison of Push Rods and Lower Spring
eats
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Fig. 6 - Comparison of Push Rods and Lower Spring Seats
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Fig. 7 Testing Cam Follower Spring
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the top of the fixture, with the follower pin resting on top
of the corresponding size plunger in the fixture.

2. Drive the pin from the roller with a suitable drift.
Exercise caution in removing the cam follower body and
roller from the fixture as the roller pin is seated on a
spring-loaded plunger in the fixture.

3. Before installing the new roller and pin, remove
the preservative by washing the parts with clean
lubricating oil or Cindol 1705 and wipe dry. Do not use
fuel oil. After washing the parts, lubricate the roller and
pin with Cindol 1705.

4, Position the cam follower body in the groove of
the fixture, with the small plunger extending through the
roller pin hole in the lower leg of the follower body.

5. Position the new cam roller in the cam follower
body. When released, the plunger will extend into the
roller bushing and align the roller with the cam follower
body.

6. Start the new pin in the cam follower body, then
carefully tap it in until it is centered in the can follower
body.

7. Remove the cam follower from the fixture and

P s

Fig. 8-Removing or Installing Cam Follower Roller
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Fig. 9 - Valve and Injector Operating Mechanism and
Relative Location of Parts

check the side clearance [(Fig. 5). The clearance must
be .015" to .023".

Install Cam Follower and Push Rod

If new cam follower assemblies are to be installed,
remove the preservative by washing with Cindol 1705
and wipe dry. Do not usefuel oil.

Before cam followers are installed, immerse them in
clean Cindol 1705 (heated to 100-125°F or 38-52-C) for
at least one hour to ensure initial lubrication of the am
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 cawvity.

NOTE: Heat the Cindol 1705 in a small pail

Fig. 10 - Installation of Cam Followers

with a screen insert. The screen will prevent the cam
followers from touching the bottom of the pail and avoid
the possibility of contamination.

Install used cam followers and push rods in their original
locations. Refer tb Fig. 9 and proceed as follows:

CYLINDER HEAD ON ENGINE:

1. Note the oil hole in the bottom of the cam follower.
With the oil hole directed away from the exhaust valves
[(Fig.__10), slide the cam follower in position in the
cylinder head.

2. Assemble the serrated lower spring seat[(Fig. 6),
spring and upper spring seat on the push rod.

3. Place a flat washer over the upper spring seat and
start the lock nut on the push rod. Place tool J 3092-01
on the push rod between the washer and the upper
spring seat and place the push rod assembly in- the cam
follower. Then thread the lock nut on the push rod until
the spring is compressed sufficiently to permit the spring
retainer to be installed. Install the retainer with the tangs
facing the notch in the cylinder head.

4. Remove the nut, flat washer and tool. Then
reinstall the lock nut and thread it as far as possible on
the push rod.

CYLINDER HEAD REMOVED FROM ENGINE:

Refer t Fig. 9 and install the cam follower and pushrod
as follows:
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1. Assemble the serrated lower spring seat[{Fig._6),
spring, upper spring seat and lock nut on the push rod.

2. With the spring retainer in place in the cylinder
head, slide the push rod assembly in position from the
bottom of the head.

3. Note the oil hole in the bottom of the cam follower.
With the oil hole directed away from the exhaust valves
[(Fig._10), slide the cam follower in position from the
bottom of the head.

4. Attach the follower guide to the cylinder head to
hold the group of three cam followers in place. Check to
make sure there is clearance between the cam followers
and the cam follower guide. Tighten the guide bolts to
12-15 Ib-ft (16-20 Nm) torque (cast iron head) or 7-9 Ib-ft
(0.8-1.02 Nm) torque (aluminum head).

Install Rocker Arms and Shaft

Note that the injector rocker arm (center arm of the
group) is slightly different from the exhaust valve rocker
arms; the boss for the shaft on the left and right-hand
valve rocker arms is longer on one side. The extended
boss of each valve rocker arm must face toward the
injector rocker arm.

1. Thread each rocker arm on its push rod until the
end of the push rod is flush with or above the inner side
of the clevis yoke. This will provide sufficient initial
clearance between the exhaust valve and the piston
when the crankshaft is turned during the valve clearance
adjustment procedure.

2. If removed, install the cylinder head on the engine
(refer to Bection 1.2).

3. Lubricate the valve bridge guides (four-valve
cylinder head) with sulphurized oil (E.P. type) and
position the valve bridges in place on the guides. Refer
to Exhaust Valve Bridge Adjustment in [Section 1.2.2]and
adjust the valve bridges.

4. If removed, install the fuel injectors.

5. Apply 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, with the finished face
of the bracket next to the rocker arm.

6. Insert the rocker arm bracket bolts through the
brackets and the shaft. Tighten the bolts to the specified

torque (refer to Bection 1.0}.

7. Align the fuel pipes and connect them to the
injectors and fuel connectors. Tighten the fuel pipe nuts
to 12-15 Ib-ft (16-20 Nm) torque using socket J 8932-01.

CAUTION: Do not bend the fuel pipes and do not
exceed the specified torque. Excessive tightening
will twist or fracture the flared ends of the fuel
pipes and result in leaks. Lubricating oil diluted by
fuel oil can cause serious damage to the engine
bearings.

8. Fill the cooling system.

9. Adjust the exhaust valve clearance (Section 14.1)
and time the injectors (Section 14.2).

10. If necessary, perform an engine tune-up.

Page 47



TM 5-3810-300-24&P-3
1.2.2

EXHAUST VALVES

Four exhaust valves are provided for each cylinder[{Eig]

[2). The valve heads are heat treated and ground to the
proper seat angle and diameter, and the valve stems are
ground to size and hardened at the end which contacts
the rocker arm or exhaust valve bridge.

Pre-finished replaceable valve guides are pressed into
the cylinder head (Eig—_3)] Reaming of these guides is
unnecessary.  Certain engines are equipped with
exhaust valve guide oil seals.

Exhaust valve seat inserts are pressed into the cylinder
head and permit accurate seating of the exhaust valves
under varying conditions of temperature and materially
prolong the life of the cylinder head (Eig._3)] The inserts
are ground to very close limits and the freedom from
warpage, under ordinary conditions, reduces valve
reconditioning to a minimum. The exhaust valves and
valve seat inserts are ground to an approximate 30"
seating angle.

The exhaust valve springs are held in place by the valve
spring caps and tapered two-piece valve locks[(Eig._3).

Excess oil from the rocker arms lubricates the exhaust
valve stems. The valves are cooled by the flow of air
from the blower past the valves each time the air inlet
ports are uncovered.

Exhaust Valve Clearance
Correct valve clearance adjustment is important

A

Fig. 2 - Location of Exhaust Valves

for proper operation of the engine. Too little clearance
between the exhaust valve stem and the rocker arm
causes a loss of compression, misfiring cylinder, and
eventual burning of the valves and valve seat inserts.
Too much clearance results in noisy operation of the
engine, especially in the idling speed range. Refer to
[Section 14.7] for the procedure to be followed when
adjusting the valve clearance.

Exhaust Valve Maintenance

Efficient combustion in the engine requires that the
exhaust 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 provided.

Proper maintenance and operation of the engine is
important to long valve life. Engine operating
temperature should be maintained between 160°F. And
1850F. Low operating temperatures, usually due to
extended periods of idling or light engine loads, result in
incomplete combustion, formation of excessive carbon
deposits and fuel lacquers on valves and related parts,
and a greater tendency for lubricating oil to sludge.

Lubricating oil and oil filters should be changed
periodically to avoid the accumulation of sludge. Use only
good quality oil as specified for the engine.

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

Page 48



TM 5-3810-300-24&P-3
1.2.2 EXAUST VALVES

Fig. 3 - Assembly of Exhaust Valves and Guides

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 valves and valve seats and loss of
compression will result.

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 oll
which forms a soft sticky carbon and gums the valve
stems, and bent or worn valve guides. Sticking valves
may eventually result in valves being held in the open
position, being struck by the piston and becoming bent or
broken.

It is highly important that injector timing and valve
clearance be accurately adjusted and inspected
periodically. Improperly timed injectors will have adverse
effects upon combustion. Tightly adjusted valves will
cause rapid pitting of the valve seats and a hotter
running condition on the valve stems.

The cylinder head must first be removed before the
exhaust valves, valve seat inserts or valve guides can be
removed for replacement or reconditioning. However, the
valve springs may be removed without removing the
cylinder head, if necessary.

Remove Exhaust Valve Spring
It is possible, if occasion requires, to remove or replace
the exhaust valve springs without removing the cylinder
head. The springs, however, are normally removed
when the head is off the engine.

To remove an exhaust valve spring without removing the
cylinder head from the engine, proceed as follows:
1. Remove the valve rocker cover.

2. Rotate the crankshaft to bring the valve and injector
rocker arms in line horizontally.

NOTE: When using a wrench 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 will be loosened.

3. Disconnect and remove the fuel pipes from the
injectors and the fuel connectors.

CAUTION: Immediately after removing the fuel
pipes, cover each injector opening with a
shipping cap to prevent dirt or other foreign
matter from entering the injector.

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

5. Remove the exhaust valve bridge (four valve
cylinder head only), and bridge spring, if used.

6. Remove the cylinder block air box cover so piston
travel may be observed; then, turn the crankshaft until
the piston is at the top of its stroke.

7. Thread the valve spring compressor adaptor J
7455-7 into the rocker shaft bolt hole in the cylinder
head. Apply pressure to the end of the valve spring
compressor handle J 7455-3

Fig. 4 - Removing Exhaust Valve Spring with Tool J 7455
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to compress the valve spring. Remove the two-
piece tapered valve lock[(Fig. 4).

8. Release the tool and remove the spring cap, valve
spring and spring seat; also remove and discard the
valve guide oil seal if used.

To remove an exhaust valve spring with the cylinder
head removed from the engine, use the following
procedure:

1. Support the cylinder head on wood blocks 2" thick
to keep the cam followers clear of the work bench.

2. Remove the fuel pipes from the injector and the
fuel connectors.

3.  Remove the two bolts holding the rocker arm shaft
bracket to the cylinder head. Lift the rocker arms
and brackets up and away from the injector.

4. Remove the fuel injector.

5. Remove the exhaust valve bridges and bridge
springs, if used.

6. Remove the exhaust valve spring from the cylinder
head as previously outlined above. In addition, use
a block of wood under the cylinder head to support
the exhaust valve.

7. Remove the cam followers and push rod
assemblies as outlined in under
"Remove Cam Follower and Push Rod
Assembly (Cylinder Head Removed from Engine)".

Inspect Exhaust Valve Spring

Clean the spring with fuel oil and dry it with compressed
air. Then inspect the spring for pitted or fractured coils.
Use spring tester J 9666 and any accurate torque
wrench to check the spring load[(Fig._5).

Replace the exhaust valve spring, used on the two-valve
cylinder head, when a load of less than 25 pounds will
compress it to 2.20" (installed length).

The exhaust valve spring used on the current four valve
cylinder head has an outside diameter of approximately
61/64". Replace this spring when a load of less than 25
pounds will compress it to 1.80" (installed length).

On former four valve cylinder heads a lighter exhaust
valve spring (55/64" O.D.) was used for each valve and
also for the valve bridge. Replace this spring when a
load of less than 79 pounds will compress it to a length
of 1.416". When replacement of either the exhaust valve
spring or valve bridge spring is required, it will be
necessary to use the current larger exhaust valve

Fig. 5 - Testing Exhaust Valve Spring

springs, spring seats and caps, as the valve bridge
spring is no longer required.

Inspect the valve spring seats and caps for wear. If
worn, replace.

Examine the contact surfaces of the exhaust valve
bridge guides, bridges and adjusting screws for wear and
galling. Replace excessively worn parts.

Remove Exhaust Valves

With the cylinder head off the engine, remove the

exhaust valves as follows:

1. Remove the valve springs as outlined under
"Remove Exhaust Valve Spring" in this section.

2. Turn the cylinder head over on its side, using care
to keep the valves from dropping out.

3. Number each valve to facilitate re-installation in the
same position. Then, withdraw the valves from the
cylinder head.

Inspect Exhaust Valves

Carbon on the face of a valve indicates blowby due to a
faulty seat. Black carbon deposits extending from the
valve seats to the valve guides may result from cold
operation due to light loads or the use of too light a grade
of fuel. Rusty brown valve heads with carbon deposits
forming narrow collars near
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Fig. 6 - Cleaning Exhaust Valve Guide

the valve guides evidence hot operation 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.

If there is evidence of engine oil running down the
exhaust valve stem into the exhaust chamber, creating a
high oil consumption condition because of excessive
idling and resultant low engine exhaust back pressure,
install valve guide oil seals.

Inspect Exhaust Valve Guides

Clean the inside diameter of the valve guides with brush
J 5437 [Fig._6). This brush will remove all gum or
carbon deposits from the guides, including the spiral
grooves.

Inspect the valve guides for fractures, chipping, scoring,
or excessive wear. Check the valve-to-guide clearance,
since worn valve guides may eventually result in
improper valve seat contact. If the clearance exceeds
005", replace the valve guides.

The current valve guides[(Fig. ) are machined at the

upper end. They replace the former 45° chamfered
valve guides.

Remove Exhaust Valve Guide

1. Support the cylinder head, bottom side up, on 2"
thick wood blocks.

2. Drive the valve guide out from the bottom of the
cylinder head with tool J 6569.

Install Exhaust Valve Guide

Place the cylinder head right side up on an arbor press

and install the valve guide as follows:

1. Insert the internally threaded end of the valve

guide in the proper valve guide installing tool
(refer to chart). Be sure to use the correct tool
to avoid damage to the valve guide, and to
locate the valve guide to the proper dimension.

When replacing valve guides, the current guide
which is machined for use with a valve guide
seal should be used in place of the 45°
chamfered valve guide (Eig._7). The current
guide will facilitate field installation of valve
guide seals when it is felt their use will be
beneficial.

CAUTION: Be sure to use the correct installing tool,
otherwise damage to the valve guide will result.

Fig. 7 - Former and Current Valve Guides Used in
Cylinder Head
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VALVE GUIDE INSTALLER CHART

Distance Of
Tool Cylinder Valve Guide
No Head Guide Above Top
Of Head
J 9729 4 Valve 450 Chamfer .880"
J 21520 4 Valve Machined .690"

2. Position the valve guide squarely in the bore in the
cylinder head and press the installing tool gently to
start the guide in place [Fig._8). Then, press the
guide in until the tool contacts the cylinder head.

CAUTION: Do not use the valve guides as a means
of turning the cylinder head over or in handling the
cylinder head.

Service replacement valve guides are completely finish
reamed during manufacture and, therefore, do not
require reaming after installation.

Inspect Exhaust Valve Bridge and Guide

Inspect the valve bridge guide, valve bridge, and
adjusting screw for wear. Replace excessively worn
parts.

Former engines were equipped with spring-loaded
exhaust valve bridges. The valve bridge guides were
threaded into the cylinder head and incorporated integral
spring seats[(Fig._9). The threaded valve bridge guides
were replaced by press-fit guides. To conform with this

Fig. 8 - Installing Valve Guide

change, current cylinder heads incorporate reamed valve
bridge guide holes in place of the 7/16"-14 tapped holes.
To permit the use of spring-loaded valve bridges on a
replacement cylinder head which incorporates the press-
fit guides, separate valve bridge spring seats were used.

The press-fit valve bridge guide is hardened steel while
the valve bridge is relatively soft steel. The former
threaded valve bridge guide was soft steel
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Fig.9 -- Exhaust Valve Bridge and Guide
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Fig. 10-Removing Press-Fit Exhaust Valve Bridge Guide

and was used with a hardened steel valve bridge. The
soft valve bridge may be identified by the letter "S" forged
on one side of the bridge.

Avoid a combination of a soft steel guide and soft steel
bridge -- otherwise premature wear of the bridge and
guide will occur. For service, a threaded valve bridge
guide of hardened steel is available and is identified by a
3/16" or 1/4" drill spot in the top end.

In addition, a new valve bridge adjusting screw with a
redesigned valve contact surface replaced the former
adjusting screw. The new screw may be identified by the
machined (undercut) surface at the lower end of the
screw. Only the new adjusting screw will be available for
service and it is recommended that the former adjusting
screws be replaced at the time of an engine overhaul.

Remove Exhaust Valve Bridge Guide

Remove the valve bridge guide from the four valve
cylinder head as outlined below:

1. Remove the former threaded guide, identified by the
hexagon section at the lower end, with a J 6846 thin
wall socket.

2.  Remove the press-fit guide (Fig. _10) with tool set J
7091-01 as follows:

a. File or grind two diametrically opposite notches
1/16" deep in the side of the guide,
approximately 1-1/4" to 1-1/2" from the upper
end.

Fig. 11-Removing Broken Exhaust Valve Bridge Guide
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b. Place spacer J 7091-3 over the guide. Then
slide the guide remover J 7n91-5 over the guide
and align the set screws with the notches in the
guide. Tighten the set screws to hold the tool
securely.

c. Place spacer J 7091-4 over the guide remover.
Thread the nut on the guide remover and turn it
clockwise to withdraw the guide from the
cylinder head.

To remove a broken valve bridge guide, drill a hole
approximately 1/2" deep in the end of the guide with a
No. 3 (.2130") drill. Then, tap the guide with a 1/4"-28
bottoming tap. Thread remover J 7453 into the guide
and attach slide hammer J 2,619 to the remover tool.
One or two sharp blows with the puller weight will remove
the broken guide [(Fig._17).

Install Exhaust Valve Bridge Guide

Install the former threaded valve bridge guide with a thin
wall socket J 6846. Lubricate the threads and nylon
insert before installing the guide. Tighten the guide to
46-50 Ib-ft torque.

Install the press-fit bridge guide as follows:

1. Start the guide (undercut end first) straight into the
cylinder head.

2. Place the installer J 7482 over the guide and drive it
into place. The installer will properly position the
guide to the correct height in the cylinder head.

Inspect Exhaust Valve Seat Insert

Inspect the valve seat inserts for excessive wear, pitting,
cracking or an improper seat angle. The proper angle
for the seating face of both the valve and insert is 30%.

Remove Exhaust Valve Seat Insert

The valve seat inserts are pressed into the cylinder head

and, therefore, must be removed as outlined in the

following procedure to avoid damage to the cylinder

head.

1. Place the cylinder head on its side as shown if Figl

2. Place the collet of J 6567 inside the valve seat
insert so the bottom of the collet is flush with the
bottom of the insert.

Fig. 12 - Removing Valve Seat Insert

3. Hold the collet handle and turn the T handle to
expand the collet cone until the insert is held securely by
the tool.

4. Insert the drive bar of the tool through the valve
guide, and tap the drive bar once or twice to move the
insert about 1/16".

5. Turn the T handle to loosen the collet cone and
move the tool into the insert slightly so the narrow flange
at the bottom of the collet is below the valve seat insert.

6. Tighten the collet cone and continue to drive the
insert out of the cylinder head.

Install Exhaust Valve Seat Insert

Great care must be used during the installation of a valve
seat insert since this part is a press fit in the cylinder
head. Install the insert in the following manner:

1. Wash the cylinder head with fuel oil and dry it with
compressed air.

2. Clean the valve insert counterbore in the cylinder
head with trichloroethylene or other good solvent. Also,
wash the valve seat insert with the same solvent. Dry
both the counterbore and the insert with compressed air.
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Oil SEAL

GROOVE

CRANKSHAFT 12497

SLEEVE

Fig. 5. Use of Rear Oil Seal Spacer or Sleeve on Grooved Crankshaft

in the front cover with the lip of the seal pointed
toward the inner face of the cover.

NOTE: The vibration damper inner
cone or oil seal spacer must be removed
before installing the oil seal.

Drive the seal into the front cover with installer J
9783. The installer prevents damage to the seal
by exerting force only on the outer edge of the
seal casing.

Remove any excess sealant from the cover and
seal.

Fig. 6. Installing Oil Seal in Flywheel Housing

5.

Install the crankshaft front cover as outlined in
Section 1.3.5.

Install the vibration damper inner cone or oil seal
spacer after the front cover and seal assembly is
in place.

Install Crankshaft Rear Oil Seal

1.

Support the inner face of the flywheel housing on
a flat surface.

Install the rear oil seal spacer, if used. Install the
spacer against the shoulder in the flywheel
housing oil seal bore.

If the new seal is not pre-coated, apply a
nonhardening sealant to the periphery of the
metal casing. Then position the seal with the lip
pointed toward the inner face (or shoulder in the
counterbore) of the housing.

Coat the lip of the oil seal lightly with engine oil
(single-lip seal) or vegetable shortening (double-
lip seal). Do not scratch or nick the sealing edge
of the oil seal.

Drive the seal into the housing with installer J
9727 and handle J 3154-1[ (Fig. 6) until it is
seated against the seal spacer (if used) or on the
shoulder in the housing bore. The installer
prevents damage to the seal by exerting force
only on the outer edge of the seal casing.

If it is necessary to install the oil seal with the flywheel
housing on the engine, place oil seal expander J 22425
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(standard size seal) or expander J 4195 with handle J
8092 (oversize seal) against the end of the crankshatft.
Then, with the lip of the seal pointed toward the engine,
slide the seal over the tool and on the crankshaft.
Remove the seal expander and drive the seal in place
with installer J 9727 and handle J 3154-1.

6. Remove any excess sealant from the flywheel
housing and the seal.
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7.

Install the flywheel housing as outlined i Section]

CAUTION: If the oil seal is of the type
which incorporates a brass retainer in
the inner diameter of the seal, be sure
the retainer is in place on the seal before
installing the flywheel housing on the
engine. If the retainer is left out, oll
leakage will result.
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CRANKSHAFT MAIN BEARINGS

The crankshaft main bearings shells [(Eig._1) are
precision made and are replaceable without machining.
They consist of an upper bearing shell seated in each
cylinder block main bearing support and a lower bearing
shell 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 shells are off-
center and the tangs on the upper bearing shells are
centered to aid correct installation.

Various types of bearings have been used. Currently,
multiple layer copper-lead coplated or aluminum triplated
bearings are in use. These bearings have an inner
surface, called the matrix, of copper-lead or aluminum.
A thin deposit of babbitt is then plated onto the matrix.
This babbitt overlay has excellent resistance to friction,
corrosion and scoring tendencies which, combined with
the material of the matrix, provides improved load
carrying characteristics. These bearings are identified by
the satin silver sheen of the babbitt when new and a dull
gray after being in service.

The former copper-lead bearings had a copper color
when new and turned very dark during engine operation.

An oil hole in the groove of each upper bearing shell,
midway between the parting lines, registers with a
vertical oil passage in the cylinder block. Lubricating oil,
under pressure, passes from the cylinder block oil gallery
by way of the bearing shells to the drilled passages in the
crankshaft, then to the connecting rods and connecting
rod bearings.
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Fig. 1. Main Bearing Shells, Bearing Caps
and Crankshaft Thrust Washers

The lower main bearing shells have no oil grooves;
therefore, the upper and lower bearing shells must not
be interchanged.

Thrust washers[(Fig. 1), on each side of the rear main
bearing, absorb the crankshaft thrust. The lower halves
of the two-piece washers are doweled to the bearing cap:
the upper halves are not doweled.

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 lower
bearing shells first. The condition of lower 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.

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.

All crankshaft main bearing journals, except the rear
journal, are drilled for an oil passage. Therefore, the
procedure for removing the upper bearing shells with the
crankshaft in place is somewhat different on the drilled
journals than on the rear journal.

Remove the main bearing shells as follows:

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

Fig. 2. Removing Main Bearing Cap
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Fig. 3. Removing Upper Main Bearing Shell
(Except Rear Main)

2. Remove the oil pump and the oil inlet and outlet
pipe assemblies.

NOTE: If shims are used between the
oil pump and the main bearing caps,
save the shims so that they may be
reinstalled in exactly the same location.

3. Remove one main bearing cap at a timé_(Fig. 2)
and inspect the bearing shells as outlined under
Inspection. Reinstall each bearing shell and cap
before removing another bearing cap:

a. To remove all except the rear main
bearing shell, insert a 1/4" x 1" bolt with a
1/2" diameter and 1/16" thick head (made
from a standard bolt) into the crankshaft
journal oil hole. Then revolve the shaft to
the right (clockwise) and roll the bearing
shell out of position as shown in_Fig. 3]
The bolt head must not extend beyond the
outside diameter of the bearing shell.

b. Remove the rear main bearing upper shell
by tapping on the edge of the bearing with
a small curved rod, revolving the
crankshaft at the same time to roll the
bearing shell out as shown ih Fig. 4l

c. The lower halves of the crankshaft thrust
washers will be removed along with the
rear main bearing cap. The upper halves
of the washers can be removed for
inspection by pushing on ends of washers
with a small rod, forcing them around and
out of the main bearing support.

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 oil or no oil. Check oil filter
elements and replace them if necessary. Also check the
oil by-pass valve to make sure it is operating freely.

After removal, clean the bearings and inspect them for
scoring, pitting, flaking, etching, loss of babbitt or signs of
overheating The lower bearing shells, which
carry the load, will normally show signs of distress before
the upper bearing shells. However, babbitt plated
bearings may develop minute cracks or small isolated
cavities on the bearing surface during engine operation.
These are characteristics of and are not detrimental to
this type of bearing. They should not be replaced for
these minor surface imperfections since function of the
bearings is in no way impaired and they will give many
additional hours of trouble-free operation.

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 at point "C",

90° from the parting line, as shown in Figs. 6 and 7. Tool
J 4757, placed between the bearing shell and a

Fig. 4. Removing Upper Rear Main Bearing Shell
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LR

Fig. 5. Comparison of Main Bearing Shells

micrometer, will give an accurate measurement. The
bearing shell thickness will be the total thickness 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 .1530"
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 .1548" to
.1553". Refer to Table 1.

[t r——— A ——— e Y

<t B —————————— 3]

A—Free Diameter
B—Installed Diometer 292
C--Bearing Thickness c

Fig. 6. Main Bearing Measurements

Bearing Bearing Minimum

Size Thickness Thickness
Standard .1548"/.1553" .1530"
.002" Undersize .1558"/.1563" .1540"
.010" Undersize .1598"/.1603" .1580"
.020" Undersize .1648"/.1653" .1630"
.030" Undersize .1698"/.1703" .1680"

TABLE 1

In addition to the thickness measurement, check the
clearance between the main bearings and the crankshaft
journals. This clearance may be determined with the
crankshaft in place by means of a soft plastic measuring
strip which is squeezed between the journal and the

bearing (refer to Shop Notes in Becfion 1.0).

Fig. 7. Measuring Thickness of Bearing Shell
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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 .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 contact,
as shown by shiny spots on the back, and must be replaced.
If the clearance between any crankshaft journal and its bearing
shells exceeds .0060", all of the bearing shells must be
discarded and replaced. This clearance is .0014" to .0044"
with new parts.

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 operation, 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
fatigue 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 shell
requires replacement, install both new upper and lower
bearing shells. Also, if a new or reground crankshaft is to be
used, install all new bearing shells.

Bearing shells are available in .010", .020" and .030"
undersize for service with reground crankshafts.

To determine the size bearings required, refer to Crankshaft
Grinding in [Section 1.3] Bearings which are .002" undersize
are available to compensate for slight journal wear where it is
unnecessary to regrind the crankshatft.

NOTE: Bearing shells are NOT reworkable from
one undersize to another under any
circumstances.

Inspect the crankshaft thrust washers. If the washers are
scored or worn excessively or the crankshaft end play is
excessive, they must be replaced. Improper clutch adjustment
can contribute to excessive wear on the thrust washers.
Inspect the crankshaft thrust surfaces. Refer to Install
Crankshaft in Section 1.3. If,

THRIAST
j— - Wi SHERS

CRAMESHAFT

Fig. 8. Crankshaft Thrust Washers in Place

after dressing or regrinding the thrust surfaces, new standard
size thrust washers do not hold the crankshaft end play within
the specified limits, it may be necessary to install oversize
thrust washers on one or both sides of the rear main bearing.
A new standard size thrust washer is .1190" to .1220" thick.
Thrust washers are available in .005" and .010" oversize.

Install Main Bearing 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
bearings and to the upper end of the connecting rods will be
blocked off. Used bearing shells must be reinstalled on the
same journal from which they were removed.

1. When installing an upper main bearing shell with the
crankshaft in place, start the plain end of the bearing
shell around the crankshaft journal so that, when the
bearing is in place, the tang will fit into the groove in
the bearing support.
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2.

Fig. 9. Main Bearing Cap Marking

Install the lower main bearing shell so that the
tang on the bearing fits into the groove in the
bearing cap.

Assemble the crankshaft thrust washerd (Fig. 8)
before installing the rear main bearing cap.
Clear both halves of each thrust washer
carefully and remove any burrs from the washer
seats - the slightest burr or particle of dirt may
decrease the clearance between the washers
and the crankshaft beyond the specified limit.
Slide the upper halves of the thrust washers into
place. Then assemble the lower halves over the
dowel pins in the bearing cap.

NOTE: The main bearing caps are
bored in position and stamped 1, 2, 3,
etc[(Fig. 9). They must be installed in
their original positions with the marked
side of each cap toward the blower side
of the cylinder block.
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4. With the lower main bearing shells installed in

the bearing caps, apply a small quantity of
International Compound No. 2, or equivalent, to
the bolt or stud and nut threads and the bolt
head (or nut) contact area. Install the bearing
caps and draw the bolts (or nuts) up snug. Then
rap the caps sharply with a soft hammer to seat
them properly and tighten the bolts uniformly to
180-190 Ib-ft torque. If studs and nuts are used,
tighten the nuts to 155-185 Ib-ft torque (cast iron
block) or 120-140 Ib-ft torque (aluminum block).
Do not exceed the specified torque.

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.

Check the crankshaft end play as outlined under
Install Crankshaft in

Install the lubricating oil pump and the oil inlet
and outlet pipe assemblies.

NOTE: If shims were used between the
pump and the bearing caps, install them
in their original positions. Then check oll
pump gear clearance (Section 4.1).

Install the oil pan, using a new gasket.

Fill the crankcase to the proper level on the
dipstick with heavy-duty lubricating oil of the
recommended grade and viscosity (refer to

Lubricating Oil Specifications in[Section 13.3).

After installing new bearing shells, operate the
engine on a run-in schedule as outlined in
Section 13.2.1.
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CRANKSHAFT FRONT COVER

crankshaft pulley (Section 1.3.7) and any other
— END accessories that may be mounted on the front of
{ the crankshaft.
FE® - P x B4t BOL0
{7 3. Remove the vibration damper inner cone or oil
'\\_ " seal spacer.
4. Remove the cover attaching bolts and washers
ﬁ L(F1g. 1).
MESHAFT
SR L 5. Strike the rear face of the ears on the cover with
a soft hammer to free the cover from the dowels.
Pull the cover straight off the end of the
crankshaft.
6. Remove the cover gasket.
Fig. 1. Crankshaft Front Cover Mounting
(Vibration Damper Removed) 7. Remove and inspect the oil slinger.
The crankshaft front cover is mounted against the 8. Replace the oil seal (Section 1.3.2).
cylinder block end plate at the lower front end of the
enginel(Eig. 1). The engine is supported at the front end Install Crankshaft Front Cover
by engine supports attached to the front cover.
1. Install the oil slinger in place next to the oil pump
It will be necessary to remove the crankshaft front cover drive gear, with the dished outer diameter of the
to remove and install the crankshaft or when the engine slinger facing away from the gear.
is overhauled.
2. Shellac a new gasket to the bolting flange of the
crankshaft front cover.
Remove Crankshaft Front Cover
3. Coat the lip of the oil seal lightly with cup grease.
1. Drain the oil and remove the oil pan.
4. Attach the cover to the cylinder block front end

2. Remove the vibration damper (Section 1.3.6),

Fig. 2. Crankshaft Front Cover Details and
Relative Location of Parts
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plate with bolts and lock washers.

Fig. 3. Crankshaft Front Cover Bolt
Tightening Sequence
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5. Tighten the cover attaching bolts by following the 6. Apply a light coating of engine oil to the vibration
tightening sequence indicated irl_Fig. 3] Follow damper inner cone or the oil seal spacer and
this sequence as the bolts are drawn up and slide it into place on the crankshaft.
then tightened to their proper torque to effect a
good seal between the mating parts. Tighten the 7. Install the oil pan, using a new gasket.

3/8"-24 bolts to 25-30 Ib-ft (34-41 Nem) and the
1/2"-13 bolts to 80-90 Ib-ft (108-122 Nem) torque. 8. Refer to Lubricating Oil Specifications in_Section|

[13:3"and refill the crankcase with oil to the
proper level on the dipstick.
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CRANKSHAFT VIBRATION DAMPER

Six cylinder vehicle engines require a vibration damper to
reduce the crankshaft stresses to a safe value. Three
different types of vibration dampers are available for the
six cylinder engines and their particular use depends on
the governed speed and other characteristics of the
engine.

The three types of vibration dampers are described
below.

The double (rubber) damper shown il Eig. 1] is made up
of a light damper, a heavy damper, a hub, an inner cone,
and an outer cone. The light and heavy dampers of the
assembly are in turn made up of rubber blocks bonded to
an inertia mass in the form of metal ring on one side, and
a stamped metal disc on the opposite side.

The two metal parts are, therefore, entirely separated
and free to move within certain prescribed limits by virtue
of the rubber blocks. The light and heavy dampers are
bolted and doweled together and to the driving hub. The
hub in turn is secured in place at the front end of the
crankshaft between an inner and outer cone as shown in
Fig. 1. The two cones provide an adequate rigid
mounting when the crankshaft cap, or a pulley, is drawn
up tight against the outer cone by the bolt in the end of
the crankshaft.

The single (rubber) damper is similar to the double
damper described above except that only the light
damper is used with the hub and cones.

Even though these vibration dampers are rigidly
constructed, and should give no trouble if given proper
care; nevertheless, since rubber is used in the assembly,
certain precautions are necessary. Fuel oil and
lubricating oil, as well as excessive heat, are destructive
to rubber. The assembly, therefore, should be protected
against these destructive agents. Furthermore, for the
damper to function properly and safeguard the
crankshaft, it should be securely fastened to the shaft by
the cones and the crankshaft cap or pulley, which also
act as a cone retainer.

The viscous (fluid) type damper provides faster response
to load and speed changes, and high temperatures have
a less adverse effect than on the rubber type damper.

The viscous damper assembly consists of a sealed outer
shell, an internal flywheel, and a quantity of

UGHT  INTERTIA HEAWS
Gk PR .l._vul.;n.:ﬂI DaMFLR

ALIBEEE
BLoLE

METHL
CASD

Fig. 1. Crankshaft Cap and Double Vibration
Damper Assembly and Mounting

highly viscous fluid [Eig. 2)] The very small clearance
between the flywheel and the outer shell is filled with the
fluid which causes the flywheel to be driven upon
acceleration, and permits it to “freewheel" upon
deceleration.

During operation, the outer shell, which is firmly attached
to the crankshaft, turns at the same speed as the
crankshaft, its motion being transferred to the flywheel
through the fluid within the shell. Inasmuch as "fluid-
drive" is more or less inefficient with frequent speed
changes, considerable slippage of the flywheel will take
place as the power impulses are transmitted through the
crankshaft. In this type of operation, the slippage is
desirable since the acceleration and deceleration of the
flywheel in the damper lessens the amplitude of the
vibrations, thereby reducing their effects to a point where
they are not harmful to the engine.

The vibration damper must be removed whenever the
crankshaft, crankshaft front cover, or crankshaft front oil
seal is removed or replaced.

Remove Vibration Damper From Crankshaft

1. Remove the crankshaft pulley or cap retaining
bolt and washer.
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Fig. 2. Removing Vibration Damper
Assembly (Viscous Type)

2. Remove the crankshaft pulley or cap.

3. On rubber type vibration dampers, remove two
damper-to-hub  bolts and lock washers
diametrically opposite to each other. Two puller
holes are provided in viscous damper.

4. Reinstall the pulley crankshaft bolt and a puller
as shown i_Fig. 2] to loosen the outer cone
wedged between the crankshaft and the damper
hub. After loosening cone it may be "fished"
from the inner diameter of the damper hub with
two thin shank screwdrivers.

CAUTION: Pounding with a hammer, or
prying with other tools must not be
resorted to in removing the viscous type
damper from the crankshaft. Dents in
the damper outer case may render the
damper ineffective. The damper cannot
be repaired.

5. Slide the vibration damper or dampers with
damper hub as an assembly off the end of the
crankshaft by hand.

6. Slide the inner cone from the crankshatft.

Inspect Vibration Damper

After removal, clean the vibration damper in fuel oil and
blow dry with compressed air.

CAUTION: Do not allow fuel oil to remain
on a rubber type vibration damper too long,
but blow it dry immediately after cleaning,
otherwise damage due to the action of the
fuel oil on the rubber may result.

Inspect the rubber type damper to see that the rubber is
firmly bonded to the metal parts at each side. If the
damper has been exposed to fuel oil, lubricating oil or
excessive heat, the rubber may have become loosened
from the metal. In this event, the damper should be
discarded and replaced with a new one. Also, check to
see that the metal discs "Cf,_Fig. 1, are not bent.

Examine the viscous type damper for dents, nicks, fluid
leakage or bulges in the outer casing of the damper.
Any indications of the above are sufficient cause for
replacing the damper. Due to the close clearances
between the internal flywheel and outer casing, dents
may render the damper ineffective.

Bulges or splits indicate fluid has ignited and expansion
of resultant gases has bulged or forced the casing open
at its crimped edges.

Since the viscous type damper is a precision built closely
fitted and sealed device, it is not possible to repair it.
Regardless of condition, the viscous type damper should
be replaced at time of a periodic major engine overhaul.

If damage to the vibration damper is extensive, inspect
the crankshaft as outlined in A loose or
defective vibration damper, after extended operation,
may result in a cracked crankshaft.

Inspect the damper cones, hub, sleeve, spacer and the
end of the crankshaft for galling or burrs.  Slight
scratches or burrs may be removed with emery cloth. If
seriously damaged, the parts should be replaced and the
end of the crankshaft refinished. Check the outside
diameter of the inner cone for wear at the crankshaft
front oil seal contact surface. If worn, the oil seal and
cone should be replaced (Section 1.3.2).

Install Vibration Damper on Crankshaft

Refer to the illustrations for relative location of the parts
and assemble as follows:

1. Coat the lip of the oil seal in the front cover
(trunnion) lightly with cup grease or vegetable
shortening and lubricate the sleeve and spacer,
if used, with engine oil.

PAGE 80



TM 5-3810-300-24&P-3
VIBRATION DAMPER 1.3.6

Slide the sleeve, if used, over the large diameter
of the crankshaft and against the oil slinger,
being sure the slinger is tight against the oil
pump drive gear; then, slide the spacer against
the sleeve.

With the Woodruff keys, if used, in place, slide
the inner cone, tapered end pointing to the front
of the crankshaft next to the oil slinger, or
against the spacer, if used.

NOTE: When the vibration damper and
crankshaft pulley are bolted together
and mounted on the front end of the
crankshaft [(Eig._4), extra precaution
should be taken to be certain that the
inner cone does not prematurely clamp
to the crankshaft.

If, for any reason, the light and heavy dampers
were removed from the hub, assemble the two
dampers over the dowels and against the hub
with the flat faces of the dampers facing each
other as shown in Figs. 1 and 3. Secure the
dampers to the hub with bolts and lock washers.

Slide the damper and hub as an assembly - long
end of hub facing crankshaft cover - into
position.

CAUTION: DO NOT hit viscous type
damper with hammer to position it on the
crankshaft.

Install the crankshaft pulley and vibration
damper assembly with the damper assembly

CAITEE

CLHE
[ iy
e (1)
*ﬂ. ki
5
mEL HE&WY
COME HUN DAMPER :.I;f.::!

Fig. 3. Double Vibration Damper Details and
Relative Location of Parts
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Fig. 4. Vibration Damper and Crankshaft
Pulley Assembly Mounting

side of the pulley facing the crankshaft front
cover.

Slide the outer cone over the crankshaft and into
the hub of the vibration damper, or the
crankshaft pulley.

Install the crankshaft cap or the crankshaft
pulley.

Thread the crankshaft cap or pulley retaining bolt
with washer, if used, into the crankshaft and
tighten the bolt as follows:

a. Tighten to 180 Ib-ft torque.

b. Strike the end of the bolt a sharp blow with
a 2 to 3 Ib. lead hammer.

c. Tighten to 300 Ib-ft torque and strike the
bolt again.

d. Tighten to 290-310 Ib-ft torque.

CAUTION: The damper assembly must
be securely fastened to the crankshaft.
When the bolt is drawn up to the specified
torque, the cones will hold the damper
rigidly in place.
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CRANKSHAFT PULLEY

Fig. 1. Removing Pulley from Crankshaft
The engine application determines the type of crankshaft
pulley to be used. The crankshaft pulley is keyed to the
crankshaft and secured with a special washer and bolt.

Remove Crankshaft Pulley

The difference in the design of pulleys dictates the use of
various puller tools as outlined below:

1. Remove the bolt and washer.

2. If a rigid type pulley without any tapped holes is
being removed, use two-jaw puller J 4643.

3. |If tapped holes are provided in the pulley hub,
install the pulley bolt in the end of the crankshaft
and use puller J 4558.

Fig. 2. Crankshaft Pulley Details
Install Crankshaft Pulley

Refer t¢_Fig. 4 and install the crankshaft pulley as
follows:

1. Place the Woodruff keys in the key slots in the
front end of the crankshaft, if they were
removed.

2. Slide the pulley over the end of the crankshatft.

3. Place the washer on the bolt and thread the bolt
into the end of the crankshaft, drawing the pulley
tight against the oil seal spacer.

If the engine is equipped with a vibration damper, the
pulley must be drawn tight against the outer cone.

4. Tighten the crankshaft pulley retaining bolt as
follows:

a. Tighten the bolt to 180 Ib-ft torque.

b. Strike the end of the bolt a sharp blow with
a 2 or 3 Ib. lead hammer.

c. Tighten the bolt to 300 Ib-ft torque and
strike the bolt again.

d. Tighten the bolt to 300 Ib-ft torque.
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FLYWHEEL

The flywheel[(Eig._1) is attached to the rear end of the
crankshaft with six self-locking bolts. Two dowels in the
end of the crankshaft aid flywheel alignment and provide
support when the flywheel bolts are removed. A scuff
plate is used between the flywheel and the bolt heads to
prevent the bolt heads from scoring the flywheel surface.

NOTE: Some early engines did not
incorporate crankshaft dowels.

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

On current engines, a split tube type retainer (Fig. 2) is
driven in the end of the crankshaft to prevent the pilot
bearing from entering the crankshaft cavity.

Former engines used a washer type retainer The
flywheel is machined to provide true alignment with the
clutch, and the center bore provides for installation of a
clutch pilot bearing. The clutch is bolted to the flywheel.

An oil seal ring, which provides an oil tight connection
between the crankshaft and the flywheel, is fitted into a
groove on certain flywheel assemblies.

The flywheel must be removed for service operations
such as replacing the starter ring gear, crankshaft or
flywheel housing.

L FLYWHEEL

BOLT

Fig. 1. Typical Flywheel Assembly

Remove Flywheel (Transmission Removed)

1. Remove the six flywheel attaching bolts and
scuff plate.

CAUTION: If the crankshaft is not provided with dowels,
install one flywheel bolt after removing the scuff plate to
hold the flywheel in place until the lifting tool is attached.

2. Attach flywheel lifting tool J 6361-01 to the
flywheel with two 7/16"-14 bolts of suitable length
or use tool J 25026. Remove the remaining
flywheel attaching bolt.

3. Attach a chain hoist to the lifting tool to support
the flywheel as shown ih Fig. 3|

4. 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.

5. Remove the clutch pilot bearing, if used, as
outlined in

6. Remove the washer type pilot bearing retainer, if
used. It is not necessary to remove the split
tube type retainer.

—
CRANKSHAFT BEARING
i EAINER
: / RETAINER (WASHER TYPE)
r CRANKSHAFT BEARING
. AINER
4

/ 1675

RETAINER(SPLIT TUBE TYPE)

Fig. 2. Pilot Bearing Retainers
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Fig. 3. Removing Fl;whee/
7. Remove the oil seal ring, if used.
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 .020" of
metal from the flywheel. Maintain all of the radii when
refacing 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 brinelling.

On crankshafts with dowels, be sure and check the
dowel extension. Dowels must not extend more than
1/2" (13 mm) from the crankshatft.

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.

New bolts should be used to mount or remount the
flywheel. However, if the original bolts are determined to
be serviceable and are to be reused, clean them
thoroughly before starting the assembly procedure.

Remove Ring Gear

Note whether the ring gear teeth are chamfered. The
replacement gear must be installed so that the chamfer
on the teeth faces the same direction with relationship to
the flywheel as on the gear that is to be removed.

Then remove the ring gear as follows:

1. Support the flywheel, crankshaft side down, on a
solid flat surface or 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.

CAUTION: Do not, under any circum-
stances, heat the gear over 400°F (204°C);
excessive heat may destroy the original heat
treatment.

NOTE: Heat indicating "crayons", which are
placed on the ring gear and melt at a certain
temperature, may be obtained from most
tool vendors. Use of these "crayons" will
ensure against overheating the gear.

3. Use a pair of tongs to place the gear on the
flywheel with the chamfer, if any, facing the
same direction as on the gear just removed.

4. 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 caution.
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Fig. 13. Installing Valve Seat Insert

Inspect the valve seat insert counterbore in the
cylinder head for cleanliness, concentricity,
flathess and cracks. The counterbores in a two
valve cylinder head have a diameter of 1.626" to
1.627" and a depth of .3705" to .3845". The
counterbores in a four valve cylinder head have
a diameter of 1.260" to 1.261" and a depth of
.338" to .352". The counterbores must be
concentric with the valve guides within .003" total
indicator reading. If required, use a valve seat
insert which is .010" oversize on the outside
diameter.

Immerse the cylinder head for at least 30
minutes in water heated to 180°F. to 200°F.

Rest the cylinder head, bottom side up, on a
work bench and locate the insert squarely in the
counterbore, seating face up. Install the insert in
the cylinder head while the head is still hot and
the insert is at room temperature, otherwise
installation will be difficult and the parts may be
damaged.

Drive the insert in place with installer J 1736 (two
valve head) or J 6568 (four valve head) as
shown if_Fig. 13| until it seats solidly in the
cylinder head.

Grind the valve seat insert and check it for
concentricity in relation to the valve guide as
outlined below.

Recondition Exhaust Valve and Valve Seat Insert

Reface an exhaust valve which is to be reused as shown
in Fig. 14] The edge of the valve at the valve head must
not be less than 1/32" in thickness and still be within the
specifications shown in Fig. 16, after refacing.

Before installing either a new or used valve, examine the
valve seat insert in the cylinder head for proper valve
seating. The proper angle for the seating face of both
the valve and valve insert is 30°.

The angle of the valve seat insert must be exactly the
same as the angle of the valve face to provide proper
seating of the valve.

When a new valve seat insert is installed or an old insert
is reconditioned, the work must be done with a grinding
tool as illustrated i

The eccentric grinding method for reconditioning a valve
seat insert 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 micrometer feed permits the operator to feed the
grinding wheel into the work .001" at a time.

The eccentric valve seat grinder set J 8165, used to
recondition or grind the valve seat inserts for a two valve
cylinder head, consists of:

Grinder J 8165-1.

Dial gage J 8165-2.

Pilot J 8165-3.

Grinding wheel **? J 8165-4.
Grinding wheel %39°) J 8165-5.
Grinding wheel (%0 3 8165-7.

oA~ wWNE

Fig. 14. Refacing Exhaust Valve
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Eccentric valve seat grinder adapter set J 6390 is used
in conjunction with J 8165 to grind the inserts in a four
valve cylinder head and consists of the following:

1.

2.

3.

4.

Pilot J 6390-1.
Grinding wheel (15°) J 6390-2.
Grinding wheel (30°) J 6390-3.

Grinding wheel (60°) J 6390-4.

Grind the inserts as follows:

1.

First apply the 30° grinding wheel on the valve
seat insert.

Use the 60° grinding wheel to open the throat of
the insert.

Grind the top surface of the insert with the 15°
wheel to narrow the width of the seat to the

dimensions shown il Eig. 16]

CAUTION: Do not permit the grinding
wheel to contact the cylinder head when
grinding the inserts.

If necessary, the grinding wheel may be dressed
to the correct seat angle with the tool provided in

the grinder set[(Eig. 17).

The maximum amount the exhaust valve should
protrude beyond the cylinder head (when the
valve is in the closed position), and still maintain
the proper piston-to-valve clearance, is shown in
Fig. 16. Grinding will reduce the thickness of the
valve seat insert and cause the valve to recede
into the cylinder head. If after several grinding
operations, the valve recedes beyond these
limits replace the valve seat insert.

Fig. 1IPAGE 5. Reconditioning Valve Seat Insert

CAUTION: Engines with 18.7:1
compression ratios must incorporate
valve seat inserts that are no more than
.251" thick to ensure adequate
clearance between the pistons and
exhaust valves.

4. After the grinding has been completed, clean the
valve seat insert thoroughly with fuel oil and dry it
with compressed air. Set the dial indicator J
8165-2 in position as shown in[Fig. 18] and
rotate it to determine the concentricity of each
valve seat insert relative to the valve guide.
Total runout should not exceed .002". If a runout
of more than .002" is indicated, check for a bent

valve guide before regrinding the insert.

Fig.16. Relationship Between Exhaust Valve, Insert and Cylinder Head
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——

Fig. 17. Grinding Wheel Dressing Tool of Set J 8165
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When a valve seat insert runout within the desired limits
is obtained, determine the position of the contact area
between the valve and the valve seat insert in the
following manner:

1. Apply a light coat of Prussian blue, or a similar
paste, to the valve seat insert.

2. Lower the stem of the valve in the valve guide
and bounce, but do not rotate, the valve on the
insert. This procedure will indicate the area of
contact on the valve face. The most desirable
area of contact is at the center of the valve face.

After the valve seat inserts have been ground and
checked, thoroughly clean the cylinder head before
installing the valves.
Install Exhaust Valves and Springs
After the valve guides have been checked or replaced,
the valves and valve seat inserts replaced or
reconditioned, and the proper valve spring caps and
seats selected, install the exhaust valves as follows:

1. Clean the valve guides.

2. Lubricate the valve stems and slide the valves all
the way into the guides.

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

Hold the valves in place with a strip of masking
tape and turn the cylinder head right side up on
the work bench. Place a board under the head
to support the valves and to provide clearance
between the cam followers and the bench.

Install the valve spring seats.

Install the valve guide oil seal, if used, on the
valve guide as follows:

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 the seal rests on
the top of the valve guide.

c. Remove the installation cap.

Fig. 18. Determining Concentricity of Valve Seat
Insert with Dial Indicator J 81PAGE 6PAGE 5-2
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Fig. 19. Former and Current Exhaust Valve Spring Caps

6.

10.

Install the valve springs, and valve spring caps.

NOTE: The current valve spring cap
has a ridge for identification purposes on

the upper tapered surface(Fig. 19).

Thread the valve spring compressor J 7455 into
one of the rocker shaft bolt holes in the cylinder

head (Fig. 4).

Apply pressure to the free end of the too; to
compress the valve spring and install the two-
piece tapered valve lock. Exercise care to avoid
scoring the valve stem with the valve cap when
compressing the spring.

NOTE: Compress the valve spring only
enough to permit installation of the valve
locks. Compressing the spring too far
may result in damage to the valve guide
oil seal if used.

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

NOTE: After the valves have been
installed, make sure that none of the
valve heads protrude more than the
limits shown il Fig. 16 hbove the surface
of the cylinder head when the valves are
fully closed.

With the exhaust valves installed in the cylinder
head, refer to Fig. 20 Jand, using spring checking
gage WRE 500-60, note the gage reading the

11.

moment the exhaust valve starts to open. The
minimum pressure required to start to open the
exhaust valve must not be less than 20 pounds
(2 valve spring design).

Install the cylinder head (see "Pre-Installation
Inspection” and "“Install Cylinder Head" i

[1.2). Adjust the exhaust valve bridges.

Exhaust Valve Bridge Adjustment

On an engine equipped with a four valve cylinder head,
the exhaust valve bridge assembly is adjusted and the
adjustment screw is locked securely after the cylinder
head is installed on the engine. Until wear occurs, or the
cylinder head is reconditioned, no further adjustment is
required on the valve bridge. A complete valve bridge
adjustment is performed as follows:

1.
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Place the valve bridge in a vise or holding fixture
J 21772 and loosen the lock nut on the bridge
adjusting screw.

CAUTION: Loosening or tightening the
lock nut with the bridge in place may
result in a bent bridge guide or bent rear
valve stem.

& i

Fig. 20. Checking Pressure Required to Open

the Exhaust Valve in Cylinder Head



TM 5-3810-300-24&P-3
1.2.2 EXHAUST VALVES

Install the valve bridge on the valve bridge guide,
without the spring (if a spring-loaded bridge is
used).

While firmly pressing straight down on the pallet
surface of the valve bridge, turn the adjusting
screw clockwise until it just touches the valve
stem. Then, turn the screw an additional 1/8 to
1/4 turn clockwise and tighten the lock nut finger

tight[(Fig. 21).

Remove the valve bridge and place it in a vise.
Use a screw driver to hold the adjustment screw
from turning and tighten the lock nut to 20-25 Ib-
ft torque.

Lubricate the valve bridge guide and the valve
bridge with engine oil.

Reinstall the valve bridge in its ORIGINAL
position, without the spring (if a spring-loaded
bridge is used).

Place a .0015" feeler gage J 23185 under each
end of the valve bridge. Use a narrow strip cut
from .0015" feeler stock to fit in the bridge
locating groove over the inner exhaust valve.
While pressing down on the pallet surface of the
valve bridge, both feeler gages must be tight. If
both of the feeler gages are not tight, readjust
the adjusting screw as outlined in Steps 3 and 4.

Fig. 21. Valve Bridge Adjustment
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10.

11.

12.

13.

14.

15.

16.

Remove the valve bridge and reinstall it in its
ORIGINAL position with the spring in place (if a
spring-loaded bridge is used).

Adjust the remaining valve bridges in the same
manner.

Swing the rocker arm assembly into position,
making sure the valve bridges are properly
positioned on the rear valve stems. This
precaution is necessary to prevent valve damage
due to mislocated valve bridges. Tighten the
rocker arm shaft bracket bolts to the torque
specified in Section 1.2.0.

Align the fuel pipes and connect them to the
injectors and the fuel connectors. Use socket J
8932-01 and a torque wrench to tighten the
connections to 12-15 Ib-ft torque.

CAUTION: Do not bend the fuel pipes
and do not exceed the specified torque.
Excessive tightening will twist or fracture
the flared ends of the fuel pipes and
result in leaks. Lubricating oil diluted by
fuel oil can cause serious damage to the
engine bearings.

Fill the cooling system.

NOTE: Remove the vent plug from the
thermostat housing or open the vent
valve when filling the cooling system.

Adjust the exhaust valve clearance and time the
injectors as outlined in [Section 14.1| and 14.2

before starting the engine.

Start the engine and check for leaks in the fuel,
water and lubrication systems.

Perform the final tune-up as outlined ir_Section|
[I4_dfter the engine has reached its normal
operating temperature.

Install the valve rocker cover.
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VALVE ROCKER COVER

The valve rocker cover assembly[(Eig. 1) completely
e BoLT encloses the valve and injector rocker arm compartment
at the top of the cylinder head. The top of the cylinder
head is sealed against oil leakage by a gasket located in
the flanged edge of the cover.

An option plate is inserted in a retainer [(Fig. 1) attached
to the valve rocker cover.

The valve rocker cover assembly on certain engines may

=13 include a breather assembly or an oil filler, depending

upon the engine application.

RHOB VALVE ROCKER COVER g 7

Remove and Install Valve Rocker Cover

Clean the valve rocker cover before removing it from the
engine to avoid dust or dirt from entering the valve

Fig. 1. Typical Valve Rocker Cover Assembly mechanism. Then loosen the knobs and lift the cover
straight up from the cylinder head. Use a new gasket
when re-installing the cover.
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CRANKSHAFT

The crankshaft [Eigs. 1]and 2) is a one-piece steel
forging, heat-treated to ensure strength and durability.
All main and connecting rod bearing journal surfaces are
induction hardened.

Complete static and dynamic balance of the crankshaft 5.
has been achieved by counterweights incorporated in the
crankshatft.
The crankshaft end play is controlled by thrust washers 6.
located at the rear main bearing cap of the engine. Full
pressure lubrication to all connecting rod and main
bearings is provided by drilled passages within the
crankshaft and cylinder block.
Two doweld (Fig. 2) and six tapped holes are provided in
the rear end of the crankshaft for locating and attaching
the flywheel. One hole is unequally spaced so that the
flywheel can be attached in only one position.
7.
Each main bearing journal is 3-1/2" in diameter and each
connecting rod journal is 2-3/4" in diameter. 8.
Remove Crankshaft 9.
When removal of the crankshaft becomes necessary, 10.
first remove the transmission, then proceed as follows:
11.
1. Clean the exterior of the engine.
12.
2. Drain the cooling system.
13.
3. Drain the engine crankcase.
14.
COUNTERSWEIGHT COrRHECTIFNG ROD

JOLEE A

e 2S00

4. Remove all engine to base attaching bolts.

Then, with a chain hoist and sling attached to the
lifter brackets or eye bolts at each end of the
engine, remove the engine from the vehicle.
Remove all of the accessories and assemblies
with their attaching parts as necessary to permit
the engine to be mounted on an overhaul stand.

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

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 if the engine
breaks away from the stand.

Remove the oil pan.

Remove the lubricating oil pump.
Remove the flywheel and flywheel housing.
Remove the crankshaft cap or pulley.
Remove the vibration damper, if used.
Remove the front engine support.

Remove the crankshaft front cover.

Remove the vibration damper inner cone or oil
seal spacer.

SEAR Al
BEARIFG JOURRAL

-

Fig. 1. Typical Six Cylinder Crankshaft
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Fig. 2. Crankshaft, Timing Gear and Oil Pump Drive Gear Assembly - Four Cylinder Engine

15. Remove the cylinder head. If the crankshaft shows evidence of excessive
overheating, replace the crankshaft since the heat
16. Remove the connecting rod bearing caps. treatment has probably been destroyed.
17. Remove the main bearing caps. Used crankshafts will sometimes show a certain amount
of ridging caused by the groove in the upper main
18. Remove the thrust washers from each side of bearing shell or lower connecting rod bearing shell[{(Eig]
the rear main bearing. [3). Ridges exceeding .0002" must be removed. If the
ridges are not removed, localized high unit pressures on
19. Remove the pistons, connecting rods and liners. new bearing shells will result during engine operation.
20. Remove the crankshaft, including the timing The ridges may be removed by working crocus cloth, wet
gear and oil pump drive gear (Fig. 2). with fuel oil, around the circumference of the crankshaft
21. Refer to| Section 1.7.5 for removal of the —
crankshaft timing gear and[Section 4.7 for the
procedure covering removal of the oil pump drive J i
gear. )
Inspection

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

P

Remove the plugs and clean out the oil passages
thoroughly with a stiff wire brush. Clean the crankshaft
with fuel oil and dry it with compressed air. Then reinstall
the plugs.

170

Inspect the keyways for evidence of cracks or wear.

Replace the crankshaft, if necessary.
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journal. If the ridges are greater than .0005", first use
120 grit emery cloth to clean up the ridge, 240 grit emery
cloth for finishing and 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
condition 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 .001", the crankshaft may have to be
reground.

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

Slight ridges on the crankshaft oil seal contact surface
may be cleaned up with emery cloth and crocus cloth in
the same manner as detailed for the crankshaft journals.
If the crankshaft cannot be cleaned up satisfactorily, the
oil seal may be repositioned in the flywheel housing as
outlined in

Check the crankshaft thrust surfaces for excessive wear
or grooving. If only slightly worn, the surfaces may be
dressed with a stone. Otherwise it will be necessary to
regrind the thrust surfaces.

Check the oil pump drive gear and the crankshaft timing
gear for worn or chipped teeth. Replace the gears, if
necessary.

Check the crankshaft dowel extension. Current dowels
extend 1/2" from the crankshaft while former dowels
extend 5/8".

Inspect the crankshaft for cracks as outlined under
Inspection for Cracks.

CRANKSHAFT RUNOUT
Max. Runout
Engine Journals (Total indicator
reading)
6-71 At No. 2 and No. 6 .002"
At No. 3 and No. 5 .004"
At No. 4 .006"
TABLE 1

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.

When the runout on the adjacent journals is in opposite
directions, the sum must not exceed .003" total indicator
reading. When the runout on the adjacent journals of the
four and six cylinder crankshaft is in the same direction,
the difference must not exceed .003" total indicator
reading. If the runout limit is greater than given in Table
1, the crankshaft must be replaced.

Measure all of the main and connecting rod bearing
journals[(Fig. 6)] Measure the journals at several places
on the circumference so that taper, out-of-round and
bearing clearances can be determined. If the crankshaft
is worn so that the maximum journal-to-bearing shell
clearance (with new shells) exceeds .0044", the
crankshaft must be reground. Measurements of the
crankshaft should be accurate to the nearest .0002".
Also, if the journal taper of a used crankshaft exceeds
.0015" or the out-of-round is greater than .001", the
crankshaft must be reground.

Also measure the crankshaft thrust surface$ (Fig.8).
Inspection for Cracks

Carefully check the crankshaft for cracks which start at
an oil hole and follow the journal surface at an angle of
45° to the axis. Any crankshaft with such cracks must be
rejected. Several methods of determining the presence
of minute cracks not visible to the eye are outlined below.

Ll
—7)
t t
L

Fig. 4. Critical Crankshaft Loading Zones
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Fig. 5. Crankshaft Fatigue Cracks

Magnetic Particle Method: 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 particle method, but is more
sensitive since it employs 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
fluorescent 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 flaws by capillary action.
Inspection is carried out under "black light".

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
impaired 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.

All Detroit Diesel crankshafts are magnetic particle
inspected after manufacture to ensure against any shafts
with  harmful indications getting into the original
equipment or factory parts stock.

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
practically no stress over most of the surface. Certain
small areas, designated as critical areas, sustain most of

the load(Fig. 4).

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 pulleys. Also, drive belts
which are too tight may impose a bending load upon the
crankshatft.

Failures resulting from bending start at the pin fillet and
progress throughout the crank cheek, sometimes
extending into the journal fillet. If main bearings are
replaced due to 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 either side of the damaged
bearing.

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

A combination of abnormal speed and load conditions
may cause the twisting forces to set up a vibration,
referred to as torsional vibration, which imposes high
stresses at the locations shown in_Fig. 4]

Torsional stresses may produce a fracture in either the
connecting rod journal or the crank cheek. Connecting
rod journal failures are usually at the fillet at 45° to the
axis of the shatft.

A loose, damaged or defective vibration damper, a loose
flywheel or the introduction of improper or additional
pulleys or couplings are usual causes of this type of
failure. Also, overspeeding of the engine or resetting the
governor at a different speed than intended for the
engine application may be contributory factors.
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Conn. Rod Main Bearing
Bearing Journal Dia. Journal Dia.
Sizes "A" "B"
Standard 2.750" 3.500"
.002" Undersize 2.750" 3.500"
.010" Undersize 2.740" 3.490"
.020" Undersize 2.730" 3.480"
.030" Undersize 2.720" 3.470"
TABLE 2

As previously mentioned, most of the indications found
during inspection of the crankshaft are harmless. 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 either the critical fillet
locations or the connecting rod journal holes as shown in
Fig. 5. Replace the crankshaft when cracks of this
nature are found.

Crankshaft Grinding
In addition to the standard size main and connecting rod
bearings, .002", .010", .020" and .030" undersize

bearings are available.

NOTE: The .002 " undersize bearings
are used only to compensate for slight

2
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Fig. 6. Dimensions of Crankshaft Journals
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Crankshaft Journal Fillets

wear on crankshafts on which regrinding
iS unnecessary.

If the crankshatft is to be reground, proceed as follows:

1. Compare the crankshaft journal measurements
taken during inspection with the dimensions in
Table 2 and_Fig. 6] and determine the size to
which the journals are to be reground.

2. If one or more main or connecting rod journals
require grinding, then grind all of the main
journals or all of the connecting rod journals to
the same required size.

3. All journal fillets must have a .130" to
.160" radius between the crank cheek and the journal
and must not have any sharp grind marks [Eig_7)] The
fillet must blend smoothly into the
journal and the crank cheek and must be free of
scratches. The radius may be checked with a
fillet gage.

4. Care must be taken to avoid localized heating
which often produces grinding cracks.

Fig. 8. Standard Dimension at Crankshaft
Thrust Surfaces
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10.

Cool the crankshaft while grinding, using coolant
generously. Do not crowd the grinding wheel
into the work.

Polish the ground surfaces to an 8-12 R.M.S.
finish. The reground journals will be subject to
excessive wear unless polished smooth.

If the thrust surfaces of the crankshaft (Fig. 8)
are worn or grooved excessively, they must be
reground and polished. Care must be taken to
leave a .130" to .160" radius between each
thrust surface and the bearing journal.

Stone the edge of all oil holes in the journal
surfaces smooth to provide a radius of =3/32".

After grinding is completed, inspect crankshaft
by the magnetic particle method to see if cracks
have originated due to the grinding operation.

De-magnetize the crankshaft.
Remove the plugs and clean the crankshaft and

oil passages thoroughly with fuel oil. Dry the
shaft with compressed air and reinstall the plugs.

Install Crankshaft

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

1.

3.

Assemble the crankshaft timing gear (Section
1.7.5) and the oil pump drive gear (Section 4.1)
on the crankshaft.

Refer td_Section 1.3.4 for main bearing details
and install the upper grooved main bearing
shells in the block. 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 or reground crankshaft
is installed, ALL new main and connecting
rod (upper and lower) bearing shells and
new thrust washers must also be installed.

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

Install the upper halves of the crankshaft thrust
washers on each side of the rear main bearing
support and the doweled lower halves on each
side of the rear

Thrust Washer
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Nominal Thickness
Size
Min Max |
Standard .1190" .1220"
.005" Oversize .1255" .1270"
.010" Oversize .1300" .1320"
TABLE 3

main bearing cap. The grooved side of the
thrust washers must face toward the crankshaft
thrust surfaces.

NOTE: If the crankshaft thrust surfaces
were reground, it may be necessary to
install oversize thrust washers on one or
both sides of the rear main journal.
Refer tb Eig. 8land Table 3.

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 bearing
caps from which they were removed.

Install the bearing caps and lower bearing shells
as outlined under Install Main Bearing Shells in
Section 1.3.4.

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.

Check the crankshaft end play by moving the
crankshaft toward the gagel (Fig. 9) with a pry
bar. Keep a constant pressure on the pry bar

] -

Fig. 9. Checking Crankshaft End Play
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and set the dial indicator to zero. Then remove and
insert 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 .004" to .014" with new parts or a maximum of .018"
with used parts. Insufficient end play can be the result of
a misaligned rear main bearing or a burr or dirt on the
inner face of one or more of the thrust washers.

8. Install the cylinder liner, piston and connecting
rod assemblies (Section 1.6.3).

9. Install the cylinder head (Section 1.2).

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

11. Install the crankshaft front cover and gasket.
NOTE: Install the oil seal spacer or
inner cone after the crankshaft front
cover is in place to avoid damage to the
oil seal lip.

12. |Install the engine front support.

13. |Install the vibration damper inner cone or oil seal
spacer.
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14.

15.

16.

17.

18.

19.

20.

21.

22.

Install the vibration damper assembly, if used.
Install the crankshaft cap or pulley.

Install the lubricating oil pump assembly (Section
4.1).

Affix a new gasket to the oil pan flange and
install the oil pan.

Use a chain hoist and sling attached to the lifting
bracket or eye bolts at each end of the engine
and remove the engine from the overhaul stand.

Install all of the accessories that were removed.

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

Close all of the drains and fill the cooling system.

After replacing the main or connecting rod
bearings or instaling a new or reground
crankshaft, operate the engine as outlined in the
run-in schedule (Section 13.2.1).
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CRANKSHAFT OIL SEALS

An oil seal is used at each end of the crankshaft to retain
the lubricating oil in the crankcase. The sealing lips of
the oil seals are held firmly, but not tight, against the
crankshaft sealing surfaces by a coil spring.

The front oil seal is pressed into the crankshaft front
cover, and the lip of the seal bears against a removable
spacer or vibration damper inner cone on the end of the
crankshaft, next to the lubricating oil pump drive gear

[(Eigs. 1 and 2).

A single-lip oil seal is used at the rear end of the
crankshaft of some engines. A double-lip oil seal is used
in engines where there is oil on both sides of the seal;
the lips of the seal face in opposite directions. The rear
oil seal is pressed into the flywheel housing[(Figs. 3land
4),

Oil leaks indicate worn or damaged oil seals. Oil seals
may become worn or damaged due to improper
installation, excessive main bearing clearances,
excessive flywheel housing bore runout or grooved
sealing surfaces on the crankshaft or oil seal spacers.
To prevent a repetition of any oil seal leaks, these
conditions must be checked and corrected.

A RS HAFT
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Fig. 1. Crankshaft Front Oil Seal

Remove Crankshaft Oil Seals

Remove the crankshaft front cover (Section 1.3.5) and
the flywheel housing (Section 1.5) and remove the oil
seals as follows:

1. Support the forward face of the front cover or the
rear face of flywheel housing on wood blocks.

2. Drive the oil seal out and clean the seal bore in
front cover or flywheel housing. Discard oil seal.

When necessary, an oil seal may be removed without
removing the front cover or flywheel housing (except a
front cover that is used with trunnion mounts this cover
must be removed). This may be done by drilling
diametrically opposite holes in the seal casing and
threading metal screws, backed by flat washers, into the
casing. Remove the seal by prying against the washers
with pry bars.

Inspection

Inspect the rear end of the crankshaft for wear caused by
the rubbing action of the oil seal, dirt build-up or fretting
by the 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. Slight ridges may be
removed from the crankshaft as outlined under

Inspection in Bection 1.3

The maximum runout of the oil seal bore in the flywheel

Fig. 2. Crankshaft Front Oil Seal Mounting
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CRAMESHANT

Fig. 3. Crankshaft Rear Oil Seal

housing is .008". The bore may be checked with a dial
indicator mounted on the end of the crankshaft in a
manner similar to the procedure for checking the
flywheel housing concentricity as outlined in
This check must be made with the flywheel housing in
place on the engine and the oil seal removed.

If the crankshaft rear oil seal surface is grooved
excessively, an oil seal spacef (Fig. 5) may be installed
between the counterbore in the flywheel housing and the
oil seal. The spacer changes the relative position of the
seal and establishes a new contact surface. However,
the spacer cannot be used with a double-lip type seal
since the grooves worn in the crankshaft are too close
together to permit repositioning of the seal.

When the oil seal spacer can no longer be used, an oil
seal sleevé (Fig. 3) may be installed on the crankshaft to
provide a replaceable wear surface at the point of
contact with the rear oil seal. The oil seal sleeve may be
used with either a single-lip or double-lip type oil seal; it
can also be used in conjunction with the seal spacer.
But an oversize oil seal must be used with the sleeve.

Install an oil seal 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 olil
seal sleeve installer J 4194.

4. Wipe off any excess sealant.

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

To remove a worn sleeve, peen the outside diameter
until the sleeve stretches sufficiently so it can be slipped
off the end of the crankshatft.

Oil Seals

Current oil seals are made of an oil 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 casing. Do not remove this coating.

Install Crankshaft Front Oil Seal
1. If the oil seal is not pre-coated, apply a
nonhardening sealant to the periphery of the

metal casing.

2. Coat the lip of the new oil seal lightly with grease
or vegetable shortening. Then position the seal

Fig. 4. Crankshaft Rear Oil Seal Mounting
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Fig. 4 - Torque-Turn Limits
Install Flywheel
1. Install a new oil seal ring (if used).
2. Attach the flywheel lifting tool and, using a chain
hoist, position the flywheel in the flywheel housing (use
guide studs). Align the flywheel bolt holes with the
crankshaft bolt holes.
3. Install the clutch pilot bearing (if used).
4. Install the washer type pilot bearing retainer, if used.
To install a split tube type retainer, drive the retainer in
flush with the end of the crankshaft with a soft hammer.

CAUTION: Do not mar the bearing contact
surface of the retainer.

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

6. Remove the flywheel lifting tool.

7. Apply International Compound No. 2, or equivalent,

to the threads and to the bolt head contact area
(underside) of the remaining bolts. The bolt threads
must be completely filled with International Compound
No. 2 and any excess wiped off.

NOTE: International Compound No. 2 must
never be used between two surfaces where
maximum friction is desired, as between the
crankshaft and the flywheel.

8. Install the remaining bolts and run them in snug.

9. Remove the two bolts used temporarily to retain the
flywheel, apply International Compound No. 2 as
described above, then reinstall them.

10. Use an accurately calibrated torque wrench and
tighten the bolts to 50 Ib-ft (68 Nm) torque.

11. Turn the bolts an additional 90° -120°[(Fig._4) to
obtain the required clamping.

NOTE: Since the torque-turn method
provides more consistent clamping than the
former method of flywheel installation, bolt
torque values should be ignored.

IMPORTANT: When a clutch pilot bearing is
installed, index the flywheel bolts so that the
corners of the bolt heads do not overlap the
pilot bearing bore in the flywheel. Thus, one
of the flats of each bolt head will be in line
with the bearing bore. Always rotate bolts in
the increased clamp direction to prevent
underclamping.

12. 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 .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.
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CLUTCH PILOT BEARING

The clutch pilot bearing is pressed into the bore of the
flywheel assembly and serves as a support for the inner
end of the clutch drive shaft.

The clutch pilot bearing is held in place by a scuff plate
or bearing retainer, secured in place by the flywheel
attaching bolts.

Lubrication

A single-shielded ball type clutch pilot bearing should be
packed with an all purpose grease if not previously
packed by the manufacturer. A double-sealed ball type
clutch pilot bearing is prepacked with grease and
requires no further lubrication.

Remove Clutch Pilot Bearing (Transmission
Removed)

With the flywheel attached to the engine, remove the ball
type clutch pilot bearing as follows:

1. Remove the six bolts (and lock wires, if used)
attaching the flywheel to the crankshaft. Remove the
bearing retainer and reinstall two of the bolts to hold the
flywheel in place.

CAUTION: Install two 9/16 “-18 studs in
place of two of the flywheel bolts, on engines
without dowels in the end of the crankshaft,
to prevent the flywheel from dropping off the
end of the crankshaft.

2. With the clutch pilot bearing remover adaptor J
5901-2 attached to slide hammer J 5901-1, insert the
fingers of the adaptor through the pilot bearing and
tighten the thumb screw to expand the fingers against
the inner race of the bearing.

3. Tap the slide hammer against the shoulder on

the, shaft and pull the bearing out of the flywheel.

With the flywheel removed from the engine, the clutch
pilot bearing may be removed as follows:

1. Place the flywheel on wood supports to provide
clearance for the bearing.

2. Use bearing remover J 5901-2 as outlined
above, or tool J 3154-04 with suitable adaptor plates, to
tap the bearing from the flywheel.

Inspection

Wipe the prepacked double-sealed bearing clean on the
outside and inspect it. Shielded bearings must not be
washed; dirt may be washed in and the cleaning fluid
could not be entirely removed from the bearing. Clean
the other types of bearing thoroughly with clean fuel oil
and dry them with compressed air.

Check the bearing for free rolling by holding the inner
race and revolving the outer race slowly by hand. Rough
spots in the bearing are sufficient cause for rejecting it.

Install Clutch Pilot Bearing

1. Lubricate the outside diameter of the bearing
with clean engine oil.

2. Start the bearing in the bore of the flywheel, with
the numbered side of the bearing facing away from the
engine, and drive the bearing in place with bearing
installer J 3154-04 and suitable adaptor plates.

3. Install the flywheel on the crankshaft (refer to
Section 1.4).
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FLYWHEEL HOUSING

The flywheel housing (Eig.__1I) is a one-piece casting,
mounted against the rear cylinder block end plate, which
provides a cover for the gear train and the flywheel. It
also serves as a support for the starting motor and the
transmission.

The crankshaft rear oil seal, which is pressed into the
housing, may be removed or installed without removing
the housing (Section 1.3.2).

The size of the tapped holes in the SAE No. 1 flywheel
housings, used for transmission attaching bolts, has
been increased from 3/8”-16 to 7/16"-14 to conform with
a revision in SAE flywheel housing standards.

Remove Flywheel Housing

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

2. Remove the starting motor, oil pan, flywheel and any
accessories attached to the flywheel housing.

3. Remove the two bolts securing the engine lifter
bracket to the cylinder head. This will leave the lifter
bracket attached to the flywheel housing for conve-
nience in handling.

4. Remove the twelve attaching bolts inside of the
flywheel housing bell which attach the housing to the
idler gear hub, spacer and cylinder block. Remove the
twelve remaining bolts around the upper portion of the
housing and the two bolts which go through the rear end
plate from the front and thread into the housing [Fig. 1).

NOTE: When removing the flywheel housing
bolts, note the location of the various bolts
and washers so they may be reinstalled in
their proper location.

5. To guide the flywheel housing until it clears the end
of the crankshaft, thread four pilot studs J 1927-01 into
the cylinder block[(Fig. 2).

6. With the flywheel housing supported by a chain hoist
attached to the lifter bracket, strike the front face of the
housing alternately on each side with a soft hammer to
work it off the dowels and away from the cylinder block
rear end plate:

Inspection

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

NOTE: The flywheel housing on some
engine models had a 9.603 “ radius from the
center of the crankshaft bore to the center of
the starter hole. These engines used a 103
tooth flywheel ring gear. These flywheel
housings have been replaced by new
housings with a 9.520 “ crank-shaft bore to
starter hole radius. A 102 tooth flywheel ring
gear must be used with-the new housings.
The old ring gear is retained for service for
those engines still using the old housing.

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

The steel oil deflector used in the flywheel housing on
certain former engines is no longer required and is not
available for service. It may be discarded at time of
flywheel housing removal.

Fig. 1 - Typical Flywheel Housing Mounting
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Remove and discard the crankshaft rear oil seal. Install a
new oil seal as outlined in Section 1.3.2

Install Flywheel Housing
1. Lubricate the gear train teeth with clean engine oil.

2. Affix a new housing-to-end plate gasket to the
flywheel housing. Also, if an idler gear hole spacer is
used, attach the gaskets to the hub or the spacer or
both, as required. NO gasket is used with the current
design hub or spacer (see[Section 1.7.4).

NOTE: On certain flywheel housings, the
idler gear hole spacer is cast integrally in the
housing, opposite the idler gear [(Fig. 3). As
a result of this integral cast design, a shim
must be installed between the flywheel
housing and the cylinder block end plate.
Use grease to hold the shim on the spacer
during installation of the flywheel housing.

Fig. 2 - Remove or Installing Flywheel Housing

3. Coat the lip of the oil seal lightly with engine oil
(single-lip seal) or vegetable shortening (double-lip seal).
Do not scratch or nick the sealing edge of the oil seal.

4. Thread four pilot studs J 1927-01 into the cylinder
block to guide the housing in place [Fig. 2). Use oil seal
expander J 22425 (standard size seal) or expander J
4195 and handle J 8092 (oversize seal) on the end of the
crankshaft to pilot the oil seal on the crankshatft.

5. With the housing suitably supported, position it over
the crankshaft and up against the cylinder block rear end
plate and gasket. Remove the oil seal expander.

6. Refer to Fig. | and install the six 3/8"-16 bolts with
flat washers in the tapped holes of the idler gear hub and
idler gear hole spacer, finger tight. Remove the pilot
studs.

NOTE: If the idler gear hole spacer is
integrally cast into the housing, be sure the
shim is in place.

A self-locking type bolt and steel washer are currently
being used to attach the flywheel housing to the idler
gear hub and hole spacer. With this type bolt, the
additional operation of securing the bolts with a lock wire
is eliminated, inasmuch as the head of the bolt is so
designed that it will lock itself to the attaching member
when the specified torque is applied.

INTEGRALLY CAST
SPACER HUB

HOUSING TO
BLOCK BOLT

WASHER
~

BLOCK END PLATE

FLYWHEEL
HOUSING 12498

Fig. 3 - Idler Gear Hole Spacer Shim
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Fig. 4 - flywheel Housing Bolt Tightening Sequence
(Operation 1)

Fig. 5 - Flywheel Housing Bolt Tightening Sequence
(Operation 2)

CAUTION: The self-locking bolts must be
used in sets of three. Former drilled head
bolts, if used, MUST be locked in place with
safety wire.

7. Install the six ¥2"-13 housing to block bolts with lock
washers, finger tight.

8. Install the remaining flywheel housing attaching bolts
and washers, finger tight.

9. Refer fo_Fig. 14 for the bolt tightening sequence.
Start at number | and, using the proper sequence, bring
all bolts to within 10-15 Ib-ft (14-22 Nm) of their specified
torque, drawing the mating parts together evenly.

NOTE: When tightening the idler gear hub
bolts, turn the crankshaft to prevent any bind
or brinelling of the idler gear bearing. The
crankshaft must be rotated for the flywheel
housing bell tightening also.

10. Refer tb Fig. 5 for the final bolt tightening sequence
and, starting at number 1, tighten all of the bolts to the
specified torque. Tighten the 3/87-16 idler gear hub and
hole spacer self-locking bolts to 40-45 Ib-ft (54-61 Nm)
torque. Tighten all other 3/8"-16 and 3/8"-24 bolts to 25-
30 Ib-ft (34-41 Nm) torque, and the ¥2" -13 bolts to 90-
100 Ib-ft or 122-136 Nm torque (cast iron housing); or
71-75 Ib-ft or 96-102 Nm torque (aluminum housing). Be
sure to rotate the crankshaft when tightening the idler
gear hub bolts and flywheel housing bell.

If drilled head idler gear hub and spacer bolts are used,
tighten them to 2540 Ib-ft (34-54 Nm) torque. Line-up
the lock wire holes in the bolt heads and install the lock
wire, locking each group of three bolts together. The
wide range in the torque specification permits alignment
of the bolt heads.

11. Install the flywheel (Section 1.4).

12. Check the flywheel housing concentricity and bolting
flange face with tool set J 9737-01 as follows:

a. Refer and thread the base post J 9737-
3 tightly into one of the tapped holes in the
flywheel. Then assemble the dial indicators on
the base post.

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.
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Fig. 6 - Checking Flywheel Housing Concentricity

C.

NOTE: If the flywheel extends beyond the
housing bell, the bore and face must be
checked separately. Use the special
adaptor in the tool set to check the housing
bore.

Pry the crankshaft toward one end of the block
to ensure the end play is in one direction only.

Adjust each dial indicator to read zero at the
twelve o’clock position. Then rotate the
crankshaft one full revolution, taking 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 .013" for
either the bore or the face.

13.

e.

If the runout exceeds the maximum limits,
remove the flywheel housing and check for dirt
or foreign material, such as old gasket material,
between the end plate, flywheel. housing and
the new gasket (and between the end plate and
the cylinder block). Also make certain the idler
gear hub and the idler gear hole spacer gaskets,
if required, are used correctly. No gaskets are
required with the hub and spacer on current
units with the roller type idler gear bearing.

Reinstall the flywheel housing and the flywheel
and tighten the attaching bolts in the proper
sequence and to the specified torque. Then
recheck the runout. If necessary, replace the
flywheel housing.

Remove the bolts holding the lifter bracket to the

flywheel housing. Affix a new gasket to the bracket, then
alternately tighten the bracket-to-flywheel housing and
bracket-to-cylinder head bolts, thus drawing the bracket
into the corner formed by the cylinder head and housing
(Section 1.2.3).

14.

15.

Install the oil pan.

Remove the engine from the overhaul and

complete assembly of the engine.

Section 7.3| for the indexing procedure.

NOTE: The starting motor pad bolt ho, have
been relocated on certain SAE No. 1 and
SAT No. 2 flywheel housings. If a current
housing is installed on an early engine, the
solenoid on a Sprag clutch type starting
motor may have to be repositioned. Refer to
It
will be necessary to replace a Dyer drive
type starting motor with a Sprag clutch type
motor.
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CROSS-HEAD TYPE PISTON

The cross-head piston[(Figs. 14 and 15) is a two-piece
piston consisting of a crown and skirt. A metal oil seal
ring is used between the crown and skirt which are held
together by the piston pin. Ring grooves are machined in
the piston crown for a fire ring and two compression
rings. The crown is also machined to accept a 150’
slipper type bushing (bearing). The piston skirt
incorporates two oil control ring grooves, piston pin holes
and piston pin retainer counterbores. Equally spaced
drain holes are located in the oil ring groove area to
permit excess oil, scraped from the cylinder walls, to
return to the crankcase. A lubricating oil tube and
floating nut are contained inside of the piston pin. Two
bolts and spacers are used to attach the connecting rod
(Section 1.6.1) to the floating nut in the piston pin.

Internal parts of the piston are lubricated and cooled by
the engine lubricating oil. Oil is pressure-fed up the
drilled passage in the connecting rod, through the oil
tube in the piston pin, then through the center hole in the
bushing to the underside of the piston crown. A portion
of the oil flows along the grooves in the bushing to
lubricate the piston pin.

During engine operation, gas loads pushing down on the
piston crown are taken directly by the piston pin and
bushing. The piston skirt, being separate, is free from
vertical load distortion; thermal distortion is also reduced

NON-TURBO
CROWN

SEAL
RING

PIN
ASS'Y.

RETAINER

SPACER P SKIRT

5355

Fig. 14 - cross-Head Piston and Connecting Rod
Assembly

as the piston crown expands. As the connecting rod
swings to one side during downward travel of the piston,
the major portion of the side load is taken by the piston
skirt.

The non-turbocharged (naturally aspirated) engines use
an 18.7:1 compression ratio piston.

CAUTION: Cross-head pistons and trunk-
type pistons must not be used together in an
engine. The difference in weight of the
pistons will affect engine balance.

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.

The compression rings may be inspected through the
ports in the cylinder liners after the air box covers have
been removed. 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.
Refer to[Secfion 15.2] for the procedure for checking
compression pressure.

—_— [ — ——— -
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Fig. 15 - Cross-Head Piston and Connecting Rod
Components
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Remove Piston and Connecting Rod
1. Drain the cooling system.
2. Drain the oil and remove the oil pan.

3. Remove the oil pump and inlet and outlet pipes, if
necessary (Section 4.1).

4. Remove the cylinder head (Section 1.2).

5. Remove the carbon deposits from the upper inner
surface of the cylinder liner.

6. Use a ridge cutter to remove any ridge in the cylinder
liner at the top of the piston ring travel.

NOTE: Move the piston to the bottom of its
travel and place a cloth over the top of the
piston to collect the cuttings. After the ridge
has been removed, turn the crankshaft to
bring the piston to the top of its stroke and
carefully remove the cloth with the cuttings.

7. Remove the bearing cap and the lower bearing shell
from the connecting rod. Then push the piston and rod
assembly out through the top of the cylinder block. The

Fig. 16 - Removing or Installing Piston Rings

piston cannot be removed from the bottom of the cylinder
block.

8. Re-assemble the bearing cap and lower bearing
shell to the connecting rod.

Disassemble Piston and Connecting Rod

Note the condition of the piston and rings. Then remove
the rings and disassemble the piston as follows:

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

2. Punch a hole through the center of one of the piston
pin retainers with a narrow chisel or punch and pry the
retainer from the piston, being careful not to damage the
piston or bushing. Remove the opposite retainer in the
same manner.

3. Remove the two bolts and spacers which secure the
connecting rod to the piston pin and remove the
connecting rod.

4. Withdraw the piston pin.
5. Separate the piston skirt from the piston crown.
6. Remove the metal seal ring from the piston crown.

CAUTION: Do not remove the bushings
from the pistons used in series “N” engines
because they are not serviced separately.

Cleaning

Clean the piston components with fuel oil and dry them
with compressed air. If fuel oil does not remove the
carbon deposits, use a chemical solvent that will not
harm the piston pin bushing or the tin-plate on the piston.

The piston crown, including the compression ring
grooves, is not tin-plated and may be wire-brushed to
remove any hard carbon. Do not wire-brush the piston
skirt. Clean the ring grooves with a suitable tool or a
piece of an old compression ring that has been ground to
a bevel edge.

Clean the inside surfaces of the piston crown and skirt
and the oil drain holes in the lower half of the piston skirt.
Exercise care to avoid enlarging the holes while cleaning
them.
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Inspection

If the tin-plate on the piston skirt and the original grooves
in the piston rings are intact, it is an indication of very
little wear.

Excessively worn or scored piston skirts, rings or cylinder
liners 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 types
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.

Examine the piston skirt and crown for score marks,
cracks, damaged ring groove lands or indications of
overheating. Any piston that has been severely scored
or overheated must be replaced. Indications of
overheating or burned spots may be the result of an
obstruction in the connecting rod oil passage.

Use the magnetic particle inspection methods outlined in

e

PIST N Tl OWH

e

Fig. 17 - Checking Fire Ring Groove in Piston Crown

under Crankshaft Inspection to check for

cracks in the piston.

Check the cylinder liner and block bore for excessive
out-of-round, taper or high spots which could cause
failure of the piston (refer to [Secfion 1.0 for

specifications).

Check the tapered fire ring groove width in the current
piston crown with tool J 24599 as shown in[Fig. 17
Slide the “NO-GO” wire (.106" diameter) of the tool
completely around the fire ring groove. Should the wire
be below flush at any one area, the piston crown must be
replaced. The “GO” wire (.100"diameter) should be flush
or protrude slightly from the fire ring groove.

Inspection of the connecting rod, piston pin and piston
pin bushing are covered in

Other factors that may contribute to piston failure include
oil leakage into the air box, oil pull-over from the air
cleaner, dribbling injectors, combustion blow-by and low
oil pressure (dilution of the lubricating oil).

Fitting Piston
Measure the piston skirt diameter lengthwise and

crosswise of the piston pin bore. Measurements should
be taken at room temperature (70°F or 21°C). Refer to

[Section 1.0 for specifications.

[ T S — —_—

Fig. 18- Measuring Piston-to-Liner clearance
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Fig. 19 - Piston Ring Location (Non-
Turbocharged Engine)

A new cylinder liner has an inside diameter of 4.2495" to
4.2511“ The piston-to-liner clearance, with new parts,
will vary with the particular piston diameter (refer to
Section 1.0). A maximum clearance of .012 “ is
allowable with used parts.

With the cylinder liner installed in the cylinder block, hold
the piston skirt upside down in the liner and check the
clearance in four places 90° apart[(Fig. 18).

Use feeler gage set J 5438 to check the clearance. The
spring scale, attached to the proper feeler gage, is used
to measure the force in pounds required to withdraw the
feeler gage.

Select a feeler gage with a thickness that will require a
pull of six pounds (26.7 N) to remove. The clearance will
be .001 “greater than the thickness of the feeler gage
used, i.e., a .004” feeler gage will indicate a clearance of
.005 “ when it is withdrawn with a pull of six pounds (26.7
N). The feeler gage must be perfectly flat and free of
nicks and bends.

1007% 08407
|" — 09957 '| 0827¢

KEYSTONE 11828 RECTANGULAR
RING RING

Fig. 20 - Comparison of Fire Rings

If any bind occurs between the piston and the liner,
examine the piston and liner for burrs. Remove burrs
with a fine hone (a flat one is preferable) and recheck the
clearance.

Fitting Piston Rings

Each piston is fitted with a fire ring, two compression
rings and two oil control rings [Eig. 19).

The top (fire) ring and the upper compression ring
(second groove) are pre-stressed. Both are identified by
an oval mark on the top side. In addition, the fire ring
has a black oxide or copper colored finish on the top
side.

NOTE: The current piston crowns (18.7:1

compression ratio) have a tapered fire ring
groove.

Fig. 21 - Measuring Piston Ring Gap
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Fig. 22 - Measuring Piston Ring Side Clearance

To conform with this change, a tapered fire ring
must be used. The former piston
crown (17:1 compression ratio)) had a
rectangular fire ring . groove. Only pistons with
the tapered fire ring groove are available for
service.

A two-piece oil control ring is used in both oil ring
grooves in the pistons for non-turbocharged (naturally
aspirated) engines. A one-piece oil control ring in the
upper ring groove and a two-piece ring in the lower ring
groove are used in the pistons for turbocharged engines.

All new piston rings must be installed whenever a piston
is removed, regardless of whether a new or used piston
or cylinder liner is installed.

Insert one ring at a time inside of the cylinder liner and
far enough down to be within the normal area of ring
travel. Use a piston skirt to push the ring down to be
sure it is parallel with the top of the liner. Then measure
the ring gap with a feeler gage as shown in[Fig._21]
Refer td_Section 1.0 for ring gap specifications.

If the gap on a compression ring is insufficient, it may be
increased by filing or stoning the ends of the ring. File or
stone both ends of the ring so the cutting action is from
the outer surface to the inner surface. This will prevent
any chipping or peeling of the chrome plate on the ring.
The ends of the ring must remain square and the
chamfer on the outer edge must be approximately .015".

Check the ring side clearance as shown in(Eig._22] Ring
side clearances are specified in|Section 1.0

Install Piston Rings

Before installing the piston rings, assemble the piston as
outlined under Assemble Connecting Rod to Piston in
Section 1.6.1. Then refer to Figs. 16 and 19 and install
the piston rings.

NOTE: Lubricate the piston rings and piston
with engine oil before installing the rings.

COMPRESSION RINGS

1. Starting with the bottom ring, install the compression
rings with tool J 8128 as shown in Eig._16.]1 To avoid
breaking or overstressing the rings, do not spread them
any more than necessary to slip them over the piston.

CAUTION: When installing the top
compression (fire) ring, be sure the black
oxide or copper colored side (also identified
by an oval mark) is toward the top of the
piston.

2. Stagger the ring gaps around the piston.
OIL CONTROL RINGS

The upper and lower oil control rings used on pistons for
non-turbocharged engines consist of two halves (upper
and lower).

1. Install the ring expanders in the oil control ring
grooves in the piston.

CAUTION: When installing the oil control rings,
use care to prevent overlapping the ends of ring
expanders. An overlapped expander will cause
the oil ring to protrude beyond allowable limits
and will result in breakage when the piston is
inserted in the ring compressor during
installation in the cylinder liner. Do not cut or
grind the ends of the expanders to prevent
overlap-ping. Cutting or grinding the ends will
decrease the expanding force on the oil control
rings and result in high lubricating oil
consumption.

IMPORTANT: When peripheral abutment type
ring expanders [(Eig._11) are used, install them
with the legs of the free ends toward the top of
the piston. With the free ends pointing up, a
noticeable resistance will be encountered
during installation of the piston if the ends of the
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expander are overlapped and corrective action
can be taken before ring breakage occurs.

2. To install the one-piece ring (turbocharged engines),
position it over the upper ring groove, using tool J 8128,
with the gap 180° from the gap in the expander and the
scraper edge facing down. Press the ring against the
gap side of the expander to prevent the ends of the
expander from overlapping, then align the ring with the
groove and release the tension on the tool, permitting the
ring to slip in position.

Install the upper and lower halves of the lower oil control
ring by hand. Install the upper half with the gap 180°
from the gap in the expander. Then install the lower half
with the gap 45 from the gap in the upper half of the ring.
Make sure the scraper edges are facing down (toward

the bottom of the piston).

NOTE: The scraping edges of all oil control
rings must face downward (toward the
bottom of the piston) for proper oil control.

3. Install the upper and lower halves of both oil control
rings (non-turbocharged engines) as outlined above.

NOTE: The face of the top half of the upper
oil control ring used on 71N engines is
chrome-plated.

If there is a noticeable resistance during installation of
the piston, check for an overlapped ring expander.
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1.6.1
CONNECTING ROD
Cross-Head Type Piston
The connecting rod[{Fig._111) is forged to an “I" section
with an open or saddle type contour at the upper end and
a bearing cap at the lower end. The bearing cap and
connecting rod are forged in one piece and bored prior to
W separation.

The upper end of the connecting rod is machined to
match the contour of the piston pin. The piston pin is
secured to the connecting rod with two self-locking bolts
and spacers. The lower bearing cap is secured to the
connecting rod by two specially machined bolts and nuts.

Lubricating oil is forced through a drilled oil passage in
the connecting rod to the piston pin and bushing. A
service connecting rod includes the bearing cap and the
attaching bolts and nuts.

Fig. 11 - Connecting Rod Details

START OF FATIGUE CRACK RESULTING
FROM OVERLOADING (DUE TO HYDRO-
STATIC LOCK). DO NOT ATTEMPT TO

DO NOT USE OR ATTEMPT TO SALVAGE
RODS WITH INDICATIONS OVER 005 DEEP
EXTENDING OVER EDGES OF H™ SECTION

ON BOTH SIDES OF FLANGE. SHADED AREAS SALVAGE
ARE MOST HIGHLY STRESSED
SECTION A.A
VIEW A
d-l A
N |
| )
i — ! ] I ( . VIEW A
P | 1 . )
I S 1
I
‘J A EXAMPLE OF A TRANSVERSE INDICATION

THAT DOES NOT FOLLOW LONGITUDINAL
FORGING FLOW LINES CAN BE EITHER A
FORGING LAP, HEAT TREAT CRACK, OR
START OF A FATIGUE CRACK

EXAMPLE OF AN INDICATION
FOLLOWING LONGITUDINAL
. FORGING FLOW LINES.

CRITICAL AREA
ACCEPTABLE LIMITS

F‘— NON-CRITICAL AREA -

INDICATIONS IN NON.CRITICAL AREAS
ARE ACCEPTABLE UNLESS THEY CAN
BE OBSERVED A5 OBVIOUS CRACKS
WITHOUT MAGNETIC INSPECTION

LONGITUDINAL INDICATIONS
FOLLOWING FORGED FLOW LINES
ARE USUALLY SEAMS AND ARE NOT
CONSIDERED HARMFUL IF LESS THAN
's3 DEEP. DEPTH CAN BE DETER-
MINED BY GRINDING A SMALL AREA
NEAR THE CENTER OF THE INDICA.
TION

TRANSVERSE INDICATIONS (ACROSS FLOW LINES),
HAVING A MAXIMUM LENGTH OF '», WHICH CAN
BE REMOVED BY GRINDING NO DEEPER THAN ‘“as
ARE ACCEPTABLE AFTER THEIR COMPLETE RE-

MOVAL AN EXCEPTION TO THIS IS A ROD HAVING

AN INDICATION WHICH EXTENDS OVER THE EDGE
OF "H' SECTION AND IS PRESENT ON BOTH SIDES
OF THE FLANGE IN THIS CASE. MAXIMUM ALLOW.
ABLE DEPTH IS5 005 (SEE SECTION A Aj

GRINDING NOTES

CARE SHOULD BE TAKEN IN GRINDING OUT IN-
DICATIONS TO ASSURE PROPER BLENDING OF
GROUND AREA INTO UNGROUND SURFACE SO
AS TO FORM A 5MOOTH CONTOUR.

GOOD PRACTICE
11601

POOR PRACTICE

Fig. 12 - Magnetic Particle Inspection Limits for Connecting Rod
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Fig. 15 - Tightening Connecting Rod to Piston Pin Bolts

Disassemble Connecting Rod from Piston

With the rod and piston assembly removed from the

engine, disassemble the piston and connecting rod as

outlined in

Inspection

Clean the connecting rod and piston pin with fuel oil and

dry them with compressed air. Blow compressed air

through the oil passage in the connecting rod to be sure
Fig. 13- Installing Seal Ring it is clear of obstructions.

The replaceable connecting rod bearing shells are

covered in[Section 1.6.2]

Fig. 14 - Installing Piston Pin Fig. 16 - Installing Piston Pin Retainer
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Check the connecting rod for cracks [(Fig. _12) by the
magnetic particle method outlined in[Section 1.3 under
Crankshaft Inspection.

If a new service connecting rod is required, stamp the
cylinder number on the connecting rod and cap (refer to
Section 1.6.3).

NOTE: Clean the rust preventive from a
service replacement connecting rod and blow
compressed air through the drilled oil passage
to be sure it is clear of obstructions. Also
make sure the split line (cap to rod) is
thoroughly cleaned to avoid trapped
contaminants from adversely affecting bearing
shell “crush”.

Inspect the bearing (bushing) for indications of scoring,
overheating or other damage. Measure the thickness of
the bushing along the center. Replace the bushing if it is
damaged or worn to a thickness of .086 “ or less. A new
bushing is .087" to .088 “ thick.

Inspect the piston pin for signs of fretting. When re-
using 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. A new piston pin has a diameter of 1.4996” to
1.5000". Replace the piston pin if it is worn to a diameter
of 1.4980 “ or less.

Assemble Connecting Rod to Piston

1. Install the bearing (bushing) in the piston crown. It
should slide into the piston crown without force. With
new parts, there is .0005 “ to .0105 “ clearance between
the edge of the bushing and the groove in the piston
crown.

NOTE: The bearing must be installed before
assembling the piston skirt and crown.

2. Lubricate the metal seal ring_(Fig._1B) with engine oil
and install it with the chamfer or counterbore directed
toward the bottom of the piston.

3. Compress the seal ring with ring compressor J
23453 and push the skirt into position on the piston
crown.

IMPORTANT: Before completely assembling
the piston, check to make sure the seal ring
does not stick in the ring groove. It is
imperative for satisfactory engine operation

that the seal ring is free in the piston crown
groove. The seal ring-to-groove clearance is
.0005” to .0030". Check the full 360°
circumference of the groove to be sure there
are no tight spots. When the piston crown,
seal ring and piston skirt are assembled, the
skirt should spin freely on the crown (crown
top down on the bench). If the seal ring sticks,
remove high spots or nicks in the groove with
a flat file. If this does not relieve sticking,
replace the piston crown.

4. Lubricate the piston pin with Cindol 1705 oil and
install it as shown i

CAUTION: Line up the piston pin opening in
the piston skirt with the bearing (bushing)
opening in the piston crown to prevent damage
to the pin or bushing.

5. Install the spacers on the two 7/16"-20 x 2"
connecting rod to piston pin attaching bolts.

6. Apply a small amount of International Compound No.
2, or equivalent, to the bolt threads and bolt head contact
surfaces.

7. Install and tighten the bolts finger tight. Then clamp
the connecting rod in a -vise and tighten the bolts to 55-
60 Ib-ft (75-81 Nm) torque (Eig._15)] Do not exceed this
torque.

8. Place a new piston pin retainer in position. Then
place the crowned end of installer J 23762 against the
retainer and strike the tool just hard enough to deflect the
retainer and seat it evenly in the piston [Eig._16).

9. Install the second piston pin retainer in the same
manner.

CAUTION: Due to the size of the counterbore
in the piston skirt, be careful when installing
the piston pin retainers and inspect them to be
sure they are not buckled and that they are
fully seated in the counterbores. The width of
the land should be even around the retainer.

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

11. Install the piston and connecting rod assembly in the
engine as outlined in|Section 1.6.3
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1.6.2

CONNECTING ROD BEARINGS

The connecting rod bearing shells (Fig. 1) are precision
made and are replaceable without shim adjustments.
They consist of an upper bearing shell seated in the
connecting rod and a lower bearing shell 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.

Various types of bearings have been used. Currently,
multiple layer copper-lead coplated or aluminum triplated
bearings are in use. These bearings have an inner
surface, called the matrix, of copper-lead or aluminum.
A thin deposit of babbitt is then plated onto the matrix.
This babbitt overlay has excellent resistance to friction,
corrosion and scoring tendencies which, combined with
the material of the matrix, provides improved load
carrying characteristics. These bearings are identified by
the satin silver sheen of the babbitt when new and a dull
gray after being in service. The former copper-lead
bearings had a copper color when new and turned very
dark during engine operation.

The upper and lower connecting rod bearing shells are
different and are not interchangeable. The upper
bearing shell is grooved midway between the bearing
edges, part way up from each parting line, with an oil
hole through the shell at the termination of each groove.
The lower bearing shell has a continuous oil groove,
extending from one parting line to the other, in line with
that of the upper bearing shell. These grooves maintain
a continuous registry with the oil hole in the crankshaft
connecting rod journal, thereby providing a constant
supply of lubricating oil to the connecting rod bearings,
piston pin bushings and spray nozzle through the oil
passage in the connecting rod.

Remove Bearing Shells

The connecting rod bearing caps are numbered 1, 2, 3,
etc., with matching numbers stamped on the connecting
rods. When removed, each bearing cap and the bearing
shells must always be reinstalled on the original
connecting rod.

Remove the connecting rod bearings as follows:

1. Drain the oil and remove the oil pan.

2. Remove the lubricating oil pump and the pump inlet
and outlet pipes.

NOTE: If shims are used between the oil pump
body and the main bearing caps, save the
shims so they may be reinstalled when
installing the oil pump.

3. Remove one connecting rod bearing cap. Push the
piston and rod assembly up into the cylinder liner far
enough to permit removal of the 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 if corrosive acid and sulphur are present
which cause acid etching, flaking and pitting. Bearing
seizure may be due to low oil or no oil.

COMMECTIMNG
4 [ T=1r]
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Fig. 1 - Connecting Rod and Bearing Shells
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Bearing *New Bearing Minimum
Size Thickness Worn Thickness
standard .1548"/.1553" .1530"
.002" Undersize .1558"/.1563" .1540"
.010" Undersize .1598"/.1603" .1580"
.020" Undersize .1648"/.1653" .1630"
.030" Undersize .1698"/.1703" .1680"

*Thickness 90° from parting line of bearing.

After removal, clean the bearings and inspect them for
scoring, pitting, flaking, chipping, cracking, loss of babbitt
or signs of overheating. If any of these defects are
present, the bearings must be discarded. However,
babbitt plated bearings may develop minute cracks or
small isolated cavities on the bearing surface during
engine operation. These are characteristics of and are
NOT detrimental to this type of bearing. The bearings
should not be replaced for these minor surface
imperfections. The upper bearing shells, which carry the
load, will normally show signs of distress before 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
micrometer and ball attachment J 4757, as described
under Inspection in The minimum
thickness of a worn standard connecting rod bearing
shell should not be less than .1530” and, if either bearing
shell is thinner than this dimension, replace both bearing
shells. A new standard bearing shell has a thickness of
.1548 “ to .1553". Refer to Table 1.

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 (refer to
Shop Notes in[Secfion 1.0). The maximum connecting
rod bearing-to-journal clearance with used parts is .006".

Before installing the bearings, inspect the crankshaft
journals (refer to Inspection in Bection 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 or
reground crankshaft is to be used, install all new bearing
shells.

Bearing shells are available in .010", .020"and .030 *
undersize for service with reground crankshafts. To
determine the size bearings required, refer to Crankshaft
Grinding in Bearings which are .002”
undersize are available to compensate for slight journal
wear where it is unnecessary to regrind the crankshaft.

CAUTION: Bearing shells are NOT reworkable
from one undersize to another under any
circumstances.

Install Connecting Rod Bearing Shells

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

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

2. Install the upper bearing shell—the one with the
short groove and oil hole at each parting line—in the
connecting rod. 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 bearing shell --
the one with the continuous oil groove—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
connecting rod bolt nuts to 60-70 Ib-ft (81-95 Nrn) torque
(lubrite nut) or 65-75 Ib-ft (88-102 Nm) torque
(castellated nut).

6. Install the lubricating oil pump and the oil inlet and
outlet pipes.

NOTE: If shims were used between the oil
pump body and the main bearing caps, install
the shims in exactly the same location from
which they were removed.

7. Install the oil pan, using a new gasket.

8. Refer to the Lubricating Oil Specifications if_Section]
d fill the crankcase to the proper level on the
dipstick.

If new bearings were installed, operate the engine on the
run-in schedule as outlined in [Section 13.2.1
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1.6.3

CYLINDER LINER

The replaceable type cylinder liner is accurately
machined and heat treated to provide a long wearing
scuff-resistant surface. The flange at the top fits into a
counterbore in the cylinder block and rests on a
replaceable cast iron insert which permits accurate
alignment of the cylinder liner. Compression is sealed
with an individual laminated compression gasket for each
cylinder.

The liner is cooled by means of a water jacket in the
cylinder block and by the scavenging air introduced into
the cylinder through the air inlet ports around the liner
and 2). The air inlet ports are machined at an
angle to create a uniform swirling motion to the air as it
enters the cylinder. This motion persists throughout the
compression stroke and facilitates scavenging and
combustion.

The wear on a liner and piston is directly related to the
amount of abrasive dust and dirt introduced into the
engine combustion chamber through the air intake. This
dust, combined with lubricating oil on the cylinder wall,
forms a lapping compound and will result in rapid wear.
Therefore, to avoid pulling contaminated air into the
cylinder, the air cleaners must be serviced regularly

e,
"
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Fig. 1 - Typical Cylinder Liner

according to the surroundings in which the engine is
operating.

Inspect Air Inlet Ports

The air inlet ports in the cylinder liner should be kept free
of carbon formation for efficient engine operation. To
avoid sludge accumulation at the ports, use the proper
types of fuel and lubricating oil as specified and change
the lubricating oil and oil filters at regular intervals.
Maintain the engine at its specified operating
temperature and avoid prolonged periods at idle speed
or light loads. When idling is necessary, maintain the
engine speed at about 800 rpm. Also keep the injectors
timed correctly. If necessary, clean the air inlet ports,
without removing the liners, as follows:

1. Remove the cylinder head and air box covers.
2. Install a cylinder liner hold-down clampl[(Eig._3).

3. Hand crank the engine until the piston, in the liner
whose ports are to be cleaned, is at the bottom of its
stroke.

4. Clean all of the ports, with a suitable tool or pointed
hardwood stick, from the inside of each liner. Then
remove all chunks of carbon from the air box and make
sure the air box drains are open.

5. After cleaning the ports, examine the inside of the
liner around the ports for burrs. Remove burrs by hand
with 250 grit emery paper. Failure to remove burrs can
result in early failure of the pistons and rings.

6. Remove the hold-down clamp.
7. Install the cylinder head and air box covers.

The air inlet ports may also be cleaned by removing the
liners and placing them in a hot caustic soda or lye
solution long enough to loosen the carbon deposits.
Final cleaning may then be accomplished by brushing
the loosened carbon deposits from the ports.

Remove Cylinder Liner (Cast Iron Cylinder Block)
It is very important that the proper method is followed

when removing a cylinder liner. Do not attempt to push
the liner out by inserting a bar in the liner ports
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Fig. 2 - Comparison of Cylinder Liners

and rotating the crankshaft, otherwise the piston may be
damaged or the upper ring groove may collapse.

Remove a cylinder liner from a cast iron block as follows:

1.

Remove the piston and connecting rod assembly as

outlined in

2. Remove the cylinder liner with tool J 1918-02 as

follows:

a.

Slip the lower puller clamp up on the puller rod
and off the tapered seat. Cock the clamp so it
will slide down through the liner. The clamp will
drop back on the tapered seat after it clears the
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Fig. 3 - Cylinder Liner Hold-Down Clamp

bottom of the liner. Then slide the upper puller
clamp down against the top edge of the liner.

With the tool in place, strike the upset head on
the upper end of the puller rod a sharp blow with
the puller weight, thus releasing the liner[(Figl

[2).

Remove the tool from the liner.
the liner from the block.

Then remove

Remove and tag the liner insert and shims (if
used) from the counterbore in the block.

If tool J 1918-02 is unavailable, tap the liner out with a
hardwood block and hammer.

Fig. 4 - Removing Cylinder Liner
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Cylinder Liner 1.6.3
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Fig. 6 - High and Low Pressure Contact
Areas on Cylinder Liner

Inspect Cylinder Liner

When the cylinder liner is removed from the cylinder
block, it must be thoroughly cleaned and then checked
for:

Cracks

Scoring

Poor contact on outer surface
Flange irregularities

Inside diameter

Out-of-round

Taper
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Fig. 7 - Cylinder Liner Measurement Diagram

A cracked or excessively scored liner must be discarded.
A slightly scored liner may be cleaned-up and reused.

Excessive liner-to-block clearance or block bore
distortion-will reduce heat transfer from the liner to the
block and to the engine coolant. Poor contact between
the liner and the block bore may be indicated by stains or
low pressure areas on the outer surface of the liner[(Fig.]

6).

Examine the outside diameter of the liner for fretting.
Fretting is the result of a slight movement of the liner in
the block bore during engine operation, which causes
material from the block to adhere to the liner. These
metal particles may be removed from the surface of the
liner with a coarse, flat stone.

The liner flange must be smooth and flat on both the top
and bottom surfaces. Check for cracks at the flange.
The liner insert must also be smooth and flat on the top
and bottom surfaces. Replace the insert if there is
evidence of brinelling.

Fig. 8 - Checking Bore of Cylinder Liner

Inspect the block bore and check the liner-to-block
clearance whenever a liner is removed. If the clearance
exceeds zero to .002" (cast iron block)

it will be necessary
to bore the block for an oversize liner as outlined in
Section 1.1.

Cylinder liners are available in .001 “, .005", .010", .020"
and .030” oversize on the outside diameter. When an
oversize liner is used, stamp the amount of oversize on
top of the cylinder block adjacent to the liner
counterbore.

New service liners, standard and oversize, have an
inside diameter of 4.2495 “to 4.2511 “

NOTE: Do not modify the surface finish in a new
service liner. Since the liner is properly finished
at the factory, any change will adversely affect
the seating of the piston rings.

Install the liner in the proper bore of the cylinder block
and measure the inside diameter at the various points
shown i _Fig._7l Use cylinder bore gage J 5347[(Figl
[8), which has a dial indicator calibrated in .0001 “
increments, as it is rather difficult to obtain accurate
measurements with a micrometer. Set the
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cylinder bore gage on zero in master ring gage J 5580-
1. Also check the liner for taper and out-of-round.

NOTE: Dial bore gage master setting fixture J
23059 may be used in place of the master ring

gage.

To reuse the liner, the taper must not exceed .002 “ and
the out-of-round must not exceed .0025 “ . In addition,
the ridge formed at the top of the ring travel must be
removed. If the out-of-round exceeds .0025", rotate the
liner 90°in the block bore and recheck.

Hone Used Cylinder Liner

A used cylinder liner must be honed for the following
reasons:

1. To break the glazé (Fig. 19) which results after long
periods of operation.

2. To remove the ridgd (Fig. 1D) formed at the top by
the piston ring travel.

When a liner has been in service for a long period, the
bore becomes very smooth or glazed due to the rubbing
action of the piston rings. Unless this glaze is removed,
the time required to seat new piston rings will be
lengthened.

The ridge formed at the top of the liner by the travel of
the piston rings must also be removed. Otherwise,
interference with the travel of the new compression rings
may result in ring breakage.

Therefore, even though the taper and out-of-round are
within the specified limits, the glaze and ridge must be

Fig. 9 - Glazed Surface of Cylinder Liner

Fig. 10 - Cylinder Liner Ridge Due to Wear

removed by working a hone up and down the full length
of the liner a few times.

Whenever a liner is honed, it should be placed in a
fixture (a scrap cylinder block makes an excellent honing
fixture). However, if it is necessary to hone a liner in the
cylinder block that is to be used in i building up the
engine, the engine must be dismantled and then, after
honing, the cylinder block and other parts must be
thoroughly cleaned to ensure that all abrasive material is
removed.

The hone J 5902-01, equipped with 120 grit stones J
5902-14, should be worked up and down the full length
of the liner a few times in a criss-cross pattern that
produces hone marks on a 45 axis. This operation
may be performed with emery cloth if a hone is not
available.

After the liner has been honed, remove it from the fixture
and clean it thoroughly. Then dry it with compressed air
and check the entire surface for burrs.

After honing, the liner must conform to the same limits
on taper and out-of-round as a new liner and the piston-
to-liner clearance must be within the specified limits
(Section 1.0).

Fitting Cylinder Liner in Block Bore

1. Wipe the inside and outside of the liner clean and
make sure the block bore and counterbore are clean.

2. Place a standard size cylinder liner insert (.1795"-
1800 thick) in the block counterbore [Fig._11].
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Fig. 11 - Cylinder Liner Mounting in Block

3. Push the cylinder liner into the cylinder block until the
liner flange rests on the insert. Do not use excessive
force to install the liner. The liner should slide smoothly
in place with thumb pressure. If a new liner cannot be
pushed in place, light honing of the block bore may be
necessary to obtain the desired fit for best heat transfer.
Refer to[Section 1.0 for the liner-to-block clearance.

Fig. 12 - Checking Distance of Liner Flange
Below Top Face of Block

4. Install a cylinder liner hold-down clamp as illustrated

in_Fig. 12]

5. Measure the distance from the top of the liner to the
top of the block with a dial indicator (Eig._12). The liner

flange must be .045" to .050" below the surface of the
block. However, even though all of the liners are within
these specifications, there must not be over .002"
difference in depth between any two adjacent ’liners
when measured along the cylinder longitudinal center
line.

NOTE: A .002” thick shim is available for
adjusting the liner height (in the current “ high”
block only). The shim must be installed
underneath the liner insert. Do not cut the
shim for installation. Liner inserts which are
.0015 *“ thicker or thinner than standard are
also available for service. In addition, the
.004” and .008” thinner inserts (also
available in .0015" thicker and thinner sizes),
which are provided for use with re-surfaced
cylinder blocks, can also be used to adjust the
liner height.

6. Matchmark the liner and the cylinder block with chalk
or paint so the liner may be reinstalled in the same
position in the same block bore. The match-marks
should be toward the blower side of the engine.

7. Remove the hold-down clamp and the cylinder liner.
NOTE: Do not remove the liner insert.
Install Piston and Connecting Rod Assembly

1. With the piston assembled to the connecting rod and
the piston rings in place as outlined inN[Secfions 1.6l and
1.6.1, apply Cindol 1705 oil to the piston, rings and the
inside surface of the piston ring compressor J 3272-02.

NOTE: Inspect the ring compressor for nicks
or burrs, especially at the non-tapered inside
diameter end. Nicks or burrs on the inside
diameter of the compressor will result in
damage to the piston rings.

2. Place the piston ring compressor on a wood block,
with the chamfered end of the ring compressor facing up.

3. Position (stagger) the piston ring gaps properly on
the piston. Make sure the ends of the oil control ring
expanders are not overlapped.

4. Start the top of the piston straight into the ring
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Fig. 13 - Installing Piston and Connecting Rod Assembly
in Ring Compressor and Cylinder Liner

compressor. Then push the piston down until it contacts
the wood block (Operation | of Fig. 13).

5. Note the position of the matchmark and place the
liner, with the flange end down, on the wood block.

6. Place the ring compressor and the piston and
connecting rod assembly on the liner so the numbers on
the rod and cap are aligned with the matchmark on the

liner (Operation 2 of Fig._13).

NOTE: The numbers on the side of the
connecting rod and cap (Fig. _14) identify the
rod with the cap and indicate the particular
cylinder in which they are used. If a new
service connecting rod is to be installed, the
same identification numbers must be stamped
in the same location as on the connecting rod
that was replaced.

7. Push the piston and connecting rod assembly down

1513

Fig. 14 - Typical Connecting Rod Markings

into the liner until the piston is free of the ring
compressor.

CAUTION: Do not force the piston into the
liner. The peripheral abutment type expanders
apply considerably more force on the oil ring
than the standard expander. Therefore, extra
care must be taken during the loading
operation to prevent ring breakage.

8. Remove the connecting rod cap and the ring
compressor. Then push the piston down until the
compression rings pass the cylinder liner ports.

Fig. 15 - Installing Piston, Rod and Liner
Assembly in Cylinder Block
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Install Cylinder Liner, Piston and Connecting Rod
Assembly

After the piston and connecting rod assembly have been
installed in the cylinder liner, install the entire assembly in
the engine as follows:

1. If any of the pistons and liners are already in the
engine, use hold-down clamps to retain the liners in
place when the crankshaft is rotated.

2. 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.

3. Install the upper bearing shell—the one with a short
oil groove at each parting line—in the connecting rod.
Lubricate the bearing shell with clean engine oil.

4. Position the piston, rod and liner assembly in line
with the block bore [Fig._15) so the identification number
on the rod is facing the blower side of the engine and the
matchmarks on the liner and the block are in alignment.
Guide the end of the connecting rod through the block
bore carefully to avoid damaging or dislodging the
bearing shell. Then slide the piston, rod and liner
assembly straight into the block bore until the liner flange
rests against the insert in the counterbore in the block.

5. Push or pull the piston and connecting rod into the
liner until the upper bearing shell is firmly seated on the
crankshaft journal.

6. Place the lower bearing shell -- the one with the
continuous oil groove from one parting line to the other --

in the connecting rod cap, with the tang on the bearing
shell in the notch in the connecting rod bearing cap.
Lubricate the bearing shell with clean engine oil.

7. Install the bearing cap and the bearing shell on the
connecting rod with the identification numbers on the cap
and the rod adjacent to each other. Tighten the
connecting rod bolt nuts to 60-70 Ib-ft torque (lubrite nut)
or 65-75 Ib-ft torque (castellated nut).

8. Check the connecting rod side clearance. The
clearance must be .006 “ to .012".

9. Install the remaining liner, piston and rod assemblies
in the same manner. Use hold-down clamps to hold
each liner in place.

10. After all of the liners and pistons have been installed,
remove the hold-down clamps.

11. Install new compression gaskets and water and oil
seals as outlined in[Section T.2. Then install the cylinder
head and any other parts which were removed from the
engine.

12. After the engine has been completely reassembled,
refer to the Lubricating Qil Specifications in Section 13.3]
and refill the crankcase to the proper level on the
dipstick.

13. Close all of the drains and fill the cooling system.
14. If new parts such as pistons, rings, cylinder liners or

bearings were installed, operate the engine on the run-in

schedule given in[Section 13.2.7]
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1.7

ENGINE BALANCE AND BALANCE WEIGHTS

Both rotating and reciprocating forces are completely
balanced in the engines. The eccentric rotating masses
of the crankshaft and connecting rods are balanced by
counterweights on the crankshaft cheeks.

The reciprocating masses (the piston and upper end of
the rod) produce an unbalanced couple by virtue of an
arrangement on the crankshaft in which reciprocating
masses, though equal, are not opposite. This
unbalanced couple, which tends to rock the engine from
end to end, is balanced by an arrangement of rotating
counterweights, mounted at the front and rear ends of
the camshaft and balance shaft, which produce a couple
equal and opposite in magnitude. Consequently the
engine will operate smoothly and in balance throughout
its entire speed range.

Each set of weights (weights on one shaft comprise a
set) rotates in an opposite direction with respect to the
other. When the two weights at either end of the engine
are in a vertical plane, their centrifugal forces are in the
same direction and oppose the unbalanced couple; when
they are in a horizontal plane, the centrifugal forces of
these balance weights are opposite and are therefore
cancelled. The front balance weights are eccentric in a
direction opposite to the rear balance weights.
Therefore, rotation will result in the desired couple
effective only in a vertical plane.

The balance weights consist of two eccentric weights at
each end of the engine. On three cylinder engines
(through serial number 3A-48439), the weights at the
rear are integral with the gears. On three cylinder
engines effective with 3A-48440 and four cylinder and six
cylinder engines, additional weights are attached to the
gears.

BALANCE
® weGHT 0

BALANCE
o SHAFT

Fig. 1 - Typical Front Balance Weight
Mounting.

The front balance weights are keyed to the front end of
the camshaft and the balance shaft (Fig. _1). Current
balance weights are of one-piece construction.
Formerly, spring-loaded balance weights [(Eig._2) were
used. The balance weight bushing oscillates on the
hardened surface of the hub during engine operation.
Torque variations are transmitted from the hub to the
weight through the spacer and spring leaves.

Remove Front Balance Weights
1. Remove the balance weight cover.

2. Place a block of Wood between the balance weights
to prevent rotation [(Fig._3).

3. Loosen the balance weight retaining nuts on the
camshaft and balance shaft with a 1-1/2” socket wrench
and remove the nuts and internal tooth lock washers.

4. Force the balance weight off the end of each shaft
with two heavy screw drivers or pry bars between the
heads of the bearing retaining bolts and the balance

weight[(Eig._4).

Fig. 2 - Spring-Loaded type Front Balance
Weight
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Fig. 3 - Loosening Nut on Camshaft or
Balance Shaft

Disassemble Spring-Loaded Balance Weight
1. Remove the cotter pin from the nut[(Fig. 5).
2. Remove the bolt and the retainer.

3. Separate the balance weight from the hub.

4. Push the springs and spacer from the balance
weight.

5. If the bushing is badly worn, press it out of the
weight.

Fig. 4 - Removing Balance Weight Assemblies
Inspection

Clean all of the parts thoroughly with fuel oil and dry
them with compressed air.

If the thrust surface (side facing the camshaft or balance
shaft thrust washers) of the balance weight hub is
damaged, it will be necessary to install a new balance
weight.

The clearance between a balance weight bushing and
the balance weight hub is from .0005 “ to .0035 “with new
parts and .006 “ with used parts. The clearance between
the weight and the hub should be from .010” to .023".

Assemble Spring-Loaded Balance Weight

1. If the old bushing was removed from the balance
weight, press a new split bushing into place until the
edge of the bushing is flush with the shoulder on the
drilled (balancing holes) side of the weight.

2. Select suitable springs (17 per pack) to make four
packs, each .251” £ .008” thick. Each spring is .015 “ to
.016" thick. Measure the pack thickness while the
springs are tightly clamped together in a vise or arbor
press.

CAUTION: Wash each spring in the packs
thoroughly and dry it with compressed air
before taking the above measurements.

3. Lay the weight, machined face down, flat on a clean
work bench.

4. Dip the spring pack in lubricating oil to completely
coat all the springs.

5. Arrange one spring pack on either side of the
balance weight spring cavity.

6. Place the spring spacer on the blade of a screw

Fig. 5 - Details of Spring-Loaded Type Balance
Weight and Hub Assy.
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Fig. 6 - Installing Spring Spacer Between
Spring Packs

driver and install the spacer, tapered end first, between
the spring packs as shown il _Fig._6l

7. Insert the journal of the hub in the bushing of the
balance weight. The weight should swing freely on the
hub. Burnish the bushing if the clearance is not within
the specified .0005 “ to .0035 “.

8. Place the retainer against the spring spacer, insert
the bolt through the retainer, spacer and hub and secure
the bolt with a castellated nut. Tighten the nut to 25-30
Ib-ft torque and lock the nut with a cotter pin.

9. Check the clearance between the weight and the
hub as shown inFig. _7.] The specified clearance is .010"
to .023". Adjust the clearance by loosening or tightening
the castellated nut.

Install Front Balance Weights

1. If thrust washers are used ("B" and "C" engines),

Fig. 7 - Measuring Clearance Between Balance
Weight and Hub

apply heavy cup grease to the steel faces of the washers
and install the washers up against the camshaft and
balance shaft end bearings.

2. Install Woodruff keys in the keyways at the front end
of the camshaft and the balance shaft.

3. Align the keyway in the balance weight hub with the
key in the shaft and slide the balance weight on the
camshaft.

4. Install the balance weight on the balance shaft in the
same manner.

5. Slip an internal tooth lock washer over the end of
each shaft. Start the nuts on both shafts.

6. Place a block of wood between the balance weights
as shown if_Fig._3 and tighten the retaining nuts to 300-
325 Ib-ft torque.

7. Install the balance weight cover, using a new gasket.
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GEAR TRAIN AND ENGINE TIMING

GEAR TRAIN

A completely enclosed train of five helical gears is
located at the rear end of the engine, as shown il Fig. 1]
A gear bolted to the crankshaft drives the camshaft and
balance shaft gears, as well as the blower drive gear,
through an idler gear mounted between the crankshaft
and balance shaft gears on the RB and RC engines, and
between the crankshaft and camshaft gears on the RA
and RD engines.

The camshaft gear and balance shaft gear mesh with
each other and run at the same speed as the crankshatft.
Since these two gears must be in time with each other,
and the two as a unit in time with the crankshaft gear, the
letter “O” is placed on one tooth of one of the gears with
a corresponding mark at the root of the mating teeth of
the other gear.

The camshaft and balance shaft gears are keyed to their
respective shafts and held securely against the shoulder
on the shaft by a nut. Viewing the engine from the
flywheel or gear train end, the right-hand gear, whether
on the balance shaft, as shown on RA and RD engines,
or the camshaft, as shown on RB and RC engines, has
left-hand helical teeth [Eig._1).

The idler gear rotates on a double-row, tapered roller
bearing mounted on a stationary hollow hub. This hub is
accurately located on the cylinder block end plate, at the
left-hand side of the engine, as viewed from the gear
train end. A blower drive gear is located on the blower
side to transmit power to the blower, governor, fuel pump
and water pump. Since, as stated above, the cam and
balance shafts must be in time with the crankshaft,
identification marks are located on two teeth of the idler
gear with corresponding match marks stamped on the
crankshaft gear and the camshaft or balance shaft gear,

as shown ir Eig._1]

For standard gear train timing, the letter “R” on the idler
gear is aligned with the “R” on the crankshaft gear and
the camshaft or balance shaft gear. For advanced
timing, used on certain engines, the letter “A” on the
crankshaft gear is aligned with the letter “R” on the idler
gear.

Balance weights, one fastened to the inner face of each
camshaft and balance shaft gear, are important in
maintaining perfect engine balance. These are in
addition to the weights cast integral with the gears.

CAMSHAFT GEAR (RA]
BALANCE SHAFT GEAR (RB)

CAMSHAFT GEAR (RB)

>
”ns
W rey,

fPDOC

BLOWER
DRIVE
GEAR

CAMSHAFT GEAR (RD)

BALANCE SHAFT GEAR (RA}  BALANCE SHAFT GEAR (RC)

CAMSHAFT GEAR “RC™"
BALANCE SHAFT GEAR "RD"

- BLOWER
DRIVE
GEAR

IDLER
GEAR

CRANKSHAFT
GEAR

RA AND RB ENGINES

CRANKSHAFT

SPACER

CRANKSHAFT
GEAR

1537 RC AND RD ENGINES

Fig. 1 - Gear Train and Timing Marks - Right Hand Rotation Engines (Standard Timing Shown)
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Gear train noise is usually an indication of excessive
gear lash, scoring, pitting or excessive bearing wear.
Therefore, when noise develops in a gear train, the
flywheel housing should be removed and the gear train
and its bearing inspected. A rattling noise usually
indicates excessive gear lash whereas a whining noise is
a result of too little gear lash.

Excessive wear and scoring may result from abrasive
substances or foreign material in the oil, introduced in
the engine by such means as removal of the rocker
cover without first cleaning away dirt.

The backlash between the various mating gears in the
gear train ranges from .003” to .008” with new parts and
.010” with used parts.

Since the camshaft and balance shaft gears each have
the same number of teeth as the crankshaft gear, they
turn at crankshaft speed. However, as the blower drive

gear has only about half as many teeth as the camshaft
or balance shaft gear, it turns at approximately twice the
speed of the crankshatft.

Lubrication

The gear train is lubricated by overflow oil from the
camshaft and balance shaft pockets spilling into the gear
train compartment. A certain amount of oil also spills
into the gear train compartment from the camshaft and
balance shaft end bearings, and idler gear bearings.
The blower drive gear bearing is lubricated through an
external pipe lead-ing from the main cylinder block oil
gallery to the gear hub bearing support. The idler gear
bearing is pressure lubricated by means of oil passages
in the idler gear hub which connect to the oil gallery in
the cylinder block.

Checking Engine Timing

The correct relationship between the crankshaft and
camshaft must be maintained to properly control fuel
injection and the opening and closing of the exhaust
valves.

The crankshaft timing gear can be mounted in only one
position due to one attaching bolt hole being offset. The
camshaft gear can also be mounted in only one position
as a result of the location of the keyway relative to the
cams. Therefore, when the engine is properly timed, the
markings on the various gears will match as shown in
Fig. 1.

An engine which is “out of time” may result in pre-
ignition, uneven running and a loss of power.

When an engine is suspected of being out of time, due to
an improperly assembled gear train, a quick check can
be made without having to remove the flywheel and
flywheel housing by following the procedure outlined
below.

Access to the vibration damper or crankshaft pulley, to
mark the top-dead-center position of the selected piston,
and to the front end of the crankshaft or flywheel for
turning the engine is necessary in performing the timing

check. Then, proceed as follows:
1. Remove the valve rocker cover.

2. Select any cylinder for the timing check—it is
suggested that a cylinder adjacent to one of the cylinder
head cover studs be chosen since the stud may be used
for mounting a dial indicator.

3. Remove the fuel jumper lines (at the cylinder
selected) and install shipping caps on the injector fuel
fittings to prevent the entry of dirt. Make sure that the
valve and injector rocker arms are all in the “up” position,
then remove-the rocker shaft bracket bolts and swing the
rocker arm assemblies back out of the way. Remove the
injector assembly.

4. Carefully place (do not drop) a rod approximately 12"
long through the injector hole and on top of the piston.

5. With the throttle in the NO-FUEL position, turn the
crankshaft slowly in the direction of rotation of the
engine, and stop turning when the rod.
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Fig. 2 - Pointer Installation For Marking
Top-Dead-Center

reaches the end of its upward travel. Remove the
rod and turn the crankshaft opposite the direction of
rotation between 1/16 and 1/8 of a turn.

Select a dial indicator with .001" graduations and
with a spindle movement of at least 1”. Use suitable
mounting attachments for the indicator so that it can
be mounted over the injector hole in the cylinder
head. Provide an extension for the spindle of the
indicator. The extension must be long enough to
contact the piston as it approaches its upper
position.

Mount the indicator over the injector hole and tighten
mountings sufficiently to hold the indicator rigid.

The mounting leg may be threaded into the rocker
cover stud; or the stud may be removed from the
cylinder head and the leg threaded into the tapped
hole, depending upon the length of the rod used in
making up the mounting attachments. Make sure
that the spindle extension is free in the injector hole,
does not bind, and is free to travel its full 1”
movement.

Provide a suitable pointer and attach it to the
crankshaft front cover or engine front end plate as
illustrated il Fig. 2.] The pointer should ex-tend over

9.

10

11

12

13

14

15

the vibration damper, or crankshaft pulley, whichever
is used.

Rotate the crankshaft in the direction of rotation
slowly until the hand on the dial indicator just stops
moving.

Rotate the crankshaft in the direction of rotation until
the indicator hand just starts to move. Reset dial to
“0". Continue turning the crank-shaft slowly until the
indicator reading is .010” -- then stop turning.

Scribe a line on the damper (or crankshaft pulley) in
line with the end of the pointer.

Rotate the crankshaft opposite the direction of
rotation slowly until the hand on the dial indicator just
stops moving.

Rotate the crankshaft opposite the direction of
rotation until the indicator hand just starts to move.
Reset dial to “0”. Continue turning the crankshaft
slowly until indicator reading is .010"—then stop
turning.

Scribe a second line on the vibration damper (or
crankshaft pulley) in the same manner as in Step 11.

Scribe a third line halfway between the first two lines.
This is positive top-dead-center. The three scribed
lines are shown on the crankshaft pulley i Fig. 2|
Remove the indicator from the engine.

Z i

1539

Fig. 3 - Cheéking Engine Timing By
Measuring Injector Depression
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16.

17.

18.

NOTE: Make certain that the crank-shaft
pulley retaining bolt is not loosened while
turning the crankshaft. The bolt must be
tightened to 290-310 Ib-ft torque if it becomes
loose.

Install the injector assembly. Swing the injector and
valve rocker arms back into position and install the
rocker arm brackets and tighten the bolts to the
specified torque. Adjust the valve clearance and
time the injector. Rotate the crankshaft until the
exhaust valves in the selected cylinder are open.

Install the dial indicator again so the spindle of the
indicator rests on top of the injector follower as
illustrated in(Eig. 3.] Set the indicator dial to “O(".
Rotate the crankshaft slowly in the direction of
rotation, and stop when the TDC mark on the
vibration damper or crankshaft pulley lines up with
the pointer.

Note the reading on the dial indicator and compare it
with the chart.

After completing the timing check, remove the dial
indicator. Remove the shipping caps from injector
fuel fittings, and install the injector fuel jumper lines,
making sure that they are tightened to prevent any
leaks.

Remove the pointer attached to the front of the
engine.

*INDICATOR READING
Engine ‘ Retarded Advanced
Standard l 1-Tooth | 1-Tooth
STANDARD TIMING
Wisa6 | 228 I 198" 248"
Wsaae | 2000 | i 262"
ADVANCED TIMING
2
Wasas | 262 I 230" 289"

* Indicator readings shown are nominal values. The
allowable tolerance is + .005 in.

(1) High velocity type injector cam.
(2) Low velocity type injector cam.

19. Reset exhaust valves to .012” cold setting. Time
injector and reset exhaust valves to .009” hot after
warming up engine as outlined in

20. Install the valve rocker cover.
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CAMSHAFT, BALANCE SHAFT AND BEARINGS

The camshaft and the balance shaft are located near the
top of the cylinder block [Eig. 1)l and each may be
located on either side of the engine, depending upon the
engine model. The camshaft actuates the valve and
injector operating mechanism.

The accurately ground cams on the camshaft ensure
efficient, quiet, cam follower roller action, and are heat
treated to provide a hard wear surface.

The current engines are equipped with a low velocity, low
lift injector cam lobe and a long closing ramp exhaust
cam lobe design camshaft. Former engines were
equipped with a high lift injector cam lobe camshaft. The
two camshafts are interchange-able and only the current
camshaft, which can be identified by the numeral “7”
stamped on one end of the camshatft, is serviced.

Both ends of the cam and balance shaft are supported
by bearing assemblies, each consisting of a flanged
housing and two bushings. In addition, intermediate two-

piece bearings support the camshaft at uniform intervals
throughout its length. The intermediate bearings are
secured to the camshaft by lock rings, thereby permitting
them to be inserted into the cylinder block with the
shafts. Each intermediate bearing is secured in place,
after the camshafts are installed, with a lock screw
threaded into a counterbored hole in the top of the
cylinder block.

On both the camshaft and the balance shafts the gear
thrust load is absorbed by two thrust washers, one on
each end of the rear bearings of the “A” and “D” basic
engines and at the front end of the “B” and “C” engines.
The thrust washers bear against thrust shoulders on the
shafts.

A helical drive gear with a counterweight is secured to
each shaft with a Woodruff key, nut, nut retainer, retainer
bolts and lock washers. The

1. Camshaft 14. Bearing--Camshaft--
2. Cam Intermediate
3.  Bearing--Camshaft Thrust 17. Bearing--Camshaft--Rear
6. Washer--Camshaft Thrust 18. Gear--Camshaft--
12.  Thrust Shoulder-- L.H. Helix
Camshaft 25. Balance Shaft

26.

27.

31.

Bearing--Balance 32. Bearing--Balance
Shaft--Front Shaft--Rear
Washer--Balance 33. Gear--Balance

Shaft Thrust Shaft--R.H Helix
Thrust Shoulder-- 40. Balance Weight
Balance Shaft 41. Hub--Balance Weight

Fig. 1 - Camshaft and Balance Shaft Assemblies
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drive gears are attached to the rear end of the shafts on
all engines.

To help maintain engine balance, a balance weight is
installed on the front end of each shaft.

Lubrication

Lubricating oil is supplied under pressure to the bearings
from the longitudinal main oil gallery through a horizontal
transverse passage at each end of the cylinder block,
then up the connecting vertical passages in each corner
of the block to the camshaft and balance shaft end
bearings. The cam-shaft intermediate bearings are
lubricated by the oil from the end bearings passing
through the drilled passage in the shaft.

The lower halves of the camshaft intermediate bearings
are grooved along the horizontal surface that mates with
the upper halves of the bearings[(Fig. 2. Oil from the
passage in the camshaft is forced through the milled
slots in the bearing and then out the grooves to furnish
additional oil to the cam follower assemblies. This
permits the cam pocket to be filled rapidly to the
operating oil level immediately after starting the engine.

Remove Camshaft or Balance Shaft

1. Drain the engine cooling system and remove the
radiator and all attaching parts.

Fig. 2 - Camshaft Intermediate Bearing (Lower Half)

Fig. 3 - Loosening Nut on Camshaft or Balance Shaft

2. Remove all parts, accessories and assemblies that
are necessary to facilitate mounting the engine on an
overhaul stand.

3. Mount the engine on the overhaul stand. Before
releasing the lifting sling, be sure that the engine is
mounted securely.

4. Remove the cylinder head.

5. Remove the flywheel and flywheel housing as
outlined il Sections T.4land 1.5.

6. Remove the front balance weight cover and place a
wood block between the balance weights (Fig._3) or
wedge a clean rag between the cam-shaft and
balance shaft drive gears on the rear of the engine.

7. Detach the gear nut retainer after removing the bolts.

8. Loosen the nuts on each end of the camshaft and
balance shaft. Remove the nut and lock washer
from the balance weight end of each shaft. Do not
remove the nuts from the drive gear end of the
shafts.

9. Remove the front balance weights.

10. Remove the thrust washers between the bear-ings
and the balance weight hubs on “B” and “C” engines.

11. Remove the lock screws that secure the cam-shaft
intermediate bearings.
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Fig. 4 - Removing or Installing Shaft
Bearing Retainer Bolts

12. The three bolts that secure the camshaft and
balance shaft bearings to the rear end plate of the
engine may be removed by inserting a socket
wrench through the hole in the webs of the camshaft
and balance shaft drive geard (Fig. 4).

13. Withdraw the camshaft and balance shafts from the
rear end of the cylinder block.

If the thrust washers, located between the bearings
and thrust shoulders at the front end of the shafts on
“B” and “C” engines are not removed with the shafts,
they should be pulled out when removing the
bearings.

14. The camshaft and balance shaft front bearings (and
thrust washers on “B” and “C” engines) may be
removed after taking out the bolts that hold the
bearings to the end plate and cylinder block. Pry
under the bearing flange with a suitable tool if the
bearing cannot be withdrawn by hand.

Remove Camshaft (Flywheel
Transmission in Place)

Housing and

The camshaft may be removed and replaced without
removing the flywheel housing and disconnecting the
transmission if there is space enough to slide the shaft
out through the front of the engine.

1. Drain the engine cooling system and remove the
radiator and all attaching parts.

2. Remove the parts, accessories and assemblies that
are necessary to facilitate the removal of the flywheel

housing hole cover over the cam-shaft and the front
balance weight cover.

3. Remove the cylinder head.

4. Remove the front balance weight cover and place a
wood block between the balance-weight$ (Fig. 3).

5. Detach the gear nut retainer after removing the bolts.
Remove the tachometer drive adapt-or, if used.

6. Loosen and remove the nut at each end of the
camshaft.

7. Remove the front balance weights.

8. Remove the thrust washer .between the bearing and
the balance weight hub (“B” and “C” engines only).

9. Remove the lock screws that secure the cam-shaft
intermediate bearings.

10. Remove the three bolts that secure the camshaft
bearing to the front end plate.

11. Install the camshaft gear puller J 1902-01, four
spacers J 6202-2 and camshaft gear puller adaptor
plate J 6202-1 on the camshaft gear[(Figs. 5 and 6).

12. Turn the puller center screw clockwise to disengage
the camshaft gear.

FLYWHEEL
HOUSING

CAMSHAFT PULLER

THRUST S ADAPTOR PLATE

A
WASHER a

CAMSHAFT
END BEARING

SPACER

BOLT (ADAPTOR)
PLATE TO GEAR)

A __\\k ]
1 CAMSHAFT GEAR
g PULLER TOOL
CAMSHAFT J* =
I ) B 1524
CAMSHAFT— R\ 4
GEAR BOLT (ADAPTOR PLATE

TO FLYWHEEL HOUSING

Fig. 5 - Removing Camshaft With Camshaft Gear Puller
J 1902-01 and Adaptor Plate Set J 6202
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Fig. 6 - Removing Gear (Camshaft or Balance Shaft
Gear Puller J 1902-01)

NOTE: Do not remove the puller or adaptor
plate until the camshaft is reinstalled. The
adaptor plate, se-cured to both the flywheel
housing and the camshaft gear will hold the
gear (thrust washer also on “A” and “D”
engines) securely in place and in alignment
which will aid in the reinstallation of the
camshatft.

13. Remove the front bearing from the camshaft and pull
out the inner thrust washer (“B” or “C” engines).
Then, pull the -camshaft and intermediate bearings
from the cylinder block.

Disassemble Camshaft or Balance Shaft
1. Remove the gear from the shaft.

2. Slide the rear bearing (and the thrust washer on the
“A” and “D” engines) off of the shaft.

3. Remove the lock rings from the camshaft
intermediate bearings and free the two halves of
each bearing.

4. To facilitate removal of any foreign matter lodged
behind the camshaft oil passage end plugs, remove
the plugs as follows:

a. With the camshaft clamped in a vise, make an
indentation in the center of one of the end plugs
with a 31/64” carboloy tip drill.

b. To aid in breaking through the hardened surface
of the plug, punch a hole as deep as possible
with a center punch.

c. Use a %" carboloy tip drill and drill a hole straight
through the center of the plug. then, enlarge the
hole with a 5/16" carboloy tip drill.

d. Tap the drilled hole with a 3/8"-16 tap.

e. Thread the 3/8"-16 adaptor J 6471-2 into the
plug and attach the slide hammer J 6471-1 to
the adaptor. Remove the plug by striking the
weight of the hammer against the handle.

f. Insert a 3/8” diameter steel rod into the camshaft
oil passage and drive the remain-ing plug out.

Inspection

Clean the camshaft, balance shaft and related parts with
fuel oil. All foreign matter must be removed from the
camshaft oil passage. Dry all parts with compressed air.

Examine the cams and journals. If the surfaces are
badly scored or worn replace the camshaft or balance
shaft.

Check the runout at the center bearing with the camshaft
mounted on the end bearing surface. Runout should not
exceed .002".

Check the cam followers if the cam surfaces are scored.

Inspect both faces of each thrust washer. Replace
excessively scored or worn washers. New thrust
washers are available in standard (.120” to .122" thick)
and oversize (.005” or .010"). The clearance between
the thrust washer and the thrust shoulder of the shafts is
.004” to .012” with new parts, or a maximum of .018 with
used parts.

When the thrust surfaces of a camshaft or balance shaft
are ground undersize, special care must be taken-as
follows:

1. Leave a 1/32” to 3/32” radius between the bearing
surface of the thrust collar shoulder and the bearing
surface of the camshatft.
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2. Leave a .010" to .030" radius between the bearing
surface of the thrust collar shoulder and the bearing
surface of the balance shaft (Fig. 7).

A fillet radius gage may be used to measure the
specified radii.

Examine the faces of the shaft end bearings and any
other surface which comes into contact with the thrust
washers. Parts that are badly marred must be replaced,
slight scratches may be cleaned up with an oil stone.

Inspect the bushings in the shaft end bearings. Replace
the bushings or end bearing assemblies if they are worn
excessively or the bushings have turned within the
bearing. New bushings must be finished bored to a 20
r.m.s. finish after installation and tested for the correct
press fit. The correct press fit is indicated if the bushing
does not move when a 2000 pound end load is applied.
This test is of special importance with engines that
operate at high (2300 rpm) speeds. The inside diameter
of the bushings must be square with the rear face of the
bearing within .0015" total indicator reading, and
concentric with the outside diameter of the bearing
retainer within .002” total indicator reading. The
bushings must project from .045” to .055” from each end
of the bearing.

The clearance between the camshaft and balance shaft
end journals and the end bearing bushings is .0025" to
.004” with new parts, or a maximum of .006” with used
parts. End bearings are available in .010" or .020"
undersize for use with shafts that are worn or have been
reground and the clearances exceed the specified limits.

Replace excessively scored or worn camshaft
intermediate bearings. The clearance between the
camshaft journals and the intermediate bearings is
.0025” to .005” with new parts, or a maximum of .009”
with worn parts. Camshaft intermediate bearings are
available in .010" and .020” undersize for use with worn
or reground shafts in which the clearances exceed the
specified limits. Examine the intermediate bearing lock
screws and the tapped holes in the block. Damaged
holes in the cylinder block may be plugged, redrilled and
tapped. Discard lock screws with damaged threads.

Assemble Camshaft and Balance Shaft

1. Install new end plugs in the camshatft.

%" TO %2 RADIUS .010” TO .030” RADWS

- —
A %
 ——
CAMSHAFT 1526 BALANCE SHAFT

Fig. 7 - Camshaft and Balance Shaft Journal Fillets

2. Apply grease to the steel face of each end thrust
washer. Then, place a thrust washer (6 and 27)
against each end of the camshaft and balance shaft
rear bearings (“A” and “DI’ engines). The steel faces
of the thrust washers must be towards the bearing.

3. Lubricate the rear camshaft and balance shaft
journals and slide the rear bearings on each shaft
with the mounting flange of the bearing toward the
gear end of the shaft.

4. Install the gears on the shafts.

5. Lubricate the camshaft intermediate bearing
journals. Then, place the two halves of each
intermediate bearing on a camshaft journal and lock
the halves together with the two lock rings. Install
each lock ring with the gap over the upper bearing
and the ends on equal distance above the split line
of the bearing.

NOTE: Two intermediate bearing lock rings
are used. The current ring can be identified by
the wider gap. The wide gap ring MUST be
used with the grooved type lower half bearings
and can also be used with the former
intermediate bearings.

Install Camshaft and Balance Shaft

1. Insert the front end of the camshaft into the opening
on the blower side of the RA, and RC engines and
on the opposite side of the RB and RD engines.
Push the camshaft into the cylinder block until the
camshaft gear teeth
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almost engage the teeth of the idler gear. Use care
when installing the camshaft to avoid damaging the
cam lobes.

NOTE: The right hand gear (viewing the
engine from the flywheel end) whether it is
attached to the camshaft or balance shaft has
left-hand helical teeth.

Align the timing marks on the mating gears as shown
in Figs. 1 and 2, Becfion 1.7 T]and slide the camshaft
gear in place.

Secure the camshaft rear bearing to the cylinder
block with the three bolts and lock washers. The
camshaft gear may be turned to accommodate the
bolts through the hole in the gear web[(Fig. 4).
Tighten the bolts to 35-40 Ib-ft torque.

Insert the balance shaft in the bore in the cylinder
block and push it in until the teeth of the balance
shaft gear almost engage the camshaft gear teeth.

Align the timing marks on the mating gears as shown
in Figs. 1 and 2, [Section 1.7.1] and slide the balance
shaft gear into place.

Secure the balance shaft rear bearing. Use the
same procedure as outlined for the camshaft rear
bearing, Step 3.

Apply grease to the steel face of each thrust washer.
Then, place a thrust washer against the inner end of
the camshaft and balance shaft front end bearing
(“B” and “C” engines). The steel face of the thrust
washer must be against the bearing.

Install the camshaft and balance shaft front end
bearings with the bolts and lock washers. Tighten
the bolts to 35-40 Ib-ft torque.

CAUTION: Install the front bearings with care
to avoid dislodging the thrust washers. Do not
hammer the bearings into the cylinder block.

Apply grease to the steel face of each thrust washer
(6 and 27) and place them so that the steel faces are
against the outer end of the camshaft and balance

10.

11.

12.

13.

14.

15.

16.

17.

Install

shaft front bearings (3 and 26) on the "B" and "C"
engines.

Turn the camshaft intermediate bearings until the
holes in the bearings are in alignment with the
threaded holes in the cylinder block. In-stall the lock
screws and tighten them to 15-20 Ib-ft torque.

Install the front balance weights on the shafts.

Place an internal tooth lock washer on the end of
each shaft and start the nuts on both shafts.

Use a wood block[{Fig. 3) between the balance
weights or wedge a clean cloth between the cam and
balance shaft gears to prevent their turning. Tighten
the nuts to 300-325 Ib-ft torque.

Install the camshaft and balance shaft gear nut
retainers with the bolts and lock washers. Tighten
the bolts to 35-39 Ib-ft torque.

Check the clearance between the thrust washer and
the thrust shoulder of both the camshaft and balance
shaft. The specified clearance is .004” to .012” with
new parts, or a maximum of .018” with used parts.

Check the backlash between the mating gears.

Reinstall the parts, accessories and assemblies that
were removed from the engine and refill the cooling
system.

Camshaft (Flywheel Housing and

Transmission in Place)

1.

On the “A” and “IY’ engines, apply grease to the steel
face of the thrust washer and install it with the steel
face against the bearing.

Install a Woodruff key in the drive gear end of the
camshaft and insert this end into position from the
front end of the engine. Push the shaft in until it
slides into the rear end bearing. Use care in the
installation of the camshaft to pre-vent damage to
the cam lobes.
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Camshaft 14.  Bearing--Camshaft-
Cam Intermediate
Bearing--Camshaft-Front 15.  Lock Ring--Intermediate
Bolt--Bearing Retainer Bearing

Lock Washer 16.  Setscrew--Intermediate
Washer--Camshaft Thrust Bearing

Balance Weight Assy.-- 17.  Bearing--Camshaft-Rear
Camshaft-Front 18.  Gear--Camshaft-

Lock Washer—-Camshaft Nut L.H Helix
Nut--Camshaft-Front 19.  Weight--Integral Balance
Plug--Camshaft Camshaft

Woodruff Key 20. Nut--Camshaft-Rear

Thrust Shoulder--Camshaft  21.
Journal--Camshatft-
Intermediate 22.

Retainer--Camshaft Gear
Nut
Bolt--Gear Nut Retainer

23.

24.

26.

27.

28.

29.

30.

Balance Weight-- 32.  Bearing--Balance Shaft-
Camshaft-Rear Rear

Bolt--Weight Retainer 33.  Gear--Balance Shaft-
Balance Shaft R.H Helix
Bearing--Balance Shaft- 34.  Weight--integral

Front Balance-Balance Shaft
Washer--Balance Shaft 35. Nut--Balance-Shaft-
Thrust Rear

Balance Weight Assy.-- 36. Retainer--Balance Shaft
Balance Shaft-Front Gear Nut

Lock Washer--Balance 37. Bolt--Gear Nut

Shaft Nut Retainer

Nut--Balance Shaft-Front 38.  Balance Weight--
Thrust Shoulder--Balance Balance Shaft-Rear
Shaft 39. Bolt--Weight Retainer

Fig. 8 - Typical Camshaft and Balance Shaft Details and Relative Location of Parts

Align the key in the shaft with the keyway in the
camshaft drive gear and start the shaft into the gear.
Tap the shaft into the gear with a soft (plastic or
rawhide) hammer.

CAUTION: On the “A” and “ID” engines, make
sure the thrust washer is in the correct position
to prevent pushing the bushing into the bearing
or damage to the bushing.

Remove the camshaft gear puller, spacers and
adaptor plate. Finger tighten the gear retaining nut
on the shaft.

Install the front end bearing (and thrustwashers “B”
and “C” engines) with the bolts and lock washers.
Tighten the bolts to 35-40 Ib-ft torque.

CAUTION: Apply grease to the steel faces of
the thrust washers and insure that the steel
faces are towards the bearing.

6.

Install the balance weight on the front of the
camshatft.

Start the balance weight retaining nut and lock
washer on the camshaft [Eig. 8).] Place a wood
block between the balance weights[(Fig. 3]. Tighten
the gear retaining nut; then, tighten the balance
weight nut to 300-325 Ib-ft torque.

Align the holes in the camshaft intermediate
bearings with the tapped holes in the top of the
cylinder block. Install and tighten the lock screws to
15-20 Ib-ft torque.

Replace the parts, accessories and assemblies that
were removed from the engine and refill the cooling
system.
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CAMSHAFT AND BALANCE SHAFT GEARS

The camshaft and balance shaft gears, located at the
flywheel end of the engine, mesh with each other and run
at the same speed as the crankshaft[(Fig. 1). Viewing
the engine from the flywheel or gear train end, the right-
hand gear, whether on the balance shaft (RA and RD
engines) or camshaft (RB and RC engines), has left-
hand helical teeth, and the left-hand gear has right-hand
helical teeth. The idler gear mates with the left-hand
gear.

Since the camshaft and balance shaft gears must be in
time with each other, the letter “O” is stamped on one
tooth of one of the gears with a corresponding mark at
the root of the mating tooth of the other gear. Also, since
these two gears as a unit must be in time with the
crankshaft, an identification mark (letter “R” for right-
hand rotation) is located on either the camshaft gear or
balance shaft gear and the mating idler gear (se€ Eig. 1l
of [Section 1.7.2).

The camshaft and balance shaft gears are keyed to their
respective shafts and held securely against the shoulder
on the shaft by a nut. A gear nut retainer, with a double
hexagon hole in the center, fits over the nut and prevents
loosening of the nut. The retainer is attached to the gear
by bolts threaded into tapped holes in the gear. These
tapped holes are also utilized in mounting an accessory
drive on the camshaft or balance shaft gear.

The same two gears are used as camshaft and balance
shaft gears on three, four and six cylinder engines. A
small balance weight is attached to the inner face of
each gear. A different size weight is used on three, four
and six cylinder engines. The three cylinder engine
weight is secured to the gear with two 3/8"-24 x 1-1/8”
bolts, the four cylinder engine weight is secured with two
3/8"-24 x 1-3/8" bolts and the six cylinder engine weight
is secured with two 3/87-24 x 1-1/4” bolts. These weights
are important in maintaining perfect engine balance.

Remove Camshaft and Balance Shaft Gears

1. Remove camshaft and balance shaft from engine as
outlined in

2. Support the camshaft suitably in soft jaws of bench
vise, being careful not to damage cams.

3. Remove nut retaining gear on camshaft.

4. Back out puller screw of tool J 1902-01 and attach
puller to outer face of gear with four bolts[(Eig. 2).

Fig. 1 - Camshaft and Balance Shaft Gear Mounting

16. Gear--ldler 33. Gear--R.H. Helix-
18. Gear--L.H. Helix- Balance Shaft
Camshaft

5. Turn puller screw down against end of shaft to
remove gear.

6. Remove gear from balance shaft in similar manner.

7. If necessary, remove two weight retaining bolts and
remove balance weights from each gear.

8. If necessary, remove keys from camshaft and
balance shaft.

Inspection

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

Install Camshaft and Balance Shaft Gears
1. Install the balance weights on the gears, if removed.

2. Lubricate the shaft journals and place the cam-shaft
and balance shaft end bearings in place, with the
bolting flanges facing toward the gear ends of the
shafts. If the unit being serviced is an “A” or “D”
engine, install the thrust
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Fig. 2 - Removing Gear (Camshaft or Balance Shaft)

with Tool J 1902-01

washers between the end bearings and thrust shoulders
of the shafts, and between the end bearings and the
gears.

3.

4.

NOTE: Be sure the steel faces of the thrust
washers are next to the bearings.

Install the Woodruff keys for the gears in both shatfts.

Note that the teeth on one gear form a right-hand
helix and on the other a left-hand helix. When
viewing the engine from the flywheel end, the gear
with the right-hand helical teeth is located on the left-
side and the gear with the left-hand helical teeth is
located on the right-side of the engine. With this in
mind, rest the non-gear end of camshaft on a wood
block and start gear onto the other end of shaft by
hand so the keyway aligns with the key and with the
flat finished face of the gear away from the bearing.

Use gear installer, J 1903, as shown if_Fig. 3| to
drive the gears on the camshaft and balance shaft
tight against the shoulders on the shafts.

10.

Start the nuts on their respective shafts by hand.
Tighten the nuts after the shafts have been installed
in the cylinder block.

Install the camshaft and balance shaft in the engine
as outlined in

With the shafts and front balance weights in-stalled,
wedge a clean cloth between the cam-shaft and
balance shaft gears, and tighten the gear retaining
nuts to 300-325.11b-ft torque.

Secure the nuts with the retainers, retainer bolts and
lock washers.

Check the backlash between the mating gears. The
backlash should be within .003"-.010".

Fig. 3 - Replacing Gear (Camshaft Shown) with Tool J 1903
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1.7.4

IDLER GEAR AND BEARING ASSEMBLY

The idler gear mounts on a double row, tapered roller
bearing which, in turn, is supported on a stationary hub
[(Fig. 1). A hollow pin serves a two-fold purpose; first, as
a locating dowel it prevents the idler gear hub from
rotating and, second, the hollow pin conducts oil under
pressure from an oil gallery in the cylinder block through
a passage in the gear hub to the roller bearing inner
races.

The inner races of the idler gear bearing are pressed
onto the gear hub and, therefore, do not rotate since the
hub is doweled to the end plate and bolted to the cylinder
block and also bolted to the flywheel housing. A spacer
separates the two bearing inner races.

The bearing outer race has a light press fit in the idler
gear and is held against a flanged lip inside the idler gear
on one side and by a retainer se-cured tightly with six
bolts on the other side.

An idler gear hole spacer (dummy hub) is used on the
side opposite the idler gear. NO gasket is used between
the idler gear hub or dummy hub and the flywheel
housing. The flywheel housing bears against the inner
races of the idler gear bearing and also against the
dummy hub. Three self-locking bolts and steel washers
are used to attach the fly-wheel housing at the idler gear
and dummy hub locations. The washers seat in 7/8"
spot faces at the flywheel housing attaching bolt holes,
thus preventing oil leakage at these locations.

Remove ldler Gear, Hub and Bearing Assembly
and Idler Gear Hole Spacer (Flywheel Housing
Previously Removed)

1. Remove the hub to cylinder block bolt and washer
and withdraw the assembly from the cylinder
block rear end plate.

NOTE: Before removing the idler gear check
the idler gear, hub and bearing assembly for
any perceptible wobble or shake when pressure
is applied; by firmly grasping the rim of the gear
with both hands and rocking in relation to the
bearing. The bearing must be replaced if the
gear wobbles or shakes. If the gear assembly
is satisfactory, it is only necessary to check the
pre-load before reinstallation.

2. Remove the idler gear hole spacer (23]_Fig. 1 of
Section 1.7.2, in the same manner if the engine is
being completely reconditioned.

Disassemble Idler Gear, Hub and Bearing Assembly

While removing or installing an idler gear bearing, the
bearing MUST be rotated to avoid the possibility of
damaging the bearing by brinelling the bearing races.
Brinelling refers to the marking of the races by applying a
heavy load through the rollers of a non-rotating bearing
in such a way that the rollers leave impressions on the
contact surfaces of the races. These impressions may
not be easily discerned during normal inspection. For
example, a bearing may be brinelled if a load were
applied to the inner race of the bearing assembly in order
to force the outer race into the idler gear bore, thus
transmitting the force through the bearing rollers. A
brinelled bearing may have a very short life.

Refer t¢ Fig. 1 land disassemble the bearing as follows:

1. Remove the six bolts and three bolt locks which
secure the bearing retainer to the idler gear.

END PLATE

OIL PASSAGE
RETAINER
BEARING

SPECIAL

DOWEL PIN WASHER

(HOLLOW)

BOLT-HUB
TO BLOCK

CYLINDER
BLOCK

HUB
RING-SPACER
BEARINGS

IDLER
GEAR

Fig. 1 - Idler Gear Mounting
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Fig. 2 - Pressing Hub Out of Bearing

2. Clean the idler gear and bearing assembly with fuel
oil and dry it with compressed air.

3. Place the idler gear and bearing assembly in an
arbor press with the bearing cone or inner race
supported on steel blocks as’ shown if_Eig. 2.] While
rotating the gear assembly, press the hub out of the
bearing. Remove the gear assembly from the arbor
press and remove the bearing cones and spacer.

NOTE: Component parts of the idler gear
bearing are mated; therefore, match-mark the
parts during disassembly to assure they will be
reassembled in their original positions.

4. Tap the bearing cup (outer race) from the idler gear
by using a brass drift alternately at four notches
provided around the shoulder of the gear.

Inspect Idler Gear and Bearing

Wash the idler gear, hub, and bearing components
thoroughly in clean fuel oil and dry with compressed air.
Inspect all parts for wear.

Inspect bearings carefully. Wear, pitting, scoring or flat
spots on the rollers or races are sufficient cause for
rejection and the bearing assembly must be replaced.

Check the idler gear hub and spacer for wear or
damage.

Examine the gear teeth for evidence of scoring, pitting
and wear. If severely damaged or worn, replace the
gear. Also, inspect other gears in the gear train.

Assemble Idler Gear, Hub and Bearing Assembly

Refer t¢_Fig. 3]and assemble bearing components in
their original positions (refer to identification marks made
during disassembly) as outlined below:

1. Support the idler gear, shoulder down; on the bed of
an arbor press and start the outer bearing race
squarely into the bore of the gear. Then, press the
bearing race tight against the shoulder of the gear,
using a steel plate between the ram of the press and
the bearing race.

2. Support one bearing cone, numbered side down, on
bed of arbor press and lower the idler gear and
bearing cup assembly down over the bearing cone.

3. Lay spacer ring on face of bearing cone.

4. Place the second bearing cone, numbered side up,
in the idler gear and bearing cup assembly and
against the spacer ring.

5. Then, position the idler gear hub over the bearing
cones so that the oil hole in the hub is 180° from the
gap in the spacer ring.

6. Press the hub into the idler gear bearing cones,
while rotating the gear (to seat the rollers properly
between the cones) until the face of the hub which
will be adjacent to the cylinder block end plate is
flush with the corresponding face of the bearing
cone. The bearing cones should be supported so as
not to load the bearing rollers during this operation

[(Fig. 4).

Prior to installing and securing the bearing retainer,
check the preload of the bearing assembly as
outlined below.

~

Check Pre-Load of Bearing

The rollers of the bearing are loaded between the
bearing cup and bearing cones in accordance with
design requirements to provide a rigid idler gear and
bearing assembly. As the bearing cones are moved
toward each other in a tapered roller bearing assembly,
the rollers will be more tightly held between the cones
and cup. In the idler gear bearings, a slight pre-load is
applied by means of a
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IDLER GEAR AND BEARING ASSEMBLY 1.7.4

Fig. 3 - Idler Gear Details and Relative Location of Parts

selected spacer ring between the bearing cones, to
provide rigidity of the gear and bearing assembly when it
is mounted on its hub. This method of pre-loading is
measured, in terms of “pounds-pull’, by the effort
required at the outer diameter of the gear to turn the
bearing cup in relation to the bearing cones.

Any time an idler gear assembly has been removed from
an engine for servicing or inspection, while performing
engine overhaul or other repairs, the pre-load should be
measured as part of the operation.

After the idler gear, hub, and bearing are assembled
together, the bearing should be checked to ascertain that
the gear may be rotated on its bearing without exceeding
the maximum torque specifications, nor be so loose as to

F/W\/LJRBOR PRESS RAM
HUB BEARING

»—GEAR ASSEMBLY
L N ’ " ]
PARALLEL | « PARALLEL
BAR /// BAR
Pa

1547

Fig. 4. Pressing Hub into Bearing

permit the gear to be moved in relation to the hub by
tilting, wobbling or shaking the gear.

If the mating crankshaft and camshaft or balance shaft
gears (depending upon engine model) are not already
mounted on the engine, the torque required to rotate the
idler gear may be checked by mounting the idler gear in
position on the engine, using a steel plate 4” square and
3/8” thick against the hub and cone as outlined below.

However, if the gears are on the engine, a suitable
fixture, which may be held in a vise, may be made as
shown irl_Fig. 5.] Three plates, a ¥"-13 x 2 %" bolt and a
plain washer are used with a %2"-13 nut and plain washer
for mounting. One of the plates is used to take the place
of the flywheel housing, and the other two plates, the
cylinder block. “Engine-mounted” conditions are
simulated by tightening the nut to 80-90 Ib-ft torque and
tightening the three plate-to-hub attaching bolts to 25-40
Ib-ft torque. The components of the fixture may be made
from steel stock in accordance with the dimensions

shown if Fig. 6]

The idler gear bearing must be clean and lubricated with
clean light engine oil prior to the pre-load test. Idler gear
assemblies which include new bearings should be
“worked in” by grasping the gear firmly by hand and
rotating the gear back and forth several times.
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) IDLER
* GEAR

IDLER GEAR

HUB i§§§!e§.‘ln"q.zi;i
FLYWHEEL . .
HOUSING f,m;
TO HUB

BOLTS

1548

Fig. 5 - Fixture for Testing Bearing Pre-Load

To check the pre-load by the first method:

1.

2.

Mount the idler gear assembly on the engine.

Install the center bolt and washer through the gear
hub and thread into the cylinder block (effective with
3A-48440, 4A-96718, 6A-101509 a ¥2"-13 x 2 ¥5" bolt
replaced the %2"-13 x 2” bolt). Tighten the bolt to 80-
90 Ib-ft torque.

Place steel plate (lower plate shown if_Fig. )
against hub and bearing. Insert three 3/8"-16 bolts
through plate and thread into hub. Tighten the bolts
to 25-40 Ib-ft torque.

Tie one end of a piece of lintless 1/8” cord around a
1/8” round piece of wood (or soft metal stock). Place
the wood between the teeth of gear, then wrap the
cord around the periphery of the gear several times.
Attach the other end of the cord to spring scale, J
8129[(Fig. 7). Maintain a straight, steady pull on the
scale, 90° to the axis of the hub, and note the pull, in
pounds and ounces, required to start the gear

4" DIA. HOLE

TR
—-—T' 2' F .+ -

Y- 2
— 14" DIA. HOLE

T8 14" DIA,
THREE HOLES

+:__
?i-
il

:
@_
|

:

—— « k"’i 1549

Fig. 6 - Plates for Bearing Test Fixture

rotating. Make several checks to obtain an average
reading. If the pull is within 1-1/4 Ib. minimum to 6
Ibs. 12 ounces maximum and does not fluctuate
more than 2 Ibs. 11 ounces, the idler gear and
bearing assembly are satisfactory for use.

To check the pre-load by the second method:

1.

Attach the plates (two upper plates &f Fig. 8) to the
idler gear with ¥2"-13 center bolt, washers and nut as
shown il_Eig. 5] Tighten the bolt to 80-90 Ib-ft
torque.

Attach the other plate to the idler gear with

Fig. 7 - Checking Pre-Load of Idler Gear Bearing
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three 3/8"-16 bolts. Tighten the bolts to 25-40 Ib-ft

torque. 2.

3. Clamp the idler gear assembly and fixture in vise as

shown ifFig. 7]

4. Attach the cord to the idler gear and spring scale and
check the pre-load as outlined in item 4 of the first

method. 3.

If the scale reading is within the specified 1-1/4 to 6-3/4
Ibs., but fluctuates more than the permissible 2 Ibs. 11
ounces, the idler gear and bearing assembly must NOT
be installed on the engine. Fluctuations in scale reading
may be caused by the races not being concentric to each

other, damaged races or rollers, or dirt or foreign 4,

material within the bearings. In these cases, the bearing
should be inspected for the cause of fluctuation in the
scale readings and corrected or a new bearing installed.

A scale reading which exceeds the specified maxi-mum 5.

indicates binding of the bearing rollers, or rollers
improperly installed. When the scale reading is less than
the specified minimum, the bearing is more likely worn
and should be replaced.

After the pre-load test is completed, remove the steel
plates and attach bearing retainer as follows:

1. Attach the bearing retainer to the idler gear with six
bolts and three bolt locks. Tighten the bolts to 24-29
Ib-ft torque.

2. Bend the ears of each bolt lock against the flat side
of the attaching bolt heads to secure the bolts.

NOTE: Idler gear assemblies which have a
total length of 1. 514" to 1. 519" are to be
used ONLY on engines equipped with a cast

iron flywheel housing. Idler gear assemblies 8.

with a total length of 1.509” to 1.514” are used
on engines with an aluminum flywheel housing
and may also be used with cast iron housings.

Install Idler Gear, Hub and Bearing Assembly

1. Position the crankshaft gear and either the balance 9.

shaft or camshaft gear (depending upon engine
rotation) so that the match marks will align with those

on the idler gear (seé_Fig. 11Section 1.7.2).

TM 5-3810-300-24&P-3

With these marks in alignment, start the idler gear
into mesh with the crankshaft gear and either the
camshaft or balance shaft gear, and simultaneously
rotate the gear hub so that the hollow pin at the inner
face of the hub nearly registers with the oil hole in
the end plate.

Roll the idler gear into position, align the hollow pin
with the hole in the end plate, and gently tap the hub
until it seats against the end plate. Thus the hollow
dowel pin in the hub will conduct oil through the end
plate and into the hub where it flows through a drilled
passage to the roller bearing.

After making sure that the hub is tight against the
end plate, secure the idler gear assembly in place
with a %2"-13 bolt and special washer. Tighten the
bolt to 80-90 Ib-ft torque (cast iron cylinder block).

If previously removed, install the idler gear hole
spacer (dummy hub). Secure the spacer to the
cylinder block end plate and cylinder block with a ¥2"-
13 bolt and special washer. Tighten the bolt to 80-90
Ib-ft torque (cast iron cylinder block).

CAUTION: Current engines use a new idler
gear hub and idler gear hole spacer (dummy
hub) which requires %2"-13 x 2 %" retaining
bolts, re-placing the %2"-13 x 2" bolts formerly
used.

Lubricate the idler gear and bearing liberally with
clean engine oil.

Check the backlash between the mating gears. The
backlash must be .003” to .008" between new gears
and must not exceed .010” between used gears.

No gasket is used between the idler gear assembly
and the flywheel housing.

NOTE: Make sure the oil passage in the
cylinder block is plugged at the dummy hub
location.

Install the flywheel housing as outlined inf_Section]
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1.7.5

CRANKSHAFT TIMING GEAR

Fig. 1 - Removing Crankshaft Timing Gear

The crankshaft timing gear is bolted to the flange at the
rear end of the crankshaft and drives the camshaft gear
(RA and RD engines) or balance shaft gear (RB and RC
engines) through an idler gear.

Since the camshaft must be in time with the crankshatft,
timing marks are located on two teeth of the idler gear
with corresponding timing marks stamped on the
crankshaft gear and camshaft and balance shaft gears
(refer to Bection 1.7.7).

Remove Crankshaft Timing Gear (Flywheel Housing
Removed)

The crankshaft gear is a press fit on the crankshaft.
Remove the gear as follows:

1. Remove the crankshaft rear oil seal sleeve, if used.
To remove the sleeve, peen the outside diameter of
the sleeve until it stretches sufficiently so it can be
slipped off of the crankshaft.

2. Before removing the crankshaft gear, align the timing
marks of the gear train and note their location so the
gear can be reinstalled in its original position.

3. Remove the six bolts and lock washers securing the
gear to the crankshaft.

4. Provide a base for the puller screw by placing a steel
plate across the cavity in the end of the crankshaft.
Then remove the gear with a suitable puller as
shown i Fig. 1]

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 severely damaged or worn, install a
new gear. Also check the other gears in the gear train.

Install Crankshaft Timing Gear

1. Position the gear on the rear end of the crankshaft
with the flat finished hub of the gear facing toward
the cylinder block and with all six bolt holes in the
gear aligned with the tapped holes in the crankshaft.
One bolt hole is offset so the gear can be attached in
only one position.

2. Align the proper timing mark (“R”) on the crankshaft
gear tooth with the corresponding mark on the idler
gear (refer to Bection 1.7.1}.

NOTE: When advanced timing is required,
align the timing mark “A” with the timing mark
on the idler gear.

3. Start the six 3/8"-24 bolts with lock washers through
the gear and into the crankshaft. Then draw the
gear tight against the shoulder on the crankshaft.
Tighten the bolts to 35-39 Ib-ft (47-53 Nm) torque.

4. Check the backlash with the mating gear. The
backlash should be .003 “ to .008” with new gears or
.010” maximum with used gears.

5. Install a new crankshaft rear oil seal sleeve, if
required, as outlined in {Section 1.3.2
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BLOWER DRIVE GEAR AND SUPPORT ASSEMBLY

The blower drive gear is mounted on the blower drive
gear support and in addition to driving the blower, drives
the governor, water pump and fuel pump. The drive is
cushioned by a spring-loaded flexible coupling which
insures a uniform rotation of the blower rotors (Eigs. 1l
and 5).

The left-hand helix blower drive gear is driven by the
camshaft gear on RA engines and the balance shaft gear
on RB engines. The right-hand helix blower drive gear is
driven by the camshaft gear on RC engines, and the
balance shaft gear on RD engines see _Fig. 1l in_Section]

NOTE: The 39 tooth and the 40 tooth blower
drive gears are interchange-able, however, the
governor will have to be adjusted to
compensate for the approximately 2.5 per cent
change in the governor drive speed.

A new blower drive support assembly has replaced the
former assembly[(Fig. 2). The new and former blower
drive assemblies are different in that the flanged bearing,
which also served as a thrust surface, has been replaced
by a new bearing. The inner bearing of the new
assembly protrudes slightly from the inner face of the
support to facilitate installation of and to serve as a pilot
for the thrust washer.

Remove and Install Blower Drive Shaft

If the blower drive shaft is not broken, it may be removed
as follows:

1. Remove the six bolts (94 and 95) that secure the
flywheel housing small hole cover (92)_Fig. 1]

2. Refer[to Fig. 4 and remove the snap ring and pull the
blower drive shaft out of the drive assembly.

NOTE: Some shafts have a tapped hole in the
end which can be used as an aid in removing
the shatft.

If the blower drive shaft is broken and it is not possible to
remove all of the pieces, it will be necessary to remove
the blower, see[Section 3.4

A broken drive shaft indicates an unusual loading which
may have been caused by a bearing failure

1.7.6
Fig. 1 - Typical Blower Drive Gear and
Support Assembly
47  Cover--Blower Drive 73 Lock Washer
51  Seal--Drive Cover 75 Pipe--Drive Bearing Oll
52  Clamp--Cover Seal 76 Elbow--Oil Pipe
53  Gear--Blower Drive 79 Shaft--Blower Drive
54  Hub--Drive Gear 80 Ring--Blower Drive
55  Lock Ball Shaft
56  Washer--Drive Gear 81 Hub--Blower Rotor Gear
Hub Thrust 83 End Plate--Cylinder
57  Nut--Drive Gear Hub Block-Rear
58 Lock Washer 91 Housing--Flywheel

59  Bearing--Drive Gear Hub 92
61  Support--Drive Gear Hub

Cover--Flywheel
Housing (Small Hole)

63  Gasket 93 Gasket--Cover

64  Bolt--Drive Gear 94 Bolt--3/8"-16 x 7/8"-
Hub Support Cover

67  Support--Drive Coupling 95 Bolt--3/8"-24 x 5"-

68  Cam--Drive Coupling Cover

71  Retainer--Drive Coupling 96 Lock Washer

72  Bolt--Drive Coupling 102  Thrust Washer

or other malfunction. Inspect the blower drive, blower
rotors and the housing before replacing the drive shaft.
Refer to the blower inspection procedure in[Section 3.4

Reverse Steps 1 and 2 for the installation of the blower
drive shaft.

Remove Blower Drive Gear and Support Assembly
(Flywheel Housing Removed)

Removal of the flywheel housing is not necessary when
removing the blower drive gear, however, an inspection
of the gear train is advisable when any one of the gears
requires service. The procedures for the removal of the
flywheel and flywheel housing are found in[Sections 1.4
and 1.5.
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1.7.6 BLOWER DRIVE GEAR

Fig. 2 - Blower Drive Support Assembly

Before removing the blower drive gear, the blower drive
shaft must be removed as previously outlined.

1. Remove the blower as outlined in[Section 3.4]
2. Remove the blower drive oil lind_(Fig. 3).

3. Straighten the ears on the lock washer (58) and
loosen the drive gear hub nut (57)_Fig. 5]

4. Remove the blower drive support attaching bolts.

5. Loosen the blower drive support by tapping it lightly
and withdraw the support from the cylinder block rear
end plate. Take care to pre-vent damage to the
blower drive gear teeth. Discard the gasket.

Disassemble Blower Drive Gear and Support
Assembly

1. Secure the blower drive gear and support assembly
in a vise with soft jaws.

2. Take out the drive coupling bolts (72) and re-move
the retainer (71) and coupling support (67)._Fig. 5|

3. Remove the drive gear hub nut (57), lock washer
(58), lock ball (55) and thrust washer (56) and
withdraw the blower drive gear hub.

4. Remove the thrust washef (Fig. 2) from the blower
drive gear hub.

5. Press the gear hub out of the blower drive gear.
Inspection

Clean the parts with fuel oil and dry them with
compressed air. Ensure that the oil grooves, oil holes,
and cavities are free of dirt.

Replace the thrust washers if they are worn or. scored.

If the bearings are worn or scored excessively the drive
gear hub support or bearings will have to be replaced.
These bushing type bearings are diamond bored to an
inside diameter of 1.6260” to 1.6265", after installation in
the hub.

The clearance between the bearings and the hub is
.0010” to .0025" with new parts and a maximum of
.0050" with used parts.

The current bearing on the gear end protrudes .045" to
.055" above the surface of the face to facilitate the
installation of the blower drive thrust

Fig. 3 - Blower Drive Gear and Support
Assembly Mounting
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washer[ (Fig. 2). The other bearing is installed with the
end flush to .030” below the surface of the face of the
support. Each of the former bearings were flanged.
Replacement bearings must withstand a 2000 Ib. end
load without moving, also the bearing bores must be
square with the inner and outer faces of the support
within .001” total indicator reading.

Replace the blower drive shaft if the serrations are worn
or damaged.

Inspect the blower drive coupling support, cam, spring
seats and spring packs. Replace worn or damaged
parts.

The current blower drive couplings effective with Engine
Serial Numbers 3A-38417, 4A-77750 and 6A-84358,
incorporate spring seats which prevent pressure and
wear from the spring packs on the coupling, thereby
prolonging the life of the coupling. Shorter springs are
required for use with the spring seats. When a spring
replacement is necessary, the new springs and spring
seats, available in a kit, must be installed.

Examine the blower drive gear. If the teeth are
excessively worn, scored or pitted, the gear must be
replaced.

Assemble Blower Drive Gear and Support Assembly
The relative location of the parts is shown ih Fig. 5l

1. Secure the blower drive gear support (61) in a vise
with soft jaws.

2. Press the drive gear hub (54) into the drive gear
(53).

3. Lubricate the drive gear hub, bearings in the support,
thrust surfaces and blower drive thrust washer with
engine oil.

4. Place the thrust washer (102) on the protruding
bearing in the flywheel housing side of the sup-port
and insert the blower drive gear hub and gear
assembly.

5. Locate the lock ball (55) in its place on the drive gear
hub and slide the hub thrust washer (56) into position
over the lock ball. The thrust washer must be
installed with the tapered face toward the threads on
the hub.

GROOVE IN CAM
(NOT IN EARLIER CAMS)

ACCESSORY

EARLY LONG SHAFT AND SNAP RING

SNAP RING
DRIVE CAM

ACCESSORY

CURRENT LONG SHAFT AND SNAP RING

DRIVE CAM

¢

1555

SHORT SHAFT AND SNAP RING

Fig. 4 - Blower Drive Shaft Mounting

Install a new lock washer (58) and finger tighten the
nut (57) on the hub. Install two bolts into the
threaded holes in the drive gear hub. Place a
suitable holding bar across the bolts to keep the hub
from rotating and tighten the hub nut to 50-60 Ib-ft
torque. Bend the ears of the lock washer against the
nut to lock the nut in place. Remove the two bolts.

Assemble the blower drive coupling.

a. Place the drive coupling support (67) on wood
blocks as shown ih Fig. 6]

b. Install the spring end seats (101) and place the
spring seats (70) in each corner of the drive
coupling support.
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Fig. 5 - Typical Blower Drive Gear Details and Relative Location of Parts

Seal--Drive Cover 57. Nut--Drive Gear Hub
Clamp--Cover Seal 58. Lock Washer
Gear--Blower Drive 61. Support--Drive Gear
Hub--Drive Gear Hub

Lock Ball 63. Gasket

Washer--Drive Gear Hub 67. Support--Drive Coupling
Thrust 68. Cam--Drive Coupling

Apply engine oil to the drive coupling springs
(there are 21 leaves in each spring pack) and
insert them in the coupling support.

Place the blower drive cam (68) on the in-staller
J 1471, insert the round end of the tool between
the spring packs (69) and press the cam into

positior (Fig. 6).

Fig. 6 - Inserting Blower Drive Cam

69.

70.
71.

72.
73.

Spring (Pack)--Drive 76.  Elbow--Oil Pipe
Coupling 99.  Cap--Oil Filler
Seat--Coupling Spring 100.  Strainer--Oil Filler
Retainer--Drive 101.  Seat--Coupling
Coupling Spring End
Bolt--Drive Coupling 102.  Washer--Thrust
Lock Washer

7. Place the coupling support against the drive gear
with the blower drive shaft ring groove in the cam
facing away from the drive gear. Then, place the
drive coupling retainer (71) against the coupling
support with the flared edge away from the support.
Revolve the coupling assembly on the hub flange
until the cam lobes are in line with the oil grooves in
the gear hub[(Eig. 7] to ensure proper lubrication.

8. Install the drive coupling bolts.
Install Blower Drive Gear and Support Assembly

1. Check the clearancd (Fig. 2) between the drive
support and gear hub thrust washer on current
engines or between the drive support bearing flange
and the gear hub thrust washer on former engines,
before installing the blower drive gear support
assembly. The clearance on the current engines
must be .006” to .014” and on the former engines
with the flanged bearing .005” to .008".

2. Place a new gasket (63) on the mounting face of the

hub support(Eig. 5).

3. Attach the blower drive gear and support assembly
to the cylinder block rear end plate with the two 3/8”-
24 x 7/8 bolts.
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Connect the oil lind_(Fig. 3).

Install the blower as outlined in and
secure the seal (61) and clamp (52}, Fig. 5]

Insert the blower drive shaft into the blower rotor
gear hub. The end without the groove for the ring
must be inserted first.

Lock the drive shaft in place by installing the ring in
the groove provided in the coupling cam.

Re-install the flywheel and flywheel housing as

described ih_Sections 1.4 and 1.5 and install the

remaining bolts that secure the blower drive gear

and support assembly. Fig. 7 - Relation of Blower Drive Cam
to Oil Grooves in Gear Hub
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ACCESSORY DRIVE

BALANCE
WATER SHAFT

FLYWHEEL

Fig. 1 - Accessory Drive Locations

Accessory drives have been provided on the rear of
engines to accommodate both gear driven and belt
driven accessories.

For possible accessory drive locations and rotation of the
drive at a particular position, refer to Fig. 1l

The drive for direct gear driven accessories, such as air
compressors or hydraulic pumps consist of a drive hub,
coupling and drive plate[(Eig. 2) or a spacer, drive plate
and drive couplind (Fig. 3).

The drive plate, and spacer when used, are bolted to the
camshaft or the balance shaft gear. The accessory is
bolted to the flywheel housing and driven by a drive hub
or a drive coupling[(Fig. 3).

The current drive coupling and plate has 21 external
teeth, the former coupling and plate[(Fig. 3) had 23
external teeth.

Fig. 2 - Air Compressor Drive

Belt driven accessories, such as battery charging
generators or air compressors, are driven off the
camshaft or balance shaft gears by a drive hub, and
pulley[(Fig. 4), or a drive plate, drive shaft, and pulley
[(Fig. 5).

In the first arrangement, illustrated in_FEig._4] the drive
pulley hub is bolted to the camshaft or balance shaft
gear. The oil seal retainer is bolted to the flywheel
housing, and the pulley is keyed to the drive hub shaft
which extends through the oil seal retainer.

In the second arrangement, shown in_Fig. 5] the spacer
and accessory drive plate are bolted to the balance shaft
gear. The accessory drive shaft is splined to the drive
plate at one end and supported by a bearing in the
accessory drive retainer at the other end. The accessory
drive retainer, which

Fig. 3 - Hydraulic Pump Drive
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Fig. 4 - Components of Accessory Drive for Belt Driven Accessory (Drive Hub Type)

also incorporates an oil seal, is bolted to the flywheel 2.

housing. The pulley is keyed to the drive shaft which
extends through the drive retainer assembly.
Remove Accessory Drive

The gear driven type accessory drive may be removed
as follows:

1. Remove any external piping or connections to the
accessory.

Remove five bolts and lock washers attaching the
accessory to the flywheel housing. Pull the
accessory straight out from the flywheel housing.

Remove the drive hub or the drive coupling from the
accessory shatft.

Place a clean, lintless cloth in the flywheel housing
opening, underneath the accessory drive plate, to
prevent bolts from accidentally falling into the gear
train. Remove the lock wires, if used. Then, remove
four bolts (and

Fig. 5 - Components of Accessory Drive for Belt Driven Accessory (Drive Plate Type)
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lock washers if used) and remove the accessory drive
plate, and spacer if used.

To remove the drive assembly for a belt driven type
accessory, the following procedure may be used:

1. Remove any external piping or connections to the
accessory.

2. Loosen the accessory and slide it toward the drive
pulley. Then, remove the drive belt and accessory.

3. Remove bolt and washer (Fig. 4), or nut (Fig. 5),
retaining the pulley on the drive shaft.

4. Use a suitable gear puller, to remove the pulley from
the drive shaft. Remove the Woodruff key.

5. Remove five bolts and lock washers which attach the
drive retainer assembly to the flywheel housing.
Remove the retainer assembly.

6. Remove the accessory drive shaft, drive plate and
spacer[_(Fig. 8), or drive hub[_(Fig. 4) in manner
similar to that outlined in Steps 3 and 4 under
removal of the direct gear driven type accessory
drive.

7. Remove the snap ring and ball bearing from the
accessory drive shaft retainer assembly shown in
Fig. 5.

Inspection

Clean accessory drive parts with clean fuel oil and dry
them with compressed air. Examine the gear teeth of
the drive shaft, drive coupling, drive hub or drive plate for
wear. If worn excessively, re-place with new parts.

Inspect the ball bearing used to support the accessory
drive shaft shown in[Eig. 5.1 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 outside of the bearing clean; then hold the inner race
and revolve the outer race slowly by hand. If bearing is
worn or does not roll freely, replace the bearing.

Check oil seals for wear or damage. Replace if
necessary.

Inspect accessory drive hub, shown i _Fig. 4 for
grooving at area of contact with lip of oil seal. If hub is
grooved to a point where the effectiveness of oil seal is
lost, a ring type oil seal spacer is available which serves

SPACER

DRIVE HUB

Fig. 6 - Location of Oil Seal Sbacer

to reposition the seal, thus providing a new sealing
surface for the lip of the seall(Fig. 6).

Install Accessory Drive
1. Remove old gasket material from flywheel housing.

Use care so that no gasket material falls into gear
train compartment.

2. Insert clean, lintless cloth in flywheel housing

opening to prevent bolts from accidentally falling in
the gear train. Align bolt holes in accessory drive
plate, and spacer if used or accessory drive hub,
with tapped holes in cam-shaft or balance shaft gear.
Then, secure the plate and spacer, or drive hub, with
four bolts (and lock washers or lock wire if used).

3. |If a gear driven accessory is used as shown in Figs.

2 and 3, install the accessory drive hub or drive
coupling squarely on the accessory shaft, then:

a. Place a new gasket on the flange and align the
holes in the gasket with the bolt holes in the
flange. Apply a light coat of grease to retain the
gasket in position.

b. Place the accessory in position against the
flywheel housing, rotating it, if necessary, to align
the teeth of the drive plate with.
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those in the drive coupling. Secure the accessory to
the flywheel housing with five bolts and lock washers.

If accessory drive shown i Fig. 51s used, assemble
as follows:

Install accessory drive plate and spacer as outlined
in Steps 1 and 2 above.

Place the drive shaft retainer on bed of arbor press,
mounting flange side up. Press ball bearing, with
protruding face of inner race towards retainer,
straight in until the bearing contacts the shoulder in
the bore of the retainer. Install the snap ring.

Turn the retainer over and press the oil seal into the
bore of the retainer with the lip of the seal towards
the bearing.

Turn the retainer over again, bearing side up, and
press the accessory drive shaft in the bearing until
the shoulder on the shaft contacts the bearing.

Apply a light coat of grease to the mounting flange of
the retainer and place a new gasket in position
against the flange. Align the holes in the gasket with
the bolt holes in the flange.

Place the retainer and drive shaft assembly against
the flywheel housing, rotating slightly, if necessary, to
permit teeth of the drive shaft to mesh with the teeth
in the drive plate. Secure the retainer assembly to
the flywheel housing with five bolts and lock
washers.

Install the Woodruff key in the drive shaft. Start the
pulley straight on the shaft, aligning the keyway in
the pulley with the key on the shaft. Use a soft
hammer to tap the pulley on the shaft.

Thread the pulley retaining nut on the end of the
drive shaft and draw it up tight.

Install the accessory drive on the engine and slip the
drive belt over the pulleys. Position the accessory to
provide proper tension on the belt and secure it in
place.

NOTE: When installing or adjusting an
accessory drive belt(s), be sure the bolt at the
accessory adjusting pivot point is properly
tightened, as well as the bolt in the adjusting
slot. Tighten the 7/16"-14 (300M) pivot bolt to
72-77 Ib-ft torque. Tighten the 7/16"-14
(280M) pivot bolt to 46-50 Ib-ft torque.

Assemble the accessory drive shown if_Fig. 4] as
follows:

Press a new oil seal in the retainer, if the seal was
removed.

Coat the mounting flange of the retainer lightly with
grease and place a new gasket against the flange.
Align the holes in the gasket with the bolt holes in the
flange.

With the accessory drive hub in place (see item 2
above), slip the retainer and oil seal assembly over
the end of the shaft. Use care not to damage the oil
seal. Secure the retainer to the flywheel housing
with five bolts and lock washers.

Install the Woodruff key. Start the pulley straight on
the shaft, aligning keyway in pulley with key on shatft.
Use a soft hammer to tap pulley on the shaft.

Install washers and pulley retaining bolt and draw the
bolt up tight.

Install the accessory drive on the engine and slip the
drive belt over the pulleys. Position the accessory to
provide proper tension on the belt and secure it in
place.

NOTE: When installing or adjusting an
accessory drive belt(s), be sure the bolt at the
accessory adjusting pivot point is properly
tightened, as well as the bolt in the adjusting
slot. Tighten the 7/16"-14 (300M) pivot bolt to
72-77 Ib-ft torque. Tighten the 7/16"-14
(280M) pivot bolt to 46-50 Ib-ft torque.
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BALANCE WEIGHT COVER

1. Cover—Balance Weight 4.
2. Bolt—3/8-24 x 3 (to end

Bolt—3/8 16 x 1-7/8 (to
cylinder block)

plate) 5. Bolt—3/28-24 x 1-1/2
3. Bolt—3/8-16 x 3-1/2 (to (to end plate)
cylinder block) 6. Washer--Plain

Fig. 1 - Balance Weight Cover Mounting

The front balance weight cover[(Eig. 1) encloses the front
engine balance weights and also serves as a support for
various equipment such as the cooling fan support
bracket.

The balance weight cover requires no servicing.
However, when an engine is being completely
reconditioned or the camshaft, balance shaft or front
balance weights need replacing, the balance weight
cover must be removed.

Remove Cover
1. Drain the cooling system.

2. Loosen the hose connections between the radiator
and the engine.

Fig. 2 - Balance Weight Cover Bolt Tightening
Sequence

3. Remove the radiator.

4. Remove the fan, fan hub and adjusting bracket.

5. Remove the fifteen bolts, lock washers and plain
washers (Fig. 1) which secure the balance weight
cover to the cylinder block and the front end plate.

Remove the cover and gasket.

6. Remove all traces of the old gasket material from the
cover and the end plate.

Install Cover

1. Affix a new gasket to the balance weight cover.

2. Install the cover in place and install the fifteen
attaching bolts, lock washers and plain washers

finger tight.

3. Refer and tighten the bolts to 25-30 Ib-ft
(34-41 Nm) torque.

4. Install the various sub-assemblies that were
previously removed.
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1.0
SHOP NOTES-TROUBLE SHOOTING-SPECIFICATIONS-SERVICE
TOOLS
SHOP NOTES
PISTON AND CYLINDER LINER USAGE
1. “N” pistons are .030” longer than the “E” pistons and port cylinder liners can be wused with fire ring

approximately .155" longer than the special “E” piston. In
addition, the fire ring turbocharged piston is .125” longer
than the non-fire ring turbocharged piston. These
dimension differences dictate that pistons cannot be
mixed in an engine. To do so would result in misfiring
and a rough idle condition which could ultimately result in
cylinder liner scuffing.

2. The “E” and “turbo” figure 8 cylinder liner has .900 “
long ports compared to 1.055 “ long ports in the oval port
liner and .703" long ports in the standard two valve figure
8 port liner. These port dimension differences prohibit
mixing of cylinder liners in an engine which would result
in a timing differential and compression ratio changes.

3. Only the oval port cylinder liners can be used with
18.7:1 compression ratio pistons. In addition, only oval

turbocharged pistons. The standard figure 8 port
cylinder liner should be used only with the non-fire ring
two valve piston.

4. Crown valve injectors can be used with the 18.7:1
pistons. Crown valve and needle valve injectors must
not be mixed in an engine.

5. When converting to “N” pistons (see Item 1), it is
important that the exhaust valve protrusion be measured
carefully to assure that when fully closed the exhaust
valves do not protrude more than .006 “ above the
cylinder head fire deck. Only the “thin” exhaust valve
inserts (for two valve or four valve heads) which are
.247" [.251" thick can be used with the “N” piston.

TEFLON WRAPPED PIPE PLUG

Pipe plugs with a baked teflon coating are available for
service. However, pipe plugs can be hand wrapped
satisfactorily with teflon tape to provide a better seal and
facilitate plug removal. When a teflon wrapped plug is
installed, it is extremely important that the specified
torque not be exceeded.

Hand wrap a pipe plug with teflon tape as follows:
1. Be sure the pipe plug is thoroughly clean and dry

prior to applying the teflon tape. All dirt, grease, oil and
scale must be removed.

2. Start the tape one or two threads from the small or
leading edge of the plug, joining the tape together with
an overlap of approximately 1/8 “ .

3. Wrap the tape tightly in the same direction as you
would turn a nut. The tape must conform to the
configuration of the threads (be pressed into the minor
diameter of the threads) without cutting or ripping the
tape.

4. Hand tighten and hand torque the pipe plug and do
not exceed the specified torque. Do not use power tools.
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CHECKING BEARING CLEARANCES

Fig. 2 - Using Plastic Strip to Measure
Bearing-to-Crankshaft Clearance

A strip of soft plastic squeezed between the crankshaft
journal and the connecting rod bearing or main bearing
may be used to measure the bearing clearances.

The strip is a specially molded plastic "wire"
manufactured commercially and is available in three
sizes and colors. Type PG-I (green) has a clearance
range of .001 "to .003", type PR-I (red) has a range of

.002 " to .006" and type PB-I (blue) has a range of .004"
to .009" .

The plastic strip may be used for checking the bearing
clearances as follows:

1. Remove the bearing cap and wipe the oil from the
bearing shell and the crankshaft journal.

NOTE: When checking the main bearing
clearances with the engine in a position where
the main bearing caps are supporting the
weight of the crankshaft and the flywheel, an
erroneous reading, due to the weight of the
crankshaft and flywheel, can be eliminated by
supporting the weight of the crankshaft with a
jack under the counterweight adjoining the
bearing being checked.

2. Place a piece of the plastic strip the full width of the
bearing shell, about ¥ “ off center (Eig. 2.

3. Rotate the crankshaft about 30’ from bottom dead
center and reinstall the bearing cap. Tighten the bolts to
the specified torque.

4. Remove the bearing cap. The flattened plastic strip
will be found adhering to either the bearing shell or the
crankshaft.

5. Compare the width of the flattened plastic strip at its
widest point with the graduations on the envelope[(Figl
[2). The number within the graduation on the envelope
indicates the bearing clearance in thousandths of an
inch. Taper may be indicated when one end of the
flattened plastic strip is wider than the other. Measure
each end of the plastic; the difference between the
readings is the approximate amount of taper.
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TROUBLE SHOOTING

EXHAUST VALVE

‘ [ Probable Causes ]

1. STICKING VALVE

2. IMPROPER VALVE
SEATING

3. VALVE SEAT PITTED
OR OVERHEATED

4. BENT VALVE

5. BROKEN VALVE

6. EXCESSIVE VALVE TO
GUIDE CLEARANCE

7. CARBON DEPOSITS ON
VALVE HEAD

SUGGESTED REMEDY

L

8. VARNISH DEPOSITS
ON VALVE STEM

9. SCORED OR SCUFFED
VALVE STEM

r 10. ALL VALVES BENT |
]

11. OIL RUNNING DOWN
VALVE STEM

1. Check for carbon deposits, a bent valve guide,
defective spring or antifreeze (glycol) in the
lubricating oil. Replace a bent guide. Clean-up and
reface the valve. Replace the valve if necessary.

2. Check for excessive valve-to-guide clearance, bent
valve guide or carbon deposits. Replace a bent or worn
guide. Clean the carbon from the valve. Reface or
replace the valve, if necessary.

3. Check the operating conditions of the engine for
overload, inadequate cooling or improper timing. Reface
the valve and insert. Replace the valve if it is warped or
too badly pitted. Use a harder-face valve if the operating
conditions warrant.

4. Check for contact between the valve head and the
piston as a result of incorrect valve clearance, an
improperly positioned exhaust valve bridge (four valve
head) or a defective spring. Check the valve guide,
insert, cylinder head and piston for damage. Replace
damaged parts.

5. Check for excessive valve-to-guide clearance, a
defective valve spring or etching of the valve stem at the
weld. Improper valve clearance is also a cause of this
type of failure. Check the guide, insert, cylinder head
and piston for damage. Replace damaged parts.

6. Replace a worn valve guide. Check and replace the
valve, if necessary.

7. Black carbon deposits extending from the valve
seats to the guides indicates cold operation due to light
loads or to the use of too light a fuel. Rusty brown valve
heads with carbon deposits forming narrow collars
near the guides indicate hot operation due to overloads,
inadequate cooling or improper timing which results in
carbonization of the lubricating oil. Clean-up the valves,
guides and inserts. Reface the valves and inserts or
replace them if they are warped, pitted or scored.

8. Check for a worn valve guide or excessive exhaust
back pressure. Replace a worn guide. Check the valve
seat for improper seating. Reface the valve and insert
or, if necessary, replace.

9. Check for a bent valve stem or guide, metal chips or
dirt, or for lack of lubrication. Clean up the valve stem
with crocus cloth wet with fuel oil or replace the valve.
Replace the guide. When installing a valve, use care in
depressing the spring so that the spring cap DOES NOT
scrape the valve stem.

10. Check for a gear train failure or for improper gear
train timing.

11. Check the operation of the engine for excessive
idling and resultant low engine exhaust back pressure.
Install valve guide oil seals.
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SPECIFICATIONS

Specifications, clearances and wear limits are listed
below. It should be specifically noted that the clearances
apply only when all new parts are used at the point where
the various specifications apply. This also applies to
references within the text of the manual. The column
entitled "Limits" in this chart lists the amount of wear or
increase in clearance which can be tolerated in used

engine parts and still ensure satisfactory performance. It
should be emphasized that the figures given as "Limits"
must be qualified by the judgment of personnel
responsible for installing new parts. These wear limits
are, in general, listed only for the parts more frequently
replaced in engine overhaul work. For additional
information, refer to the text.

TABLE OF SPECIFICATIONS, NEW CLEARANCES AND WEAR LIMITS

These limits also apply to oversize and undersize parts

ENGINE PARTS (Standard Size, New) MINIMUM MAXIMUM LIMITS

Cylinder Block
Block bore:

Diameter (cast iron block) ...........ccceeeeeeeee, 4.6260" 4.6270"

OUut-0f-roUNd ... .0010" .0020 "

TAPEI e .0010" .0020"
Cylinder liner counterbore:

DI T- 11 4= (= PP 5.0460" 5.0485"

Depth (cast iron bIock) ...........evvvevviviiiiiiiiiiiiiiininns A770" A4795"

Main bearing bore:
Inside diameter (vertical axis).........cccceeerivereennnnn. 3.8120" 3.8130"
Top surface of block:
Centerline of main bearing bore
to top of blocK ......oooviiiiiii 16.1840" 16.1890"  16.176" min.

Flatness--transverse (3, 4 and 6 cyl.)........ccccc...... .0030"

Flatness--longitudinal (6 cyl.).......cccooeeiviiiieennnn. .0090"
Depth of counterbores (top surface):

Cylinder head seal strip groove..........ccccceevievneen. .0920" .1070"

Large water holes (between cylinders)................. .1090" .1200"

Small water holes (at ends)........ccccevvvveeeiiiieenens .0870" .0980"

Combination water and oil holes ..................o....... .0870" .0980"

Cylinder Liner
Outside diameter........cccceeeviviiiiiiieee e 4.6250" 4.6260"
INSide dIAMELEr .....coiiiiiiiiiiei e 4.2495 " 4.2511"
Clearance--liner-to-block:

Castiron BIOCK.........cccveeiiiiiee i .0000" .0020" .0025"
Out-of-round--inside diameter...........cccccovviviiieeenennn. .0020" .0025"
Taper--inside diameter..........occcvvveeeeee i .0010" .0020"
Depth of flange BELOW bIOCK........cccovvvvieeiiiiiieeenne, .0450" .0500" .0500"
Variation in depth between adjacent liners................. .0020" .0020"
INSert thiCKNESS .......ooiiiiiiiie e .1795" .1800"
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ENGINE PARTS (Standard Size, New) MINIMUM MAXIMUM LIMITS

71N Engines

Piston:
Height (centerline of bushing to top) .................... 3.5430" 3.5480"
Diameter (above compression rings) ................... 4.2225" 4.2255"
Diameter (at SKIrt)............uuvveveermimiminininininrninienn. 4.2428" 4.2450".
Clearance--piston skirt-to-liner ............ccccccevveeeen. .0045" .0083" .0120"
OUL-OF-rOUNG ... .0005”
TAPEI e .0005"
Compression rings:
Gap (top-fire ring) ==, .0230" .0380" .0600"
Gap (N0. 2,3 and 4).....ccoocvveiiiiiieiiieee e, .0180" .0430" .0600"
Clearance--ring-to-groove:
NO 1 (top-fire fiNG) ..eceevvveeeiiiiiie e .0040" .0060" .0100"
NO 2 e .0100" .0130" .6220"
NO 3aNA 4. .0040" .0070" .0130"
Qil control rings:
GAP .ttt .0080" .0230" .0430"
ClearanCe ..........cceveiiiiiiiiieeie e .0015” .0055 " .0080."
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Specifications 1.0
ENGINE PARTS (Standard Size, New) MINIMUM MAXIMUM LIMITS
Cross-Head Pistons and Rings
71N and 71T Engines
Piston crown:
Saddle-to-crown distance:
piston (18.7:1 compr. ratio).......ccccveeerriuveenen. 2.7030" 2.7100"
T piston (17:1 compr. ratio)...........ceeeeeeeeeen.. 2.6730" 2.6800"
Diameter:
AL TOP. it 4.2226" 4.2256"
Below both compression rings..........cccceeene. 4.2391" 4.2421"
Above and below seal ring groove................. .8850" 3.8950"
Above and below bearing saddle................... 3.2360" 3.2370"
Compression rings:
Gap (top-fire ring) oo .0230" .0380" .0600"
Compression rings:
Clearance-ring-to-groove:
Gap (No.2and 3) ..o .0180" .0430" .0600"
*Top (Keystone fire ring) .......cocoeeeeviieeeennnnn, .0010 .0050" .0070"
No. 2 (rectangular section) ............ccccceeeeeeennn. .0100" .0130" .0220"
No. 3 (rectangular section) .........ccccccovvveeeenne .0040" .0070" .0130"
Seal ring:
Gap (in skirt counterbore).........cccoeeecvvieieeieeeiinnns .0020" .0210" .0270"
ClearanCe ...t .0005" .0030 .0040"
Piston skirt:
Diameter section) .o 4.2428" 4.2450
Clearance--skirt-to-liner,,,,......ccccocevvvrerienencenenn .0045" .0083" .0120"
Sealringbore 3.9200 3.9240" 3.9260"
Piston pinbore .1.5000" 1.5030" 1.5040"
Oil control rings:
Gap (two rings in lower grooveX71N engine)....... .0080" .0230" .0430"
Gap (one ring in upper grooveX71N engine) ....... .0080" .0230" .0430"
Clearance (two rings in lower groove)................. .0015” .0055" .0080"
Clearance (one ring in upper groove)................... .0010" .0035" .0060"
Connecting Rod (cross-head)
Length center-to-center of upper and lower bores..... 10.1230" 10.1260"
Piston Pins (Cross-Head Piston)
LeNGth ..o 3.6150" 3.6250."
DIAMELET ...t 1.499." 1.5000" 1.4980"
Slipper bearing (bushing):
Thickness at center ... .0870 .0880 .0860"
Clearance (edge of bushing to groove in piston).. .0005" .0105" .0120"

*Measured with Keystone fire ring flush with outside diameter of piston crown.
% Diameter above and below the piston pin may be 4.2414"
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Specifications 1.0
ENGINE PARTS (Standard Size, New) MINIMUM MAXIMUM LIMITS
Crankshaft
Journal diameter--main bearing...........ccccoevvvvvviviiinnnns 3.4990" 3.500"
Journal diameter--conn. rod bearing............cccocuveeen. 2.7490" 2.7500"
Journal out-0f-roUNd............cooiiiiiiiiieeiee e .0.0025" .0010"
JOUrNAl tAPET ... .0005" .0015

8§Runout on journals--total indicator reading:

6 cylinder (mounted on No. 1 and No. 7 journals):

At No. 2 and No. 6 journals..............ccceeeeeee. .0020"
At No. 3 and No. 5 journals...........ccccceeeennnen. .0040"
AtNo. 4 journal ., .0060"
Thrust washer thickness ..o .1190" .1220"
End play (end thrust clearance).......cccccccvevvevvevevennnnns .0040" .0140" .0180"
Connecting Rod Bearings
Inside diameter (vertical axis) .......cccccvvvvvereiniiereennnne, 2.7514 2.7534"
Bearing-to-journal clearance .........ccccccvvvvvevveveevinvnnnnnns .0014" .0044" .0060"
Bearing thickness 90'from parting line ..............ccc..... .1548" .1553" .153" min.
Main Bearings
Inside diameter (vertical axis) .........cccoeeeeeieeriiiiiiinnen. 3.5014 3.5034"
Bearing-to-journal clearance ..........ccccccvveeeinieeene .0014." .0044" .0060 "
Bearing thickness 90°from parting line ....................... .1548" .1553" .153" min.
Camshaft
Diameter (at bearing journals):
Frontand rear s 1.4970" 1.4975"
Center and intermediate ...........cccocvveeeevriinvnennnn. 1.4980" 1.4985"
Runout at center bearing (when mounted
0N end BEAINNGS) ....vvvrieieee i .0020"
Shaft diameter at gear ........ccceeveeiiiiiiiieeee e 1.1875" 1.1880"
Length--thrust bearing end journal................ccccvvveee. 2.8740" 2.8760"
ENd thruSt....ccoveiiee e .0040" .0120" .0180"
Thrust washer thiCKNess ..........ccccovviiee i .1190" .1220"
Balance Shaft
Shaft diameter at bearings........ccccooeiviiiiiieiiiiiiieee. 1.4970" 1.4975"
Shaft diameter at gear ........cccccveeeiiiiciiieee e, 1.1875" 1.1880"
Length--thrust bearing end journal...............cccceeennne. 2.8740" 2.8760"
ENd thruSt.....cciiieee e .0040." .0120" .0180"
Thrust washer thickness ........ccccccciiiiiiiiie e .1190" .1220"

8 Runout tolerance given for guidance when regrinding crankshaft. When the runout on adjacent journals is in the
opposite direction, the sum must not exceed .003" total indicator reading. When the runout on adjacent journals is in the
same direction, the difference must not exceed .003" total indicator reading. When high spots of the runout on adjacent
journals are at right angles to each other, the sum must not exceed .004" total indicator reading or .002" on each journal.
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Specifications 1.0
ENGINE PARTS (Standard Size, New) MINIMUM MAXIMUM LIMITS
Camshaft and Balance Shaft Bearings

Inside diameter:

Front and rear..........cccveeeiiiiiiiiieee e 1.5000" 1.5010"

Center and intermediate.............cccuvveeeeeiiiniiiinneen. 1.5010" 1.5030"
Clearance--bearing-to-shaft:

Front and rear..........cccceeiiiiiiiiieiiie e .0025" .0040" .0060

Center and intermediate..............ooevcvvviiiieneeeninnns .0025" .0050 " 0090."
Outside diameter:

Front and rear.........cccceveeeiiiciiiiiiee e 2.1880" 2.1885"

Center and intermediate.............ccuvveeeeeeiniiiiinneen. 2.1840" 2.1860"
Diameter of cylinder block bore ...........cccoocviiniiiennnn. 2.1875" 2.1885"
Clearance--bearings-to-block:

Front and rear.........ccceeeivieeiinieeee e .001 press .0005 loose

Intermediate (extruded)..........cccoeeeeiiiiiiiiiiiienenenn, .0015" .0065 "

Intermediate (die cast).........ocovvviriiieiiniiiieien .0015" .0105"

Camshaft and Balance Shaft Gears
Inside dIaMELer .....ccciiiiiie e 1.1865 1.1875"
Clearance--gear-to-shaft..........ccccocoveiiiiiiiiie e, .0015"press .0.0001"
Backlash .........coocviiiiiiii e .0030" .0080" .0100"
Idler Gear
Backlash ..........oooovviiiiiii e .0030" .0080" .0100"
Pre-load--Variation on pull 2 Ibs. 11 oz..........cccc.... 1/2 1b 63/41b 1/2.6 3/4 Ib.
Crankshaft Timing Gear
Inside diameter 4.7490" 4.7500"
Clearance--gear-to-shaft ..., .001 ".press .001 " loose
Backlash .0030" .0080" .0100"
Blower Drive Gear
Backlash .........coocviiiiiiiii e .0030" .0080" .0100"
Gear-to-hub fit.......ccc .0005" press .001 " loose
Support-to-end plate ... .0005" press  .0025" loose
Inside diameter (support bushing) ........ccccccceevvviinnnen. 1.6260" 1.6265"
Hub diameter (at bearing) ...........ccooeeieiiiiiiiiiiieeeeenn. 1.6240" 1.6250"
Hub-to-support bushing clearance................cccvvvvee. .0010" .0025" .0050"
Hub-to-cam clearance ..........cccccccveeeieeiiiiiiiiieieneenn, .0020" .0070"
End thrust (current bearing)........cccccceveeeviiicciiieeeeeenn, .0060" .0140"
End thrust (former flanged bearing)..........cccccoeveennen. .0050" .0080" .0100"
Cylinder Head
Flatness--transverse ( 6 CyL).cccoveeeeeeiiiiiciiieeeeeen, .0040"
Flatness--longitudinal (6 Cyl.) ....cccccovveeeiiiiiiieee